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Abstract: In this work, the most detrimental missense mutations of STK11 that cause Peutz-Jeghers Syndrome 
and other types of cancer were identified computationally and the binding efficiencies of those missense mutations 
with STRAD were analyzed. Out of 39 missense mutations, I-Mutant 2.0, SIFT and PolyPhen programs identified 
26 variants that were less stable, deleterious and damaging respectively. Subsequently, modeling of these 26 
variants was performed to understand the change in their conformations with respect to the native STK11 by 
computing their root mean squared deviation (RMSD). Furthermore, the native protein and the 26 mutants were 
docked with the STRAD to explain the binding efficiencies of those detrimental missense mutations. Among the 26 
mutants, 12 mutants were identified as deleterious based on the results of docking studies, RMSD scores and 
stability analysis. Finally, normal mode analysis determined that the loss of binding affinity of these 12 mutants 
was caused by altered flexibility in the amino acids that bind to STRAD compared with the native protein. Thus, 
the present study showed that all the active site amino acids in those 12 mutants displayed loss of flexibility, which 
could be the theoretical explanation of decreased binding affinity between the mutant STK11 and STRAD. 
Key words: Peutz-Jeghers Syndrome, cancer, STK11 and STRAD. 
 

 
 

INTRODUCTION 

The germline mutations in STK11 gene cause a rare dominantly inherited disease , Peutz –Jeghers syndrome (PJS) 
[1,2] characterized by presence of gastrointestinal (GI) hamartomatous polyps and mucocutaneous melanin 
pigmentation which is frequently expressed in lips and oral area [3, 4, 5]. It is found that the hamartomatous polyps 
are commonly develop in small bowel, colon and in stomach, causing abdominal pain, bowel obstruction and 
severe gastrointestinal bleeding [10]. The risk factor for cancer in PJS patients has been estimated to be 15 - fold 
higher than the general population [6]. An increased risk for gastrointestinal (GI) and non gastrointestinal (non-GI) 
cancer is observed in PJS patients. Frequently observed GI targeted cancers include stomach, small intestine, colon 
and pancrease cancer, whereas cancers in breast, endometrial, ovary and lung tumours are frequent in non-GI 
targeted cancer [10].   
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Mutations in the tumor suppressor gene STK11 on chromosome 19p13.3 is the only known cause for PJS [11]. The 
gene encodes for serine-threonine kinase which has a critical role in regulating cell growth and apoptosis [7,8]. 
Many of the germline mutations in STK11 are small deletions or point/missense mutations and which are present in 
the STK11 catalytic kinase domain and minority occur within its COOH- terminal non catalytic region and this will 
result in STK11 protein reduction, loss or inactivation [12,13].STK11 associates with the pseudokinase STRAD 
(STe20-Related ADaptor) and the scaffolding MO25 (MOuse protein 25) in a 1:1:1 heterotrimeric complex in cell 
[14]. The catalytic kinase domain of STK11 is activated when pseudokinase domain of STRAD binds to it which 
leads to transport of STK11 to the cytoplasm [15]. Contrasting to the majority of the protein kinases which are 
regulated by phosphorilation, STK11 is activated by binding to STRAD and MO25 through an unknown, 
phosphorylation-independent, molecular mechanism [16,17]. Mutations in STK11 can lead to its inactivation 
without affecting this complex assembly.  

We investigated the detrimental missense mutations of STK11 since there were 44 reported mutations for this 
protein and also many of the mutations were reported in PJS and other types of cancer [10, 11]. These missense 
mutations fall in to the category of non-synonymous SNPs (nsSNP) which cause change in amino acid residue. The 
computational protocol was used to identify and analyze them and model structures were proposed for the mutants. 
The binding partner STRAD was docked with both the native and mutants of STK11 to determine the binding 
effect and the nature of the flexibility in the binding pockets, which explained the decreased binding efficiency of 
these missense mutations. 
 

MATERIALS AND METHODS 

Datasets 

The protein sequence and variants (single amino acid polymorphisms/missense mutations/point mutations) of 
STK11 were obtained from the Swissprot database available at http://www.expasy.ch/sprot/. The subsection of each 
Swissprot entry provides information on polymorphic variants. Some of the polymorphic variants may be disease(s) 
- associated by causing defects in a given protein. Most of these polymorphic variants were nsSNPs (non-
synonymous SNPs) in the gene sequence and SAPs (single amino acid polymorphisms) in the protein sequence [19, 
20]. The 3D Cartesian coordinates of the protein STK11 was obtained from Protein Data Bank with PDB ID 2WTK 
[21] for in silico mutation modeling and docking studies based on detrimental point mutants. 

Predicting stability changes caused by SAPs using support vector machine (I-Mutant 2.0) 

We used the program I-Mutant2.0 (http: //gpcr. biocomp.unibo.it/cgi/predictors/IMutant2.0/ I-Mutant2.0.cgi) for this 
study. I-Mutant2.0 is a support vector machine (SMV) based tool for the automatic prediction of protein stability 
changes caused by single point mutations. I-Mutant2.0 predictions were performed starting either from the protein 
structure or, more importantly, from the protein sequence [22]. This program was trained and tested on a dataset 
derived from ProTherm [23], which is the most comprehensive available database of thermodynamic experimental 
data of free energy changes of protein stability caused by mutations under different conditions. The output files 
show the predicted free energy change value or sign (∆∆G), which was calculated from the unfolding Gibbs free 
energy value of the mutated protein minus the unfolding Gibbs free energy value of the native protein (KJ/mol). 
Positive ∆∆G values meant that the mutated protein has higher stability and negative values indicate lower stability. 

Analysis of functional consequences of point mutations by a sequence homology-based method (SIFT) 

The program, SIFT available at http://blocks.fhcrc.org/sift/SIFT.html [25], used specifically to detect deleterious 
single amino acid polymorphisms. SIFT is a sequence homology-based tool, which presumes that important amino 
acids will be conserved in a protein family; therefore, changes at well-conserved positions tend to be predicted as 
deleterious [24]. Queries are submitted in the form of protein sequences. SIFT takes a query sequence and uses 
multiple alignment information to predict tolerated and deleterious substitutions for every position of the query 
sequence. SIFT is a multistep procedure that, for given a protein sequence, (i) searches for similar sequences, (ii) 
chooses closely related sequences that may share similar function, (iii) obtains the multiple alignment of these 
chosen sequences, and (iv) calculates normalized probabilities for all possible substitutions at each position from 
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the alignment. Substitutions at each position with normalized probabilities less than a chosen cutoff are predicted to 
be deleterious and those greater than or equal to the cutoff are predicted to be tolerated [25]. The cutoff value in 
SIFT program was tolerance index of ≥0.05. The higher the tolerance index, the less functional impact a particular 
amino acid substitution would be likely to have.  

Simulation for functional change in a point mutant by structure homology-based method (PolyPhen) 

Analyzing the damage caused by point mutations at the structural level is considered very important to understand 
the functional activity of the protein. The server PolyPhen [26] available at http://coot.embl.de/ PolyPhen/ was used 
for this purpose. Input options for the PolyPhen server are protein sequence, SWALL database ID or accession 
number, together with the sequence position of two amino acid variants. The query is submitted in the form of a 
protein sequence with a mutational position and two amino acid variants. Sequence-based characterization of the 
substitution site, profile analysis of homologous sequences, and mapping of the substitution site to known protein 
3D structures are the parameters taken into account by PolyPhen server to calculate the score. It calculates position-
specific independent counts (PSIC) scores for each of the two variants and then computes the PSIC scores 
difference between them. The higher the PSIC score difference, the higher the functional impact a particular amino 
acid substitution would be likely to have. 

Modeling point mutation on protein structures to compute the RMSD 

Structure analysis was performed to evaluate the structural deviation between native proteins and mutant proteins 
by means of root mean square deviation (RMSD). The web resource Protein Data Bank [21] was used to identify 
the 3D structure of STK11 (PDB ID: 2WTK) and also confirmed the mutation position and the mutation residue in 
PDB ID 2WTK. In order to calculate the RMSD for native and mutant STK11 with STRAD, we used SWISSPDB 
viewer for performing mutation, and NOMAD-Ref server performed the energy minimization for 3D structures 
[27]. This server uses Gromacs as the default force field for energy minimization, based on the methods of steepest 
descent, conjugate gradient and Limited-memory Broyden-Fletcher-Goldfarb- Shanno (L-BFGS) methods [28]. 
The conjugate gradient method was used here to minimize the energy of the 3D structure of STK11. Divergence of 
the mutant structure from the native structure could be caused by substitutions, deletions and insertion [29] and the 
deviation between the two structures could alter the functional activity [30] with respect to binding efficiency of the 
binding partner, which was evaluated by their RMSD values. We used the server SRide [36] for identifying the 
stabilizing residues in native protein and in mutant model. Stabilizing residues were computed using the parameters 
such as surrounding hydrophobicity, long-range order, stabilization center and conservation score as described by 
Magyar et al. [36]. 

Identification of binding residues in STK11-STRAD interaction and computing atomic contact energy (ACE) 

In order to understand the functional activity of STK11 with its binding partner STRAD we selected the PDB ID: 
2WTK and performed the mutations by using SWISSPDB viewer and the energy minimization was done by 
NOMAD-Ref. Finally, the program PatchDock was used for the docking of the native and mutant STK11 with 
STRAD to compute the atomic contact energy. The underlying principle of this server is based on molecular shape 
representation, surface patch matching plus filtering and scoring [31]. It finds docking transformations that yield 
good molecular shape complementarity. Such transformations, when applied, induce both wide interface areas and 
small amounts of steric clashes. A wide interface ensured that include several matched local features of the docked 
molecules that have complementary characteristics were included. The PatchDock algorithm divides the Connolly 
dot surface representation [32, 33] of the molecules into concave, convex and flat patches. Then, complementary 
patches are matched to generate candidate transformations. Each candidate transformation is further evaluated by a 
scoring function that considers both geometric fit and atomic desolvation energy [33, 34]. 

To identify the binding residues between STK11 and STRAD, we submitted the PDB ID: 2WTK, to the protein 
interface recognition server SPPIDER [35]. This server integrates enhanced relative solvent accessibility (RSA) 
predictions with high resolution structural data. So that it is used to predict  residues to be at the putative protein 
interface(s) by considering single protein chain with resolved 3D structure, to analyse protein- protein complex 
with given 3D structural information and to identify residues that are being inter chain contact [35].  
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Exploring the flexibility of binding pocket by normal mode analysis 

A quantitative measure of the atomic motions in proteins could be obtained from the mean square fluctuations of 
the atoms relative to their average positions. Protein flexibility is important for protein function [37]. In addition, 
the flexibility of certain amino acids in a protein is useful for various types of interactions.  It is found that the 
increase in flexibility upon mutation is tend to be localized, whereas increase in rigidity are likely to be coupled to 
remote structural sites. When a mutation occur the structure subtly rearranges itself to maximize the enthalpy-
entropy compensation [18].  Hence the flexibility of amino acids in the binding site was computed from the mean-
square displacement <R2> of the lowest-frequency normal mode using ElNémo server [38].  
 

RESULTS AND DISCUSSION 

Data set from Swissprot 

The STK11 protein and a total of 39 variants, namely Y49D, V66M, L67P, R86G, R87K, G135R, F157S, L160P, 
G163D, Q170P, G171S, H174R, D176Y, I177N, N181E, D194N, D194V, D194Y, E199K, E199Q, A205T, 
D208N, G215D, S216F, E223V, T230P, F231L, S232P, W239C, L245R, T250P, Y272H, D277Y, P281L, L285Q, 
R297K, P314H, P315S and P324L were taken from Swissprot [39, 40].  

Identification of functional missense mutants of STK11 by I-Mutant2.0 

Of the 39 variants, 37 were observed as less stable from the I-Mutant 2.0 server as shown in the Table 1. Out of 
such 37 variants, 19 variants, viz., R86G, R87K, G135R, Q170P, H174R, D176Y, N181E, D194N, E199Q, A205T, 
D208N, S216F, E223V, T230P,  S232P , T250P , D277Y, P281L and P324L  had shown a ∆∆G value of < -1.0,  
the other 13 variants, viz., V66M, F157S, G163D, G171S, E199K, G215D, F231L, W239C, L245R, Y272H, 
R297K, P314H and  P315S  shown a ∆∆G value of > -1.0 ,and the remaining 5 variants, viz, Y49D , L67P, L160P, 
I177N ,and L285Q shown a ∆∆G value of > -2.0 were illustrated in Table 1. 

Of the 37 variants that showed a negative ∆∆G, variants Y49D and N181E changed its polar amino acid to 
negatively charged amino acid, variant R86G changed from positively charged to non-polar, three variants (G135R, 
L245R and P314H) changed from non-polar to positively charged amino acid. Six variants (F157S, G171S, I177N, 
A205T, L285Q, and P315S) changed from non-polar to polar, variant E199K changed from negatively charged to 
positively charged, another variant E223V changed from negatively charged to non-polar. Two variants (G163D, 
G215D) changed from non-polar to negatively charged, five variants (Q170P, S216F, T230P, S232P and T250P) 
changed from polar to non-polar, and the variants D176Y, D194N, E199Q, D208N and D277Y changed their 
polarity from negatively charged to polar. The variant Y272H changed from polar to positively charged amino acid 
and the remaining ten variants (V66M, L67P, R87K, L160P, H174R, F231L, W239C, P281L, R297K and P324L) 
retained their polarity. Indeed, by considering only amino acid substitution based on physico-chemical properties, 
we could not be able to identify the detrimental effect. Rather, by considering the sequence conservation along with 
the above said properties could have more advantages and reliable to find out the detrimental effect of missense 
mutations [41]. 

Predicting the deleterious missense mutants of STK11 by SIFT program 

The degree of conservation of a particular position in a protein was determined using sequence homology based 
tool SIFT [25]. The protein sequences of the 39 variants were submitted to SIFT to determine their tolerance 
indices. As the tolerance level increases, the functional influence of the amino acid substitution decreases and vice 
versa. Out of 39 variants, 28 variants viz., Y49D , L67P , R86G , G135R , F157S , L160P , G163D , H174R , 
D176Y , I177N , N181E , D194N , D194V , D194Y , E199K , E199Q , D208N , G215D , S216F , E223V , T230P , 
F231L , W239C , L245R , T250P , Y272H , L285Q and R297K were found to be deleterious having the tolerance 
index of ≤ 0.05 (Table 1).  

Among these 28 variants, 21 variants (Y49D , L67P ,  G135R , F157S , L160P , G163D , H174R , D176Y , I177N , 
N181E , D194N , D194V , D194Y ,  G215D , S216F , E223V , W239C , L245R , Y272H , L285Q and R297K) 
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showed a highly deleterious tolerance index score of 0.00, six variants (R86G, E199K, E199Q, D208N, F231L and 
T250P ) showed a tolerance index of 0.01 and the variant T230P showed a tolerance index score of 0.04 
.Interestingly, 26 deleterious variants identified by SIFT also were seen to be less stable by the I-Mutant 2.0 server. 

Predicting the damaged missense mutants of STK11 by PolyPhen 

Structural level alterations were determined by PolyPhen program. Protein sequence with mutational position and 
amino acid variants associated with the 39 single point mutants were submitted to the PolyPhen server. A PSIC 
score difference of 0.001 and above was considered to be damaging. Of the 39 variants, 37 were said to be 
damaging by PolyPhen and these variants had a PSIC score difference between 0.01 and 1.00. It was to be noted 
that the variants that were considered to be damaging by PolyPhen were also identified as less stable by I-Mutant 
2.0 server and deleterious according to the SIFT server . 

Rational consideration of detrimental point mutations 

We rationally considered the 26 most potential detrimental point mutations (Y49D , L67P , R86G, G135R , F157S, 
L160P , G163D , H174R , D176Y , I177N , N181E , D194N ,  E199K , E199Q , D208N , G215D , S216F , E223V 
, T230P , F231L , W239C , L245R , T250P , Y272H , L285Q and R297K) for further course of investigations 
because they were commonly found to be less stable, deleterious, and damaging by the I-Mutant2.0, SIFT and 
PolyPhen servers respectively [22, 25,26]. We considered the statistical accuracy of these three programs, I-Mutant 
improves the quality of the prediction of the free energy change caused by single point protein mutations by 
adopting a hypothesis of thermodynamic reversibility of the existing experimental data. The accuracy of prediction 
for sequence and structure based values were 78% and 84% with correlation coefficient of 0.56 and 0.69, 
respectively [42]. SIFT correctly predicted 69% of the substitutions associated with the disease that affect protein 
function. PolyPhen-2 evaluates rare alleles at loci potentially involved in complex phenotypes, densely mapped 
regions identified by genome-wide association studies, and analyses natural selection from sequence data, where 
even mildly deleterious alleles must be treated as damaging. PolyPhen-2 was reported to achieve a rate of true 
positive predictions of 92% [42-45]. To obtain precise and accurate measures of the detrimental effect of our 
variants, comprehensive parameters of all these three programs could be more significant than individual tool 
parameters. Hence, we further investigated these detrimental missense mutations by structural analysis. 

Modeling the mutant structures and computing RMSD values 

The available structure of STK11 is PDB ID 2WTK. The mutational position and amino acid variants were mapped 
onto 2WTK native structure. Mutations at a specified position were performed in silico by SWISSPDB viewer 
independently to obtain a modeled structure. NOMAD-Ref server performed the energy minimizations, for both 
native structure and the 26 mutant modeled structures. To determine the deviation between the native structure and 
the mutants, the native structure was superimposed with all 26 mutant modeled structures and calculated the 
RMSD. The higher the RMSD value, the more deviation there is between the native and mutant structure, which in 
turn changes the binding efficiency with the binding partner because of deviation in the 3D space of the binding 
residues of STK11. Table 2 shows the RMSD values for native structure with each mutant modeled structure. Of 
the 26 mutants, 16 mutants (Y49D , L67P , R86G , H174R , I177N , D208N , S216F , E223V , T230P , F231L , 
W239C , L245R , T250P , Y272H , L285Q and R297K) exhibited a higher RMSD >2.00 Å as illustrated in Table 2 
and the other mutants exhibited an RMSD between 0.25 Å and 1.99 Å .The superimposed structure of native with  
mutants R86G, N181E and Y272H are also shown in Fig 1. 

The total energy for the native type structure was found to be -16734.766KJ/mol. Of the 26 mutants, 18 mutants 
had higher total energy than native, ranging from -11049.088 to -16723.133KJ/mol as shown in Table 2. Other 
eight mutants (G135R, H174R, I177N, D194N, D208N, T230P, L245R and T250P) found to be with decreased 
total energy than native. These 8 mutants might not be contributing to the change in stability of the protein as some 
of the mutations give more stable but less active protein. Higher the total energy, less stable will the protein 
structure be.  
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Table 1 List of variants that were predicted to be functionally significant by I-Mutant 2.0, SIFT and PolyPhen 

. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Variant ∆∆G Tolerant 
index 
 

PSIC SD 
 

Y49D -2.01 0.00 1.00 
V66M -1.67 0.31 0.08 

L67P -2.28 0.00 1.00 
R86G -0.82 0.01 0.99 
R87K -0.65 0.20 0.05 

G135R -0.90 0.00 1.00 
F157S -1.35 0.00 1.00 
L160P -2.02 0.00 1.00 
G163D -1.58 0.00 1.00 
Q170P -0.58 0.16 0.99 
G171S -1.14 0.22 0.99 

H174R -0.82 0.00 1.00 
D176Y -0.17 0.00 1.00 

I177N -2.04 0.00 1.00 
N181E -0.40 0.00 1.00 
D194N -0.47 0.00 1.00 
D194V 0.65 0.00 1.00 
D194Y 0.34 0.00 1.00 
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Letters in bold indicate less stable, deleterious and damaging 
by I-Mutant, SIFT and PolyPhen, respectively 

 
 
 

 
 
 

E199K -1.12 0.01 1.00 
E199Q -0.75 0.01 1.00 
A205T -0.52 0.19 0.69 

D208N -0.53 0.01 1.00 
G215D -1.22 0.00 1.00 
S216F -0.24 0.00 1.00 
E223V -0.26 0.00 1.00 
T230P -0.56 0.04 0.91 
F231L -1.28 0.01 0.99 
S232P -0.73 0.11 0.34 

W239C -1.39 0.00 1.00 
L245R -1.61 0.00 1.00 
T250P -0.84 0.01 0.99 
Y272H -1.45 0.00 0.90 
D277Y -0.15 1.00 0.01 
P281L -0.67 0.31 0.02 

L285Q -2.56 0.00 1.00 
R297K -1.46 0.00 1.00 
P314H -1.25 0.07 0.00 
P315S -1.16 0.81 0.00 
P324L -0.84 

 
0.11 
 

0.14 
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 Table 2  RMSD, total energy and stabilizing residues for native and mutants of STK11 
 
 

                        
Variant RMSD 

(Å) 
Total 

Energy 
(KJ/mol) 

No. 
of SR 

Stabilizing Residues ACE 
Kcal/mol 

Native 0.00 -16734.766 9 Ala (30), Lys (32), Ile (33), Met 
(80), Cys (85), Gly (86), Leu (134), 

Lys (142),Ile (143) 
 

53.31 

Y49D 2.59 -16678.254 11 Ala(30), Val(31),Lys(32), Ile(33), 
Lys(35), Tyr(77),  Cys(85), 

Gly(86), Leu(134),  Lys(142),  
Ile(143) 

 

441.93 

L67P 2.08 -16517.932 6 Ala(30), Val(31),Lys(32), Ile(33), 
Leu(34), Ile(143) 

 

168.55 

R86G 2.70 -16456.994 7 Ala(30),Val(31), Lys(32), Ile(33), 
Lys(142), Ile(143), Thr(200) 

 

81.96 

G135R 1.91 -16980.611 5 Ala(30),Val(31), Lys(32), Ile(33), 
Lys(142) 

 

58.02 

F157S 1.92 -16626.852 7 Ala(30),Val(31), Lys(32), Ile(33), 
Lys(142), Phe(170), Ser(191) 

 

159.49 

L160P 0.25 -11190.762 3 Ala(30),Val(31), Lys(32) 
 

455.00 

G163D 0.26 -11574.894  3 Ala(30),Val(31), Lys(32) 
 

-37.55 

H174R 2.10 -16937.945 9 Ala(30),Val(31), Lys(32), Ile(33), 
Gly(114), Leu(141), Lys(142), 

415.86 
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Ile(143), Asp(188) 
 

D176Y 0.25 -11049.088 3 Ala(30),Val(31), Lys(32) 
 

12.54 

I177N 2.00 -16791.643 7 Ala(30),Val(31), Lys(32), Ile(33), 
Met(80), Lys(142), Asp(188) 

 

149.88 

N181E 1.97 -16520.436 7 Ala(30),Val(31), Lys(32), Ile(33), 
Cys(85), Gly(86), Ile(143) 

 

323.02 

D194N 1.99 -16878.275 11 Ala(30),Val(31), Lys(32), Ile(33), 
Cys(85),Gly(86), Gly(114), 

Leu(134), Lys(142), Ile(143) 
 

349.11 

E199K 1.86 -16630.598 11 Ala(30),Val(31), Lys(32), Ile(33), 
Met(80), Cys(85), Gly(86), 
Leu(134), Lys(142),Ile(143) 

 

26.14 

E199Q 1.84 -16723.133 7 Ala(30),Val(31), Lys(32), Ile(33), 
Met(80), Lys(142), Ile(143) 

 

85.24 

D208N 2.70 -17025.410 6 Ala(30),Val(31), Lys(32), Ile(33), 
Lys(142), Ile(143) 

 

70.74 

G215D 0.27 -11732.503 3 Ala(30),Val(31), Lys(32) 
 

183.93 

S216F 2.23 -16508.961 7 Ala(30),Val(31), Lys(32), Ile(33), 
Met(80), Lys(142), Ile(143) 

 

365.67 

E223V 2.00 -16612.900 8 Ala(30),Val(31), Lys(32), Ile(33), 
Met(80), Cys(85), Lys(142), 

Ile(143) 
 

283.63 

T230P 2.52 -16783.074 6 Ala(30),Val(31), Lys(32), Ile(33), 
Lys(142), Ile(143) 

-73.51 
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RMSD - root mean square deviation; SR-Stabilizing Residue; the common stabilizing residues are shown in bold; 
ACE-Atomic Contact Energy 

 
 
 
 
 

 
F231L 2.05 -16665.414 9 Ala(30),Val(31), Lys(32), Ile(33), 

Leu(34), Met(80), Cys(85),  
Lys(142), Ile(143) 

 

335.25 

W239C 2.16 -16642.031 6 Ala(30),Val(31), Lys(32), Ile(33), 
Lys(142), Ile(143) 

 

343.05 

L245R 2.74 -16971.711 8 Ala(30), Lys(32), Ile(33), Cys(85), 
Gly(86), Leu(134), Lys(142), 

Ile(143) 
 

0.09 

T250P 2.58 -16805.973 11 Ala(30),Val(31), Lys(32), Ile(33), 
Cys(85),Gly(86),Lys(97), Arg(98), 

Leu(134), Lys(142), Ile(143) 
 

183.49 

Y272H 2.63 -16664.336 8 Val(31), Lys(32), Ile(33),  
Cys(85),Gly(86), Leu(134), 

Lys(142), Thr(200) 
 

74.26 

L285Q 2.05 -16699.883 6 Ala(30),Val(31), Lys(32), Ile(33), 
Lys(142), Ile(143) 

 

202.69 

R297K 2.58 -16407.490 10 Ala(30),Val(31), Lys(32), Ile(33), 
Cys(85), Gly(86), Leu(134), 
Lys(142), Ile(143),Gln(171) 

451.48 
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 Table 3 Comparison of normalized mean square displacement of binding residues of native protein and mutants 
 

 
BR-Binding Residues; Bold numbers indicate amino acids with increased flexibility in the mutant compared with the native protein; * mark 
indicates amino acids with decreased flexibility in the mutants compared with the native protein 
 
 
 
 

BR Native L67P R86G F157S L160P N181E E199Q G215D S216F E223V W239C Y272H L285Q 
 

Normalized mean square displacement 〈〈〈〈R2
〉〉〉〉 

 
Leu50 

 
0.0011 

 
*0.001 

 
*0.0009 

 
0.0015 

 
0.0232 

 
0.0024 

 
0.0021 

 
0.0241 

 
0.0015 

 
*0.001 

 
*0.001 

 
*0.0002 

 
0.0016 

Leu67 0.0030 0.0034 *0.0029 0.0034 0.0135 *0.0023 0.0042 0.0143 *0.0022 *0.0029 *0.0029 *0.0023 0.0035 
Ser69 0.0043 *0.0036 *0.0035 0.0048 0.0276 *0.0042 0.0059 0.0284 *0.0041 *0.0039 *0.0038 *0.003 0.0048 
Glu70 0.0060 *0.0047 *0.0041 0.0064 0.0331 0.0069 0.0075 0.0337 0.0062 *0.0053 *0.0052 *0.0045 0.0062 
Thr71 0.0071 *0.0063 *0.0058 0.0075 0.0298 0.0075 0.0087 0.0304 *0.007 *0.0065 *0.0063 *0.0058 0.0074 
Leu72 0.0060 *0.0058 *0.0055 0.0065 0.0219 *0.0056 0.0078 0.0225 *0.0054 *0.0057 *0.0056 *0.005 0.0066 
Cys73 0.0056 *0.0054 *0.0051 0.0059 0.0165 *0.0054 0.0068 0.0167 *0.0052 *0.0052 *0.0052 *0.0048 0.0059 
Arg74 0.0045 0.0051 *0.0044 0.0047 0.0085 *0.0039 0.0055 0.0085 *0.0039 *0.0042 0.0042 *0.0041 0.0048 
Arg106 0.0060 0.006 0.0064 *0.0045 0.0105 *0.0046 0.0061 0.0081 *0.0052 0.0064 *0.0049 0.0062 *0.0048 
Gln112 0.0051 *0.0049 0.0054 *0.0050 0.0081 *0.0048 0.0053 0.0082 *0.005 *0.005 *0.005 0.0053 0.0052 
Val133 0.0030 0.0037 0.0035 0.0033 0.0141 0.0033 0.0035 0.0139 0.0032 0.003 0.0031 0.0036 0.0033 
Thr186 0.0050 0.0055 0.0053 0.0051 0.0142 0.0052 0.0055 0.0139 0.0051 *0.0049 *0.0048 0.0053 0.0052 
Gly187 0.0055 0.0059 *0.0054 0.0055 0.0139 0.0059 0.0058 0.0138 0.0058 0.0055 *0.0054 0.0059 0.0057 
Lys312 0.0064 *0.0061 0.0067 0.0065 0.0142 0.0081 *0.0058 0.0147 0.0075 0.0066 0.0065 0.0069 *0.0058 
Pro321 0.0065 *0.0063 *0.0063 *0.0064 0.0173 0.0083 *0.0062 0.0179 0.0074 *0.0062 *0.006 0.0067 *0.0061 
Ile322 0.0053 0.0053 0.0053 0.0053 0.0175 0.0069 *0.0052 0.0178 0.006 *0.0052 *0.0049 0.0057 *0.0052 
Arg331 0.0073 *0.0079 *0.0072 0.0073 0.0193 *0.0072 0.0084 0.0183 0.0073 *0.0069 *0.0068 *0.0068 0.0073 
Val337 0.0045 0.0053 0.0051 0.0047 0.012 *0.0031 0.006 0.013 *0.0036 0.0046 0.0046 *0.0042 0.0051 
Val338 0.0060 0.0067 0.0065 0.0062 0.0181 *0.0044 0.0077 0.02 *0.0051 0.0061 0.006 *0.0057 0.0067 
Leu341 0.0042 0.0047 0.0046 0.0046 0.0322 *0.0017 0.0061 0.0342 *0.0027 0.0046 0.0046 *0.0041 *0.0053 
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Figure 1: Pymol view of (A) superimposed structure of the mutant R86G (blue) with native (cyan) (B) 
superimposed structure of the mutant N181E (magenta) with native (cyan) (C) superimposed structure of the 
mutant Y272H (yellow) with native (cyan) 

                                                  

  
                                (A)                                                                                         (B)                                              

 
                               (C) 
 
 

Computation of stabilizing residues 

In order to understand the stability of the native and mutant structures furthermore, we used the SRide server [36]. 
It can be seen from Table 2 that 9 stabilizing residues were identified in native structure. The variants Y49D, 
D194N, T250P and E199K found more number of stabilizing residues than in native, i.e. 11 stabilizing residues. 
Two mutants H174R and F231L were identified with the same number of stabilizing residues of native and the 
mutant R297K identified with 10 stabilizing residues. The remaining 19 mutants (L67P, R86G, G135R, F157S, 
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L160P, G163D, D176Y, I177N, N181E, E199Q, D208N, G215D, S216F, E223V, T230P, W239C, L245R, Y272H 
and L285Q) were found to be less in number of stabilizing residues than the native structure. Only 3 stabilizing 
residues were present in the mutants L160P, G163D, D176Y and G215D and which is found to be the lowest 
number of stabilizing residues among the other mutants. Two stabilizing residues namely Ala(30) and Lys(32) were 
found to be common in native and these mutants and all the other stabilizing residues were missing. 

Rationale of binding efficiency for native and mutant structures of STK11 with STRAD 

To determine the binding efficiency of STK11 with STRAD, the PDB ID 2WTK structure was selected, and the 
program SPPIDER was used to calculate contacts between the binding residues of STK11 and STRAD. In this 
analysis we found that, 20 amino acids viz., Leu (50), Leu (67), Ser (69), Glu (70), Thr (71), Leu (72), Cys (73), 
Arg (28), Arg (62), Gln (112), Val (133), Thr (186), Gly (187), Lys (312), Pro (321), Ile (322), Arg (331) , Val 
(337), Val (338)  and  Leu (341) act as binding residues in STK11- STRAD interaction (Table 3). 

Docking was performed using the PatchDock server between STRAD and the native and mutant modeled structures 
of STK11 to determine the binding efficiency in the form of the Atomic Contact Energy (ACE).The ACE between 
STRAD and native STK11 was found to be 53.31kcal/mol. Five of the mutants namely G163D, D176Y, E199K, 
T230P and L245R were found to be with increased binding affinity in terms of ACE. This might be a result of the 
3D conformation of STRAD, which had a comfortable fit into the 3D space of the binding residues of these mutants 
as compared with the native. All the other mutants were found less binding affinity with STRAD than the native 
STK11 in terms of ACE (Table 2) ranging from 58.02 to 455kcal/mol.  

The mutants with increased total energy, RMSD, decreased number of stabilizing residues and low binding affinity 
only chosen for the further work. Thus, 12 mutants (L67P, R86G, F157S, L160P, N181E, E199Q, G215D, S216F, 
E223V, W239C, Y272H and L285Q) were selected as they were satisfying all the parameters above mentioned.  
Moreover  these mutants were commonly found to be less stable, deleterious and damaging by the I-mutant 2.0, 
SIFT and PolyPhen servers  respectively. These 12 mutants were also confirmed as detrimental by experimental 
and clinical observations performed elsewhere. These studies did not use structural and binding analysis but rather 
used molecular genetic analysis, population prevalence and epidemiology survey [10-14 and 47-51]. Of the 12 
mutational residues, 8 residues namely L67, R86, N181, E199, G215, S216, E223, Y272 were also identified as 
surface accessible residues [15] which contributes more to their candidature of deleterious mutation as many of the 
disease related mutations lie in the solvent accessible region of the protein [45,46]. Hence we further investigated 
the 12 detrimental point mutations by normal mode analysis to understand the flexibility of the active site region for 
the native and mutant structures.  

The majority of amino acids in active site show loss of flexibility 

To understand the variation of STRAD binding efficiency of the 12 detrimental missense mutations, the program 
ElNémo was used to compare the flexibility of amino acids that are involved in binding with STRAD of both the 
native protein and the mutants. Table 3 depicts the flexibility of the amino acids in the active site of both the native 
and mutant proteins of STK11 by means of the normalized mean square displacement 〈R2

〉. These data were further 
sorted into three different categories of flexibility as shown in Fig 2. First one is where the 〈R2

〉 of the amino acids 
in the active site of the mutant was the same as that of the native protein (termed identical flexibility). The second 
category was where the 〈R2

〉 of the amino acids in the active site of the mutant was higher than that of the native 
protein (termed increased flexibility). The last category was where the 〈R2

〉 of the amino acids in the active site of a 
mutant was lower than that of the native protein (termed decreased flexibility). In this analysis, we found that fewer 
active sites of these 12 mutants have identical flexibility than have increased and decreased flexibility (Fig 2). 
However, some active site amino acids have increased flexibility than have decreased flexibility (Fig 2). Decrease 
in the flexibility creates an unfavorable reduction of conformational entropy and increase in flexibility creates a 
large loss in enthalpy (weakened native contacts) that is also unfavorable [18]. Thus the majority of the amino acids 
participating in STRAD binding of these mutants lost their flexibility, leading to a loss of binding efficiency with 
the STRAD.  
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Figure 2: Normalized mean square displacement <R2> of active site amino acids; Where the letter ‘A’ denotes 
amino acids with identical flexibility of both native and mutants; ‘B’ denotes amino acids with increased flexibility 
of mutants than native; ‘C’ denotes amino acids with decreased flexibility of mutants than native 
 

CONCLUSION 

Of the 39 variants that were retrieved from Swissprot, 37 variants were found less stable by I-Mutant2.0, 28 
variants were found to be deleterious by SIFT and 37 variants were considered damaging by PolyPhen. 26 variants 
were selected as potentially detrimental point mutations because they were commonly found to be less stable, 
deleterious and damaging by the I-Mutant 2.0, SIFT and PolyPhen servers, respectively. The structures of these 26 
variants were modeled and the RMSD between the mutants and native structures ranged from 0.25Å to 2.74Å. 
Docking analysis between STRAD and the native and mutant modeled structures generated ACE scores between -
73.51 and 455kcal/mol. Protein stability analysis of native and mutants exposed the variation in total energy from -
11049.088 to -17025.410KJ/mol, and stabilizing residues ranging from 3 to 11. Finally, we concluded that the 
lower binding affinity of 12 mutants (L67P, R86G, F157S, L160P, N181E, E199Q, G215D, S216F, E223V, 
W239C, Y272H and L285Q) with STRAD compared with native in terms of their total energy, ACE, stabilizing 
residue and RMSD scores identified them as deleterious mutations. Normalized mean square displacement 〈R2

〉 by 
normal mode analysis allows us to conclude that majority of  the active site amino acids in the mutants bind to 
STRAD had lost their flexibility which could be the cause for their decreased binding affinity. Thus the results 
indicate that our approach successfully allowed us to (i) consider computationally a suitable protocol on the basis of 
stability and structural information to predict the impact of a missense mutation (point mutation/ single amino acid 
polymorphism) on the protein function before wet lab experimentation (ii) provided an optimal path for further 
clinical and experimental studies to characterize STK11 mutants in PJS and other types of cancer in depth. 
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