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Abstract: In this work, the most detrimental missense maotetiof STK11 that cause Peutz-Jeghers Syndrome
and other types of cancer were identified compontatly and the binding efficiencies of those missemutations
with STRAD were analyzed. Out of 39 missense manati I-Mutant 2.0, SIFT and PolyPhen programs ifledt
26 variants that were less stable, deleterious dardaging respectively. Subsequently, modeling et¢h26
variants was performed to understand the changéein conformations with respect to the native STKdy
computing their root mean squared deviation (RMS3Rirthermore, the native protein and the 26 mutamie
docked with the STRAD to explain the binding efficcies of those detrimental missense mutations.ngntive 26
mutants, 12 mutants were identified as deleterlmased on the results of docking studies, RMSD scaral
stability analysis. Finally, normal mode analysetetmined that the loss of binding affinity of thek2 mutants
was caused by altered flexibility in the amino acidat bind to STRAD compared with the native grot&hus,
the present study showed that all the active sité@ acids in those 12 mutants displayed lossexffility, which
could be the theoretical explanation of decreasediry affinity between the mutant STK11 and STRAD.
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INTRODUCTION

The germline mutations in STK11 gene cause a ramgirdhntly inherited disease , Peutz —Jeghers symel(®JS)
[1,2] characterized by presence of gastrointestii@) hamartomatous polyps and mucocutaneous nmelani
pigmentation which is frequently expressed in 8psl oral area [3, 4, 5]. It is found that the haoraatous polyps
are commonly develop in small bowel, colon and tmeach, causing abdominal pain, bowel obstructiod a
severe gastrointestinal bleeding [10]. The riskdaéor cancer in PJS patients has been estimatée tL5 - fold
higher than the general population [6]. An increlassk for gastrointestinal (GI) and non gastrostitgal (non-Gl)
cancer is observed in PJS patients. Frequentlyrodbdes| targeted cancers include stomach, smalsiime, colon
and pancrease cancer, whereas cancers in bredstmefnial, ovary and lung tumours are frequent am-GI
targeted cancer [10].
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Mutations in the tumor suppressor gene STK11 onmmbsome 19p13.3 is the only known cause for PJS The
gene encodes for serine-threonine kinase whichahedtical role in regulating cell growth and apugs [7,8].
Many of the germline mutations in STK11 are smalktions or point/missense mutations and whictpegeent in
the STK11 catalytic kinase domain and minority aasithin its COOH- terminal non catalytic regiondathis will
result in STK11 protein reduction, loss or inadiiea [12,13].STK11 associates with the pseudokinfd$&®AD
(STe20-Related ADaptor) and the scaffolding MO2%(Me protein 25) in a 1:1:1 heterotrimeric compiegell
[14]. The catalytic kinase domain of STK11 is aated when pseudokinase domain of STRAD binds wdhith
leads to transport of STK11 to the cytoplasm [X&dntrasting to the majority of the protein kinasdsch are
regulated by phosphorilation, STK11 is activated bigding to STRAD and MO25 through an unknown,
phosphorylation-independent, molecular mechanis§1[4. Mutations in STK11 can lead to its inactivat
without affecting this complex assembly.

We investigated the detrimental missense mutatednSTK11 since there were 44 reported mutationsthics
protein and also many of the mutations were redariePJS and other types of cancer [10, 11]. Tineissense
mutations fall in to the category of non-synonym&NPs (nsSNP) which cause change in amino aciduesrhe
computational protocol was used to identify andymeathem and model structures were proposed ntatants.
The binding partner STRAD was docked with both tia¢ive and mutants of STK11 to determine the bigdin
effect and the nature of the flexibility in the 8ing pockets, which explained the decreased bindffigiency of
these missense mutations.

MATERIALS AND METHODS
Datasets

The protein sequence and variants (single amind polymorphisms/missense mutations/point mutatiafs)
STK11 were obtained from the Swissprot databasiseda at http://www.expasy.ch/sprot/. The subsettf each
Swissprot entry provides information on polymorpbhéciants. Some of the polymorphic variants magisease(s)

- associated by causing defects in a given protiiost of these polymorphic variants were nsSNPs1{no
synonymous SNPs) in the gene sequence and SABE(amino acid polymorphisms) in the protein segedi9,
20]. The 3D Cartesian coordinates of the proteiKBITwas obtained from Protein Data Bank with PDB2NYTK
[21] for in silico mutation modeling and docking studies based amndemtal point mutants.

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

We used the program I-Mutant2.0 (http: //gpcr. biap.unibo.it/cgi/predictors/IMutant2.0/ I-MutantZ@i) for this
study. I-Mutant2.0 is a support vector machine (§Nbdsed tool for the automatic prediction of protsfability
changes caused by single point mutations. I-Mut@rgedictions were performed starting either friw@ protein
structure or, more importantly, from the proteimsence [22]. This program was trained and tested dataset
derived from ProTherm [23], which is the most coeffamsive available database of thermodynamic enpetal
data of free energy changes of protein stabilitysed by mutations under different conditions. Thgpot files
show the predicted free energy change value or (@ig®), which was calculated from the unfolding Gibbsefr
energy value of the mutated protein minus the ulivigl Gibbs free energy value of the native prot{é&d/mol).
PositiveAAG values meant that the mutated protein has highbility and negative values indicate lower staili

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

The program, SIFT available at http://blocks.fharg/sift/SIFT.html [25], used specifically to detegeleterious
single amino acid polymorphisms. SIFT is a sequdmrrology-based tool, which presumes that impomamno
acids will be conserved in a protein family; theref changes at well-conserved positions tend tprédicted as
deleterious [24]Queries are submitted in the form of protein seqas. SIFT takes a query sequence and uses
multiple alignment information to predict toleratadd deleterious substitutions for every positiérthe query
sequence. SIFT is a multistep procedure that, if@nga protein sequence, (i) searches for simégusnces, (ii)
chooses closely related sequences that may shaiarsfunction, (iii) obtains the multiple alignmeof these
chosen sequences, and (iv) calculates normalizstubpilities for all possible substitutions at egqdsition from
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the alignment. Substitutions at each position withmalized probabilities less than a chosen cuatiadfpredicted to
be deleterious and those greater than or equaletautoff are predicted to be tolerated [25]. Thioff value in
SIFT program was tolerance indexxtf.05. The higher the tolerance index, the lesstiomal impact a particular
amino acid substitution would be likely to have.

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

Analyzing the damage caused by point mutationbestructural level is considered very importantimolerstand
the functional activity of the protein. The serfRalyPhen [26] available at http://coot.embl.deAPblen/ was used
for this purpose. Input options for the PolyPherveeare protein sequence, SWALL database ID oession
number, together with the sequence position of awino acid variants. The query is submitted infthven of a
protein sequence with a mutational position and &wdno acid variants. Sequence-based characterizafithe
substitution site, profile analysis of homologoesjisences, and mapping of the substitution sitentvk protein
3D structures are the parameters taken into acdyuRblyPhen server to calculate the score. Itutalles position-
specific independent counts (PSIC) scores for esfcthe two variants and then computes the PSICescor
difference between them. The higher the PSIC sdifference, the higher the functional impact a ipatar amino
acid substitution would be likely to have.

Modeling point mutation on protein structures to canpute the RMSD

Structure analysis was performed to evaluate thestsiral deviation between native proteins and miupgoteins
by means of root mean square deviation (RMSD). Wéle resource Protein Data Bank [21] was used totifge
the 3D structure of STK11 (PDB ID: 2WTK) and alsmfirmed the mutation position and the mutationdes in
PDB ID 2WTK. In order to calculate the RMSD for imatand mutant STK11 with STRAD, we used SWISSPDB
viewer for performing mutation, and NOMAD-Ref seryeerformed the energy minimization for 3D struetur
[27]. This server uses Gromacs as the default fiiete: for energy minimization, based on the methotisteepest
descent, conjugate gradient and Limited-memory 8eoyFletcher-Goldfarb- Shanno (L-BFGS) methods .[28]
The conjugate gradient method was used here tamzeithe energy of the 3D structure of STK11. Dijgrce of
the mutant structure from the native structure @dug caused by substitutions, deletions and imsef#9] and the
deviation between the two structures could alterftimctional activity [30] with respect to bindiedficiency of the
binding partner, which was evaluated by their RM&iues. We used the server SRide [36] for idemtyihe
stabilizing residues in native protein and in mutandel. Stabilizing residues were computed udiggparameters
such as surrounding hydrophobicity, long-range Qrsabilization center and conservation scoreessrnibed by
Magyaret al. [36].

Identification of binding residues in STK11-STRAD nteraction and computing atomic contact energy (ACIE

In order to understand the functional activity k3.1 with its binding partner STRAD we selected #ieB ID:
2WTK and performed the mutations by using SWISSPIMver and the energy minimization was done by
NOMAD-Ref. Finally, the program PatchDock was udedthe docking of the native and mutant STK11 with
STRAD to compute the atomic contact energy. Theedgithg principle of this server is based on molacshape
representation, surface patch matching plus filteand scoring [31]. It finds docking transformatathat yield
good molecular shape complementarity. Such tramsfions, when applied, induce both wide interfasas and
small amounts of steric clashes. A wide interfatgueed that include several matched local featwiréise docked
molecules that have complementary characteristare wicluded. The PatchDock algorithm divides tioally
dot surface representation [32, 33] of the molexit¢o concave, convex and flat patches. Then, temmgntary
patches are matched to generate candidate trarsdfons. Each candidate transformation is furthedueated by a
scoring function that considers both geometriaffitl atomic desolvation energy [33, 34].

To identify the binding residues between STK11 &TdRAD, we submitted the PDB ID: 2WTK, to the pratei
interface recognition server SPPIDER [35]. Thisveerintegrates enhanced relative solvent acceigiliRSA)
predictions with high resolution structural data. t8at it is used to predict residues to be atpiltative protein
interface(s) by considering single protein chaithwiesolved 3D structure, to analyse protein- fpnot®mplex
with given 3D structural information and to idegtiesidues 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 intgirs could be obtained from the mean square fdictns of
the atoms relative to their average positions. ddndiexibility is important for protein functior3ff]. In addition,
the flexibility of certain amino acids in a protem useful for various types of interactions. dtfound that the
increase in flexibility upon mutation is tend to loealized, whereas increase in rigidity are likedybe coupled to
remote structural sites. When a mutation occurstiecture subtly rearranges itself to maximize ¢m¢halpy-
entropy compensation [18]. Hence the flexibilifyamino acids in the binding site was computed ftbenmean-
square displacement <R2> of the lowest-frequencsnabmode using EINémo server [38].

RESULTS AND DISCUSSION
Data set from Swissprot

The STK11 protein and a total of 39 variants, ngm&l9D, V66M, L67P, R86G, R87K, G135R, F157S, L160P
G163D, Q170P, G171S, H174R, D176Y, 1177N, N181E94M, D194V, D194Y, E199K, E199Q, A205T,
D208N, G215D, S216F, E223V, T230P, F231L, S232P3%2 L245R, T250P, Y272H, D277Y, P281L, L285Q,
R297K, P314H, P315S and P324L were taken from $ws$39, 40].

Identification of functional missense mutants of SK11 by I-Mutant2.0

Of the 39 variants, 37 were observed as less stadie the [-Mutant 2.0 server as shown in the Tabl®©ut of
such 37 variants, 19 variants, viz., R86G, R87K3&R, Q170P, H174R, D176Y, N181E, D194N, E199Q, A205
D208N, S216F, E223V, T230P, S232P , T250P , D2P281L and P324L had showmAaG value of < -1.0,
the other 13 variants, viz., V66M, F157S, G163D,76(3, E199K, G215D, F231L, W239C, L245R, Y272H,
R297K, P314H and P315S shownAG value of > -1.0 ,and the remaining 5 variants, Y49D , L67P, L160P,
1177N ,and L285Q shown&AG value of > -2.0 were illustrated in Table 1.

Of the 37 variants that showed a negath#&G, variants Y49D and N181E changed its polar amioid &0
negatively charged amino acid, variant R86G charfiged positively charged to non-polar, three vaisaic135R,
L245R and P314H) changed from non-polar to positicharged amino acid. Six variants (F157S, G1T1%/N,
A205T, L285Q, and P315S) changed from non-polgdiar, variant E199K changed from negatively chdrge
positively charged, another variant E223V changethfnegatively charged to non-polar. Two variad4§3D,
G215D) changed from non-polar to negatively chardiee variants (Q170P, S216F, T230P, S232P andPR5
changed from polar to non-polar, and the variant§@Y, D194N, E199Q, D208N and D277Y changed their
polarity from negatively charged to polar. The matiY272H changed from polar to positively chargedno acid
and the remaining ten variants (V66M, L67P, R87K6QP, H174R, F231L, W239C, P281L, R297K and P324L)
retained their polarity. Indeed, by consideringyoaimino acid substitution based on physico-chenpecaperties,
we could not be able to identify the detriment&etf Rather, by considering the sequence conservalong with
the above said properties could have more advasitage reliable to find out the detrimental effeCimissense
mutations [41].

Predicting the deleterious missense mutants of STK1by SIFT program

The degree of conservation of a particular positiom protein was determined using sequence homdiaged
tool SIFT [25]. The protein sequences of the 39aves were submitted to SIFT to determine theierhce
indices. As the tolerance level increases, thetfomal influence of the amino acid substitution @&ses and vice
versa. Out of 39 variants, 28 variants viz., Y49D67P , R86G , G135R , F157S , L160P , G163D , HRL74
D176Y, 1177N, N181E , D194N, D194V, D194Y , BXO, E199Q , D208N , G215D , S216F , E223V , T230P
F231L , W239C , L245R , T250P , Y272H , L285Q arBRK were found to be deleterious having the toleea
index of< 0.05 (Table 1).

Among these 28 variants, 21 variants (Y49D , L6 A?135R , F157S, L160P , G163D , H174R , D176)7/N ,
N181E , D194N , D194V , D194Y , G215D , S216F 282 , W239C , L245R , Y272H , L285Q and R297K)
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showed a highly deleterious tolerance index scbfea®, six variants (R86G, E199K, E199Q, D208N3H2 and
T250P ) showed a tolerance index of 0.01 and th&amMaT230P showed a tolerance index score of 0.04
.Interestingly, 26 deleterious variants identif®dSIFT also were seen to be less stable by thatkiM2.0 server.

Predicting the damaged missense mutants of STK11 BolyPhen

Structural level alterations were determined byyPbken program. Protein sequence with mutationatiponsand

amino acid variants associated with the 39 singiatpmutants were submitted to the PolyPhen sedPSIC

score difference of 0.001 and above was consideree damaging. Of the 39 variants, 37 were saitheto
damaging by PolyPhen and these variants had a 5&i@ difference between 0.01 and 1.00. It wastodied

that the variants that were considered to be dargdnyy PolyPhen were also identified as less stapleMutant

2.0 server and deleterious according to the SlFiese

Rational consideration of detrimental point mutations

We rationally considered the 26 most potentialidetntal point mutations (Y49D , L67P , R86G, G139RL57S,
L160P , G163D , H174R , D176Y , I177N , N181E , BN9 E199K , E199Q, D208N, G215D , S216F , E223V
, T230P , F231L , W239C , L245R , T250P , Y272H28RQ and R297K) for further course of investigasion
because they were commonly found to be less stdbleterious, and damaging by the |-Mutant2.0, S#rd
PolyPhen servers respectively [22, 25,26]. We damed the statistical accuracy of these three progy I-Mutant
improves the quality of the prediction of the freeergy change caused by single point protein nunsitby
adopting a hypothesis of thermodynamic reversibiit the existing experimental data. The accurdqgyrediction
for sequence and structure based values were 78P084% with correlation coefficient of 0.56 and Q.69
respectively [42]. SIFT correctly predicted 69%tloé substitutions associated with the diseaseadtff@tt protein
function. PolyPhen-2 evaluates rare alleles at pmtentially involved in complex phenotypes, depsakapped
regions identified by genome-wide association &sidand analyses natural selection from sequerteg where
even mildly deleterious alleles must be treatedla®aging. PolyPhen-2 was reported to achieve aofateie
positive predictions of 92% [42-45]. To obtain psecand accurate measures of the detrimental edfecur
variants, comprehensive parameters of all thessetprograms could be more significant than indigidiool
parameters. Hence, we further investigated thesgmstal missense mutations by structural analysis

Modeling the mutant structures and computing RMSD alues

The available structure of STK11 is PDB ID 2WTK.eTimutational position and amino acid variants weapped
onto 2WTK native structure. Mutations at a spediffosition were performeth silico by SWISSPDB viewer
independently to obtain a modeled structure. NOMRE&F-server performed the energy minimizations, doth
native structure and the 26 mutant modeled strestufo determine the deviation between the nativetsire and
the mutants, the native structure was superimpegdd all 26 mutant modeled structures and calcdlate
RMSD. The higher the RMSD value, the more deviatimre is between the native and mutant structunesh in
turn changes the binding efficiency with the bindimartner because of deviation in the 3D spacé&etbinding
residues of STK11. Table 2 shows the RMSD valueséive structure with each mutant modeled strnectOf
the 26 mutants, 16 mutants (Y49D , L67P , R86G 74RL, I1177N , D208N , S216F , E223V , T230P , F231L
W239C , L245R , T250P , Y272H , L285Q and R297K)ikited a higher RMSD >2.00 A as illustrated in Teap
and the other mutants exhibited an RMSD betweeh A.and 1.99 A .The superimposed structure of eatiith
mutants R86G, N181E and Y272H are also shown irLFig

The total energy for the native type structure feasd to be -16734.766KJ/mol. Of the 26 mutantsyiants
had higher total energy than native, ranging frdrh049.088 to -16723.133KJ/mol as shown in Tabl®ther
eight mutants (G135R, H174R, 1177N, D194N, D208I830P, L245R and T250P) found to be with decreased
total energy than native. These 8 mutants mighbeatontributing to the change in stability of pretein as some

of the mutations give more stable but less actir@emn. Higher the total energy, less stable wik fprotein
structure be.
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Table 1 List of variants that were predicted to beunctionally significant by I-Mutant 2.0, SIFT and PolyPhen

Variant AAG Tolerant PSIC SD
index
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
177N -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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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

Letters inbold indicate less stable, deleterious and damaging

by I-Mutant, SIFT and PolyPhen, respectively
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Table 2 RMSD, total energy and stabilizing resides for native and mutants of STK11

Variant RMSD Total No. Stabilizing Residues ACE
(A Energy | of SR Kcal/mol
(KJ/mol)
Native 0.00 |-16734.766| 9 Ala (30), Lys (32), lle (33), Met 53.31
(80), Cys (85), Gly (86), Leu (134),
Lys (142),lle (143)
Y49D 2.59 |-16678.254| 11 Ala(30), Val(31)Lys(32), lle(33), 441.93
Lys(35), Tyr(77),Cys(85),
Gly(86), Leu(134), Lys(142),
lle(143)
L67P 2.08 |-16517.932| 6 Ala(30), Val(31)Lys(32), lle(33), 168.55
Leu(34),1le(143)
R86G 2.70 | -16456.994| 7 Ala(30),val(31),Lys(32), lle(33), 81.96
Lys(142), lle(143),Thr(200)
G135R 191 |-16980.611 5 Ala(30),val(31),Lys(32), lle(33), 58.02
Lys(142)
F157S 1.92 | -16626.852| 7 Ala(30),val(31),Lys(32), lle(33), 159.49
Lys(142),Phe(170), Ser(191)
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), lle(33), 415.86
Gly(114), Leu(141)Lys(142),

1258
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lle(143), Asp(188)
D176Y 0.25 |-11049.088 3 Ala(30),val(31),Lys(32) 12.54
177N 2.00 |-16791.643 7 Ala(30),val(31),Lys(32), lle(33), 149.88
Met(80), Lys(142),Asp(188)
N181E 1.97 | -16520.436| 7 Ala(30),val(31),Lys(32), lle(33), 323.02
Cys(85), Gly(86),le(143)
D194N 1.99 |-16878.275 11 Ala(30),val(31),Lys(32), lle(33), 349.11
Cys(85),Gly(86),Gly(114),
Leu(134), Lys(142), lle(143)
E199K 1.86 | -16630.598 11 Ala(30),val(31),Lys(32), lle(33), 26.14
Met(80), Cys(85),Gly(86),
Leu(134), Lys(142),lle(143)
E199Q 1.84 |-16723.133] 7 Ala(30),Val(31),Lys(32), 1le(33), 85.24
Met(80), Lys(142), lle(143)
D208N 270 |-17025.410, 6 Ala(30),val(31),Lys(32), lle(33), 70.74
Lys(142), lle(143)
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), lle(33), 365.67
Met(80), Lys(142), lle(143)
E223V 2.00 |-16612.900, 8 Ala(30),val(31),Lys(32), lle(33), 283.63
Met(80), Cys(85), Lys(142),
lle(143)
T230P 2.52 | -16783.074 6 Ala(30),val(31),Lys(32), lle(33), -73.51
Lys(142), lle(143)
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F231L

2.05

-16665.414

Ala(30),val(31),Lys(32), lle(33),
Leu(34),Met(80), Cys(85),
Lys(142), lle(143)

335.25

W239C

2.16

-16642.031

Ala(30) Val(31), Lys(32), 1le(33),
Lys(142), lle(143)

343.05

L245R

2.74

-16971.711

Ala(30), Lys(32), lle(33), Cys(85),
Gly(86), Leu(134), Lys(142),
lle(143)

0.09

T250P

2.58

-16805.973

11

Ala(30),val(31), Lys(32), lle(33),
Cys(85),Gly(86)Lys(97), Arg(98),
Leu(134), Lys(142), lle(143)

183.49

Y272H

2.63

-16664.336

Val(31),Lys(32), lle(33),
Cys(85),Gly(86), Leu(134),
Lys(142),Thr(200)

74.26

L285Q

2.05

-16699.883

Ala(30),Val(31), Lys(32), lle(33),
Lys(142), lle(143)

202.69

R297K

2.58

-16407.490

10

Ala(30),val(31),Lys(32), lle(33),
Cys(85), Gly(86), Leu(134),
Lys(142), lle(143)GIn(171)

451.48

RMSD - root mean square deviation; SR-Stabilizing Residlie common stabilizing residues are shown id;bol
ACE-Atomic Contact Energy
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Table 3 Comparison of normalized mean square disptment of binding residues of native protein and ntants

1261

BR Native | L67P R86G F157S L160P | NI181E| E199Q| G215D | S216F |E223Vv |W239C |Y272H |L285Q
Normalized mean square displacemeriR?)

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 0.007p  0.03370.0062 | *0.0053 | *0.0052| *0.0045 0.0062
Thr71 | 0.0071| *0.0063] *0.0058 0.0075 | 0.0298| 0.0079 0.008F 0.0304 | *0.007 | *0.0065| *0.0063] *0.005§ 0.0074
Leu72 | 0.0060| *0.0058| *0.0053 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
GIn112| 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
Vall33| 0.0030| 0.0037 | 0.0035| 0.0033 0.014f1 0.0033 0.003%.0139 | 0.0032 | 0.003 | 0.0031 | 0.0036| 0.0033
Thrl86| 0.0050| 0.0055 | 0.0053] 0.00513 0.014p 0.00%2 0.0059.0139 | 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 0.006p 0.00690.0058
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
lle322 | 0.0053| 0.0053| 0.0053 0.0058 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 0.007
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 0.018[L*0.0044 | 0.0077 0.02 | *0.0051 | 0.0061 | 0.006 | *0.0057| 0.0067
Leu341 0.0042| 0.0047 | 0.0046| 0.0044 0.032P*0.0017 | 0.0061 | 0.0342| *0.0027 | 0.0046 | 0.0046| *0.0041 | *0.0053

BR-Binding Residues; Bold numbers indicate amindsawith increased flexibility in the mutant comedrwith the native protein; * mark
indicates amino acids with decreased flexibilitghie mutants compared with the native protein
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Figure 1. Pymol view of (A) superimposed structure of the mutant R86G (blvéh native (cyan) B)
superimposed structure of the mutant N181E (mayemith native (cyan)(C) superimposed structure of the
mutant Y272H (yellow) with native (cyan)

(©)

Computation of stabilizing residues

In order to understand the stability of the nativel mutant structures furthermore, we used the eSRadver [36].
It can be seen from Table 2 that 9 stabilizingdess were identified in native structure. The vagaY49D,
D194N, T250P and E199K found more number of stabij residues than in native, i.e. 11 stabiliziegidues.
Two mutants H174R and F231L were identified witk #ame number of stabilizing residues of native thed
mutant R297K identified with 10 stabilizing residu@he remaining 19 mutan(s67P, R86G, G135R, F157S,
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L160P, G163D, D176Y, 1177N, N181E, E199Q, D208N16R, S216F, E223V, T230P, W239C, L245R, Y272H
and L285Q) were found to be less in number of Biitig residues than the native structure. Onlytabitizing
residues were present in the mutants L160P, G18806Y and G215D and which is found to be the lowest
number of stabilizing residues among the other ntata wo stabilizing residues namely Ala(30) and(32) were
found to be common in native and these mutantsliiide 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 witAfSAD, the PDB ID 2WTK structure was selected, anel t
program SPPIDER was used to calculate contactseeetwhe binding residues of STK11 and STRAD. Is thi
analysis we found that, 20 amino acids viz., Le),(heu (67), Ser (69), Glu (70), Thr (71), Leu ),7€ys (73),
Arg (28), Arg (62), GIn (112), Val (133), Thr (186%ly (187), Lys (312), Pro (321), lle (322), Arg3{) , Val
(337), Val (338) and Leu (341) act as bindingdess in STK11- STRAD interaction (Table 3).

Docking was performed using the PatchDock servievden STRAD and the native and mutant modeled tsires

of STK11 to determine the binding efficiency in tloeem of the Atomic Contact Energy (ACE).The ACEween
STRAD and native STK11 was found to be 53.31kcdl/five of the mutants namely G163D, D176Y, E199K,
T230P and L245R were found to be with increasedibaffinity in terms of ACE. This might be a rétsof the
3D conformation of STRAD, which had a comfortabterfto the 3D space of the binding residues oféhmutants
as compared with the native. All the other mutamse found less binding affinity with STRAD tharethative
STK11 in terms of ACE (Table 2) ranging from 58t62155kcal/mol.

The mutants with increased total energy, RMSD, eesd number of stabilizing residues and low bpdiffinity
only chosen for the further work. Thus, 12 mutgh®7P, R86G, F157S, L160P, N181E, E199Q, G215D6521
E223V, W239C, Y272H and L285Q) were selected ag there satisfying all the parameters above mentione
Moreover these mutants were commonly found toelss ktable, deleterious and damaging by the I-rmatan
SIFT and PolyPhen servers respectively. These Utants were also confirmed as detrimental by erpamtal
and clinical observations performed elsewhere. @lstsdies did not use structural and binding aiskyst rather
used molecular genetic analysis, population prexaleand epidemiology survey [10-14 and 47-51]. l@f 12
mutational residues, 8 residues namely L67, RBGINE199, G215, S216, E223, Y272 were also idedtifis
surface accessible residues [15] which contribotere to their candidature of deleterious mutatismany of the
disease related mutations lie in the solvent addessegion of the protein [45,46]. Hence we furthesestigated
the 12 detrimental point mutations by normal mooiaysis to understand the flexibility of the actsite region for
the native and mutant structures.

The majority of amino acids in active site show lasof flexibility

To understand the variation of STRAD binding effieiy of the 12 detrimental missense mutationsptbgram
EINémo was used to compare the flexibility of amawids that are involved in binding with STRAD afth the
native protein and the mutants. Table 3 depictdléxébility of the amino acids in the active sitéboth the native
and mutant proteins of STK11 by means of the nde@dlmean square displacemérb. These data were further
sorted into three different categories of flexiyilas shown in Fig 2. First one is where ¢R® of the amino acids
in the active site of the mutant was the same asahthe native protein (termed identical flexiy). The second
category was where tH&?) of the amino acids in the active site of the mutaas higher than that of the native
protein (termed increased flexibility). The lastagory was where th@?) of the amino acids in the active site of a
mutant was lower than that of the native proteénniied decreased flexibility). In this analysis, faend that fewer
active sites of these 12 mutants have identicailfiity than have increased and decreased flagb{Fig 2).
However, some active site amino acids have inctefisribility than have decreased flexibility (F&). Decrease
in the flexibility creates an unfavorable reductiohconformational entropy and increase in flexipicreates a
large loss in enthalpy (weakened native contahtg)is also unfavorable [18]. Thus the majoritylhad amino acids
participating in STRAD binding of these mutantst ltseeir flexibility, leading to a loss of bindindfieiency with
the STRAD.
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Figure 2: Normalized mean square displacement <R2> of adliteeamino acids; Where the letter ‘A’ denotes
amino acids with identical flexibility of both na& and mutants; ‘B’ denotes amino acids with insegbflexibility
of mutants than native; ‘C’ denotes amino acid$iwlicreased flexibility of mutants than native

CONCLUSION

Of the 39 variants that were retrieved from SwisgpB7 variants were found less stable by |-Mutdnt28
variants were found to be deleterious by SIFT and&iants were considered damaging by PolyPhernafiénts
were selected as potentially detrimental point timeia because they were commonly found to be ledsles
deleterious and damaging by the I-Mutant 2.0, SARd PolyPhen servers, respectively. The struchfrésese 26
variants were modeled and the RMSD between thentsuand native structures ranged from 0.25A to R.74
Docking analysis between STRAD and the native anthrt modeled structures generated ACE scores bptwe
73.51 and 455kcal/mol. Protein stability analydigative and mutants exposed the variation in tetedrgy from -
11049.088 to -17025.410KJ/mol, and stabilizing dess ranging from 3 to 11. Finally, we concludedt tthe
lower binding affinity of 12 mutants (L67P, R86G13YS, L160P, N181E, E199Q, G215D, S216F, E223V,
W239C, Y272H and L285Q) with STRAD compared withive in terms of their total energy, ACE, stabitigi
residue and RMSD scores identified them as detetennutations. Normalized mean square displacet®nby
normal mode analysis allows us to conclude thabritgjof the active site amino acids in the musabind to
STRAD had lost their flexibility which could be tlewause for their decreased binding affinity. Thius tesults
indicate that our approach successfully allowetby$ consider computationally a suitable protooolthe basis of
stability and structural information to predict tinepact of a missense mutation (point mutationgleimmino acid
polymorphism) on the protein function before wei Experimentation (ii) provided an optimal path forther
clinical and experimental studies to characterie& B mutants in PJS and other types of cancerthde
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