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Abstract

TheLRRK2 gene ILeucine-Rich Repeat Kinase 2, PARKS) is mutated in a significant number of casé
autosomal dominant Parkinson's disease (PD) asdne sporadic cases of late-onset PD. LRRK2 is a
large, complex protein that comprises several @&t#wn domains: armadillo, ankyrin, leucine-rich
repeats and WD40 domains; two catalytic domainsCR&X Pase and serine/threonine kinase; and a
COR domain (unknown function). Pathogenic mutatiaresscattered all over the domains of LRRK2,
although the prevalence of mutations in some dosnigihigher (ROC-GTPase, COR and kinase). In this
work, we modethe structure of each domain to predict and expglweesffects of described missense
mutations and polymorphisms. The results allowoysastulate the possible effects of pathogenic
mutations in the function of the protein, and hysize the importance of some polymorphisms that
have not been linked directly to PD, but act dsfiagstors for the disease. In our analysis, we siady

the effects of PD-related mutations in the kinasmain structure and in the phosphorylation of the

activation loop to determine effects on kinasevégti
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Introduction

Parkinson's disease (PD) is a neurodegeneratigedéiscaused by genetic and environmental
factors. Clinic features are resting tremor, brawgkia, rigidity and postural instability, causedtbe
progressive loss of dopaminergic neurons insthostantia nigra of the central nervous system (CNS).

To date, 130ci associated with the appearance of several variditite disease have been
identified [1]. In 2004, our group identified mutats in theL RRK2 gene [eucine-Rich Repeat Kinase 2,
PARKS8, MIM# 607060) as being responsible for some formBDf[2]. Its gene product (dardarin or
LRRK?2) is a multidomain protein of 2527 amino ac#h an approximate molecular weight of 280
kDa. The function of this protein is not fully knawalthough several studies have indicated a role i
vesicle traffic, cytoskeleton dynamics, signal s@dunction, translation regulation, apoptosis, oxidat
stress response and mitochondrial function. Fumbeg, there is evidence to suggest a common pathway
with a-synuclein (MIM#163890), parkin (MIM# 602544) andU (MIM# 157140) in PD [1]. Today it
is considered that some specific mutations (e.B1441G/C or p.G2019S) are a major cause of the
disease since they are responsible for approxignatdPo of cases in Caucasian populations [3]. The
phenotype associated with these mutations is lasetd®D, commonly indistinguishable from the
idiopathic disease. Moreover, the neuropathologgpaated with LRRK2 mutations is variable,
suggesting that this protein is involved in sevpathways. Dardarin-associated PD causes loss of
dopaminergic neurons and sometimes abnormal acetionbf ubiquitinated proteins, maindy
synuclein and occasionally hyperphosphorylated4fu

LRRK2 comprises several independent domains, somdnich are typically involved in
protein-protein interaction: armadillo (ARM), ankyi(ANK), leucine-rich repeats (LRR) and WD40
domains. The N-terminal region of LRRK2 containseseankyrin-type repeats that form the ANK
domain. In addition, 13 leucine-rich repeats (LRBYdalso been identified in this region. This domain
participates in interactions with other protein®tigh the extensive surface with accessibity to the
solvent. There have also been predicted C-termapaats that form a WD40 domain [5]. The presence
or absence of the armadillo domain in the N-teririiaa been a controversial matter, but recent ssudi
conclude that LRRK2 contains armadillo-type repéaRM-like) [6]. Moreover, LRRK2 encodes two
enzymatic activities: kinase and GTPase. The GTBasain belongs to the ROCO family, with the
GTPase typically in tandem with a COR domain. TheCRGODR (ROCO) module is conserved

throughout evolution, suggesting the functionatidependence of the two domains [6]. Activatiothef



kinase domain (KIN) probably occurs by phosphoigtatn a sequence of 25-30 amino acids loop that is
flanked by conserved motifs DF/YG and APE, whosd@mnation changes to allow access to the
substrate [5]. These conformation changes may logaeel by molecular interactions such as hydrogen
bonds [7].

Some authors have proposed that LRRK2 predominfortilys a dimein vivo that autoregulates
itself by phosphorylation, and it seems that dizedion takes place through several LRRK2 regions, bu
the exact parts involved in this phenomenon reraatiear [8]. Some authors postulate that the ROCO
domain is critical, but not exclusive, to dimeripat[9]. Although other proteins of the ROCO family
form dimers through COR-COR interactions [10], thegeractions were not observed in LRRK2, and
there is evidence for ROC-ROC interactions obtainech three-dimensional structures [11]. This model
suggests that residues R1441 and 11371, assowite®D, are located on the dimerization surfacg an
stabilize the dimer.

At least 20 mutations linked to autosomal domirgidt and approximately the same number for
sporadic PD, have been described. Mutations in LRBi¢2Zhe most common genetic cause of autosomal
dominant PD, especially in certain populations [T2je p.G2019S mutation has been detected in 5-6%
of familial PD, and in 1-2% of sporadic cases. Tgsvalence can be higher in specific populatiarth s
as Ashkenazi Jews and Arabs from North Africa. @ardmutations are found mostly at the C-terminal
half, suggesting that it is more important at actional level. However, some are also found inNke
terminal region along the ARM, ANK and LRR domaiasd some authors have postulated that
mutations in these domains can interfere, similerithose in WD40, with the binding to other proteor
molecules [5]. The most studied mutations are tlfimsed in catalytic domains. p.G2019S gives risa to
hyperactive kinase, increasing autophosphorylaimhphosphorylation of generic substrates [13]e©th
mutations commonly found in patients with PD, sastp.R1441G/C, which affects the GTPase domain,
appear to reduce this activity, but enhance kisasgity [4], whereas the p.R1441H mutation intsgbit
this activity. In the WD40 domain, the p.G2385R atiain has also been described as attenuating kinase
activity [14]. There have also been reports th#t@genic mutations p.R1441C, p.Y1699C or p.G2019S
cause neuronal degeneration, protein aggregaiagacytoplasmatic inclusions in cultured neurdlsce
[15], as well as increased apoptosis [16]. In gaindne overexpression of mutant LRRK2 causes lbss o
viability, whereas inactivation of the kinase redsithis toxicity [15]. However, the influence offdrent

amino acid substitutions in protein kinase actiistgontroversial, and the mechanisms by which atamd



mutations cause PD appear to be complex and chermtplained only by kinase activity. In this work,
we intend to provide new evidence for and an apat@framework to determine the pathogenicity of
the genetic variants in dardarin by performingrasilico analysis of the variants described as pathogenic

or polymorphic.

Methods

The tertiary structure models were performed by eeget homology using EasyModeller [17]
with default settings for the LRR, COR and KIN dansa for which a suitable template was found. The
rest of the domains were modeled by threadingielOMETS meta-server

(http://zhanglab.ccmb.med.umich.edu/LOME)N®ith default settings, and by the best model ioletd,

based on the z-score and the absence of unfoléad.arhe alignments of the templates and the LRRK2
sequences, as well as the percentage of simikamitythreading parameters, are showsuppl. Fig. 1. A
Mutational analysis was performed, as previousicdbed [18], for the missense substitutions dbscri

in these domains according to the Human Gene Mumt&atabasehftp://www.hgmd.cf.ac.uk To view

and edit the structures, we used the PyMOL softflaetano Scientific Inc). The structures obtained fo

each wild-type domain were deposited in the Pratéidel Databasehftp://mi.caspur.it/PMDB/ For

the phosphorylation motif analysis, we used GPStp://gps.biocuckoo.org/online.phand

NetPhos/NetPhoskhttp://www.cbs.dtu.dk/services/NetPhos/

http://www.cbs.dtu.dk/services/NetPho¥K#or the analysis of stability and function/paghbicity

alterations, several methods were used [19-27}l@mdesults are provided Buppl. Table 1 andSuppl.

Table 2. Those results that were coincident in at least 3b%e analyses were accepted.

Results

To predict the structural effects of the PD-relatadations, the structure of each LRRK2
domain and the possible alteration caused by eésdense mutation were analyZedilico. Previously,
as some domain definition, and even the presenabsance of the ARM domain, is controversial [5-6],
we also carried out a redefinition of the domainnmaries based on the predicted, or previously
resolved, tertiary structures. The results obtafiégl 1) indicate the presence of the ARM domain, and
also some differences from other works [5] in aegidomain definition. So the COR and KIN domains
were 54 and 8 amino acids smaller than expectsgeotively, whereas the LRR and ROC domains were

respectively 5 amino acids bigger than previousiyadibed.



Afterward, we predicted the effect of the missemsgations related to POFig. 2) in secondary
and tertiary structures, on the electrostatic s@;fin polar contacts and charge distribution, el as
stability, function alteration and possible pathuigiy.

ARM domain

According to the model obtaine8uppl. Fig. 2a), this domain is formed by 2i-helices
grouped into threes to form supercoils and areelinry loops to form a curved structure where loops
were more exposed to the solvent. The tertiaryctira prediction was made by threading, and the bes
model obtained was selected by usingahmportin of Saccharomyces cerevisiae as a template (PDB ID
1wa5B). This domain contains three described amaid substitutions: p.A211V, p.E334K and
p.N363S. Whereas no significant change was obsdovete p.A211V substitution, the results showt tha
the p.E334K mutation, described as PD-associaffatited the electrostatic surface and charge
distribution in this domainSuppl. Fig. 2a). The p.N363S mutation determined the loss of twdrdgen
bonds with H365 and V366, which were in@helix near a loopSuppl. Fig. 2a), and which may affect
its flexibility and stability Table 1). This amino acid substitution also generatedgetanotif for
PRKG1 Fig. 3a), which performs important functions in nervoustsyn development and regulation,
and has been related with axon branching and eetldhgation [28].

ANK domain

This domain is formed by 1d-helices linked by loops that are more exposetiecsblvent
(Suppl. Fig. 2b). The three-dimensional model of this domain washythreading using the human
gankyrin (PDB ID 1uohA) as a template. In this doméour substitutions, p.M712V, p.P755L, p.R793M
and p.1810V, are described. Of those, p.M712V aillpV were not clearly associated with PD [29].
Nevertheless, and as seeMable 1 andSuppl. Fig. 2b, the p.M712V model showed that this mutation
would affect both protein stability and the elestatic surface. Moreover, p.P755L and p.R793M were
described as being PD-related. The former affectejr stability Table 1), whereas the latter alters the
function, charge distribution and electrostatidace Table 1 andSuppl. Fig. 2b). These effects noted
on the electrostatic surface have been previousigigted by other authors [30].

LRR domain

The tertiary structure of this domaiBuppl. Fig. 3) was modeled by homology using Lingol as

a template (PDB ID 2id5C). The model shows that tlimain is composed of 13 parafletheets linked

by large loops to form a curved structure thatighly exposed to the solvent. Similar results hibgen



previously described for this domain [31]. Eightiamacids substitutions were described along this
domain, four of which were considered to be pathage.Q1111H, p.11122V, p.11192V and p.S1228T.
The p.R1067Q polymorphism caused the loss of aipesibarge, the alteration of the electronic swafac
and it altered domain stabilitgppl. Fig. 3). The effects of this mutation on the surface ghdrave
been previously hinted at by other authors [30-@therwise, p.Q1111H, p.11122V and p.S1228T
affected the stability of the domain, p.L1165P a&itkthe function of the proteiif éble 1) and p.A1151T
caused the appearance of a hydrogen bond with gKEuppl. Fig. 3), belonging to a near loop, which
could imply increased rigidity between these logpR1067Q, p.Q1111H, p.I11122V, p.11192V and
p.S1228T have been previously predicted as bergjifed at the hydrophobic core of the domain, and
could affect interaction with other proteins, butheut affecting the structure [31].

Pathogenic mutation p.S1228T introduced a motiM&P3K7 (Fig. 3a), which is involved in
neurite outgrowth and neuronal death [32]. Thisararalso affected the distribution of the hydrogen
bonds Suppl. Fig. 3), so p.S1228 formed hydrogen bonds with S120330Ehd S1250, while p.T1228
did so only with S1203 and N1230, which could weetteat with the loop, which contains S1250.
Substitution p.H1216R implied a gain of a positivarge on the domain surfadéable 1 andSuppl.

Fig. 3). No significant changes were detected for p.ST0&6d p.11192V.

Polymorphism p.A1151T also introduced a phosphdoraiotif for several kinase§ig. 3a),
as GSK3, which phosphorylates Tau to produce amydetd peptides in Alzheimer’s disease, is
necessary for axon formation [33].

Although p.11192 has been described to be pathodsnNichols and colleagues [34], no clear
evidences for this association has yet been prdweeause diagnosis in some cases is unclearnd o
two of the four affected members of the family wdould be tested present this change. Besides, major
changes were caused by polymorphisms p.R1067Q.aadgbP Table 1 andSuppl. Fig. 3), so
perhaps these mutations should be studied further.

ROC domain

The structure of this domain was solved by X-rggstallography in 2008 (PDB ID 2zej) [11],
and comprises sif-sheets and five-helices. We modeled and analyzed the differenstiutions
described for ROC by homology using this strucase template. This domaifig. 4a) is formed by
five a-helices and sig-sheets that are linked by loops exposed to theesblEight amino acid

substitutions are described in this domain, andgixassociated with PD; of those, three affecséme



residue, p.R1441. As shownhig. 4a, the three changes at this position implied Idss mositive charge
and affected the domain surface. These mutatianerathe dimerization surface and probably hinidisr t
process. This amino acid is probably involved imfimg hydrogen bonds between two monomers of
LRRK2 to stabilize the dimeSuppl. Fig. 4), as previously proposed [11]. Loss of p.R1441 ietpthe
loss of these bonds with p.F1401 and p.T1404 abttimer monomer. According to our results, the three
mutations on R1441 had an effect on protein stgbifhereas only p.R1441C/G affected the function
and were predicted as pathogenic. However, the4dlR1 mutation had a drastic effect on the tertiary
structure as it introduced torsion into this domaimd changed the inner and outer angles, as wéital
domain lengthKig. 4b), and probably difficult dimerization, similarlp .R1483Q, which was not
described as pathogenic. p.11371V and p.R1514(bapparent structural effects, but were preditied
cause stability change§dble 1). According to our results, p.K1468E was prediasdunctionally
altered/pathogenic, and it changed the chargehiision (Table 1) and the electrostatic surface of this
area Fig. 4b). No significant changes were detected for p.AR142

It is remarkable that almost all the substitutidescribed for this domain were associated with
PD and that almost all of them were predicted tmlpce marked effects on the domain structure, lgjabi
or function, which were especially obvious for thatations at position 1441. This demonstrates the
importance of this domain in the function of thistein, if it affects its activity and/or bindind o
substrates, or if it affects the dimerization & firotein.
COR domain

The structural model of this domain was performgd¢hdmology using the previously solved
structure (PDB ID 3dpuA) as a template for the hlmgous domain in prokaryote. tepidum [10].
According to this model, the domain is composedinéa-helices and sig-sheets that are linked by
loops exposed to the solveRid. 4c). The N-terminal region contains sixhelices and two smaf-
sheets, while the C-terminal region has thrdelices and four consecutive antiparafledheets. The
prediction for human COR differed primarily frometbrokaryote homolog in its C-terminal half, aneare
responsible for dardarin dimerization@tepidum, thus supporting that in human dardarin, dimeigrat
occurred through its ROC domain, as previously pseg [11]. For this domain, there were two PD-
related mutations, p.R162&Rd p.Y1699C, and other six coding substitutions, af them at position
p.R1728. The models show that pathogenic mutatiBA§28P was predicted as sutilalfle 1), and that

it drastically altered the secondary structuréhefdomain by abolishing the formation of t«sheets



with, in addition, loss of a positive charge andmffes in the electrostatic surfagalfle 1 andFig. 4c).
Mutation p.Y1699C was also predicted as being fonelly altered Table 1), with a slightly altered
electrostatic surfacé-{g. 4c). Furthermore, p.R1725Q and p.R1728H affectedlgtatand the latter also
affected the protein function. For these two changs well as for p.R1728L, the models reveal léss 0
positive charge together with the alteration todheetrostatic surfacd @ble 1 andFig. 4c). No
significant changes were detected for p.V1613A@hd795F.

As in the ROC domain, almost all the substitutidascribed in the COR domain affected
stability, function or structurel@ble 1 andFig. 4c). The reason why only p.R1628P and p.Y1699C were
associated with PD could be that they are at tteeface with the ROC domain, and could therefore
affect the signal transduction between the GTPad&imase domains [10]. This seems especially
obvious for p.R1628P, which abolished the formatbtwo p-sheets and removed a positive charge in
this area, which probably made the interactionstaadiomain structure especially difficult.

One mutation that has been recently describethfedomain (p.S1761R) [35] presents a
homolog residue i€. tepidum (S852). Previous results obtained with our modgbgst that this
mutation can affect dimerization through this dam{&5].

KIN domain

According to the model obtaine8uppl. Fig. 5a andFig. 5), this domain is formed by seven
helices and sig-sheets linked by loops, which are exposed to ¢hesat. The structure model was
performed by homology using the Roco4 kinase dorfRidB |IDs 4f0f, 4fog, 4f1m and 4f10), a protist
homologous protein whose kinase domain was receotled, [36] as a template. Six mutations have
been broadly described in this catalytic domaiR1841H, p.Y2006H, p.12012T, p.G2019S, p.12020T
and p.T2031S.

The effect of amino acid substitution in the aciwatioop is particularly interesting as this loop
regulates kinase activity. In fact, the most freguautation in PD, p.G2019S, is found in this loapd
has been demonstrated to give rise to enhancedekadivity [37,14,38]. There are two plausible
explanations for this; introducing a phosphorylatsite (most of the mutations introduce an S oy arT
stabilizing active or inactive forms by hydrogemts [36]. Note that these possibilities are notwesice,
so the phosphate group could also alter the hydrbgad distribution. In this work, we analyzed both

possibilities.



The p.G2019 equivalent amino acid in Dietyostelium discoideum Roco4 kinase domain has
been proposed to introduce a hydrogen bond with§ilB, which stabilizes the active form. This
interaction cannot occur in the inactive form asremacids are located too far away from each amothe
[36]. We modeled the human domain using this stinecas a templaté-ig. 5) and also found an extra
hydrogen bond in the active forri@. 5a), but with p.Q1919. The p.S2019 variant introduaacextra
bond between itself and p.12020, which could sttieeig the polar contacts. p.T2031S substitutioncivhi
has been described to increase the active kinase[88], also introduced an extra hydrogen bondgctvh
could stabilize this formHig. 5a). In turn, p.I12020T formed an extra hydrogen bamklich could
stabilize the inactive forniHg.5b). Some authors have described this form as an §&fjeor an
overactivated kinase [37], whereas other studigs dascribed greater ATP-affinity and kinase agtivit
in this variant [39].

The p.12012T variant, near the catalytic loop, shoae@xtra hydrogen bond in both the active
and inactive forms, but with different amino ac{éigg. 5c and5d), which seemed to contribute to
maintain conformation. In the active conformatitipound to an amino acid of one helix involved in
substrate recognitior{g. 5¢), while it bound to the same loop in inactive ayniation Fig. 5d).

p.12012T, p.G2019S and p.12020T are suggestediag pathogenic and are in the activation
loop of the kinase domaisppl. Fig. 5a), and they introduce or change phosphorylationfs(fig.
3b). Thus, the p.12012T mutation removed a putativesphorylation motif for EGFR/AIk tyrosine
kinases, but introduced a new motif for the PRKGARZK2 serine/threonine kinases. Otherwise,
p.G2019S introduced new motifs for JAK3/BLK tyroskiaase and PKA serine/threonine kinase.
Finally, p.12020T created target motifs for BLK tynos kinase and TAK1 serine/threonine kinase,
without affecting the EGFR/Alk motif. The fact thhe different mutations altered several recognition
targets is particularly interesting if we consitleait the activity of protein kinases is usuallyuleged by
the phosphorylation of the activation loop, and 8wamne of these mutations have been described as
possessing increased kinase activity. Besides 0812, which is also in this loop, forms part of an
autophosphorylation target motiFi. 3b) that is also related with kinase activity regiaiatf40]. In fact,
although T2031, S2032 and T2035 have been desabadtophosphorylation motifs, and Ser-2032 and
Thr-2035 are important sites that regulate LRRKZ&mactivity [40], our results suggest that they loa
recognized by other important kinas€sg( 3b). p.T2031S substitution changed a MAP3K motifdor

MAP3K11 one, and removed a CK1/GRK1 phosphorylasite (S2032). p.Y2006H substitution also

10



altered the activation loop phosphorylation patt®rmemoving a tyrosine target of Fes kindsig.(3b).
Moreover in p.R1941H and p.Y2006H, the electroststirface was also alteresuppl. Fig. 5a).

Some structural and stability effects were obseimgriR1941H and p.Y2006H polymorphisms
(Suppl. Fig. 5a andTable 1), which support the idea that they can be PDfeskors.
WD40 domain

According to the model obtaine8uppl Fig. 5b), this domain is formed by JBsheets linked
by loops exposed to the solvent to forf-propeller. The model was run by threading andgisiouse
holoenzyme paf-ah (PDB ID 1vyhC) as a template.tRisrdomain seven amino acid changes have been
described, two of which have been suggested ag Ipaithogenic (p.T23561 and p.G2385R), and the
results indicate major changes for these mutatidable 1). In addition, these mutations are located
three-dimensionally near each other, indicating ttheir position can be especially important fax th
function as it alters the interaction with otheotgins or ligands, as proposed elsewhere [30].r&suits
predict stability and electrostatic surface alierat for p.R2143HTable 1 andSuppl. Fig. 5b), negative
charge loss and electrostatic surface alteratiop.fd2175H, and protein stability and polar corgact
distribution alteration for p.T2356l; in the lastse, stability affectations were probably due &s lof
hydrogen bondéT able 1 andSuppl. Fig. 5b). p. G2385R implied a gain of positive charge and
electrostatic surface alterations due to the ldageral chain sizeT{@ble 1 andSuppl. Fig. 5b).
p.V2390M affected stability, whereas p.L2466H aféecstability and function, also including a gaireof
positive chargeTable 1). Finally, p.Y2189C and p.T23561 removed the TylekA and MAPK2K/LKB

motifs, respectivelyKig. 3a).

Discussion

One of the major challenges that the interpretatiogenetic variants faces is translating the
finding of a genetic substitution for a biologigaiound mechanism that can link it with a giverodier.
This is of particular interest when a gene is primnghow genetic variability that is not apparently
associated with a disease caused by mutationairséime gene. This is the case of dardarin, which i
responsible for familial forms of PD [2], but withhigh degree of coding substitutions [41]. In hvi¢h
this, we analyzed 20 amino acid substitutions weat reported to be pathogenic and 25 other coding
substitutions that are allegedly polymorphisms.adllguthe pathogenicity of each new identified aati
is predicted by taking into account its segregaitioa particular pedigree, when it is found to lbe tesult

of genetic screening, when the phylogenetic cordienv of the residue is affected and with the atien
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of functionally important residues when the protinction is known or can be inferred. We suggest t
the molecular modeling of dardarin is a useful togbredict the protein structure and the effect of
missense substitutions to, therefore, contributesgign a role in the pathogenicity of the molecMest
of the mutations involved in PD, as well as manyhefdescribed polymorphisms, variably affect the
secondary or tertiary structure, the electrosttiface, hydrogen bonds, charge distribution, ktgkthe
function or the phosphorylation sites involvedtmriegulation. The results of our analysis can h&dp to
establish working hypotheses for future experiments

First, we define the domain boundaries based adigiesl or previously resolved structures. The
results obtained (Fig. 1) show the presence of RMAlomain (which has been controversial) and some
differences with other works [5] in some domaininigibns. Hence the COR and KIN domains are 54
and 8 amino acids smaller than expected, respégtivbereas the LRR and ROC domains are
respectively 5 and 2 amino acids bigger than presijodescribed. These differences may well be
important because they change the domain whererpophism p.R1514Q is sited, which was usually
sited in the COR domain and the ROC domain in codeh(Fig. 2).

Our results indicate different mechanisms of actarthe mutations analyzed herein. First,
through the alteration of protein-protein interantdomains, including dimerization; second, by the
modification of phosphorylation matifs; third byrsttural alterations, including changes in the asdeny
or tertiary structure, polar contacts distributiangd modification of torsion and angles.

Some substitutions produce major changes in tfaciof the affected domains, which may be
critical to determine the molecules with which daid can interact. This can explain, at least phyti
the pathogenicity of mutations p.E334K (ARM), p.R¥BANK), p.Q1111H (LRR) and p.G2385R
(WD40) (Suppl. Fig. 2, Suppl. Fig. 3 andSuppl. Fig. 5b). The electrostatic potential of the surface,
which is also important for the efficiency and $libof the interaction, also significantly altetén these
mutants, except for p.G2385R. This alteration isaxzlusive of pathogenic mutations as some
polymorphisms, for example p.R1067Q and p.H1216RénLRR domain or p.D2157H and p.R2143H
in WD40, also produce an alteration on the eletatmssurface of the protein. This alteration would
suggest that these polymorphisms act as gendtitagsors for the disease.

With the ROC and COR domains, some major changdiseoalectrostatic surface were also
detected for some mutations (p.R1441G/C/H and 2BRpand polymorphisms (p.K1468E and

p.R1728H/L) Fig. 4a andFig. 4b). In these cases, pathogenicity can be explaigahédrole of the ROC
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domain in the dimerization of dardarin (p.R1441),0] or by the interaction with other moleculas;ts
as GTP, for the ROC-GTPase domain.

In addition, the phosphorylation pattern can bea#d by amino acid changes, which thereby affect
the functional regulation of the protein. Note tthas protein is also related to the ERK/MKK pathway
[1]. In some cases, the interaction (STE20 famihthe direct phosphorylation (PKC) by these kinases
has been demonstrated [42].

No drastic structural changes were observed fopétieogenic mutations of the kinase domain
(Table 1), although stability and function were predictadaing affected in most cases. It is noteworthy
that these substitutions are in the activation J@opl that they introduce phosphorylatable residues
which alter the phosphorylation pattern of thisdqdable 1 andFig. 3b), and whose phosphorylation is
important for regulating kinase activity [43]. p.GEBS is in the conserved region DFG/DYG, so changes
in the side chain of these positions can affeddtssation, even though they do not affect thedttrre.

In fact it has been postulated [44] that p.G2019&@12020T provoke a conformational change that
mimics the activated state, especially for p.G2018&bolishing the flexible nature of this consatv
region by replacing glycine. We propose that tlegibility is affected by changes in the patterrtiod
polar bonds, so the p.S2019 variant establishex@a hydrogen bond with p.1202Bi¢. 5a). p.12020T
also forms an extra hydrogen bond, which can stehihe inactive formKig. 5b), which could explain
the decrease in kinase activity described prewoji3sl]. The generation of an additional
autophosphorylation site in the activation domainld also reinforce this increased activity [43]tuirn,
p.12012T introduces a phosphorylation target fokKRR and MAP2K2, and probably contributes to
maintain the (active/inactive) conformation by patantacts fig. 5c andFig. 5d). In addition, p.G2019S
removes a motif for EGFR/AIk, and introduces two mautifs for JAK3/BLK and PRKAR1A, whereas
p.12020T also introduces motifs for BLK and TAKL1 tlioes not remove any EGFR/AIK site. Some of
these kinases play key roles in the nervous syftantion and development. EGFR is involved in axon
regeneration and neurite outgrowth [45], Alk in réhlastoma development [46], Fes in axon guidance
[47] and CDK1 in neuron degeneration [48]. p.T20352032 and p.T2035 are auto-phosphorylation
motifs in the activation loop [40], and they presginosphorylatable sequences by other kindsigs (

3b). p.T2035 lies in a putative recognition site $everal kinases that are important for the nervous
system, such as GSK3 and CDK1 and DYRK1A,and i@hred in neuronal differentiation in response

to nerve growth factor [49], which phosphorylatesynuclein to facilitate its aggregation [50].

13



Therefore, the non physiologic phosphorylation ofantiforms of dardarin by serin/threonin kinases,
such as MAP2K2, PRKAR1A or MAP3K?7, as well as chesin the autophosphorylation patteffng(
3), can explain the increased (p.G2019S and p.T2081&ecreased (p.12012T and p.I12020T) kinase
activity observed in these mutant forms [15,37,8},3

Some of the tested substitutions affect the nurbdistribution of polar contacts, which is theeas
of polymorphisms p.N363S (in the ARM domaSBuppl. Fig. 2a) and p.A1151T (LRRSuppl. Fig. 3),
or pathogenic mutations p.S1228TRR, Supp!. Fig. 5) and p.T23561 (WD40Suppl. Fig. 5b). An
alteration to these polar contacts can affect tdlgily or function of the protein (affected in stoof
these substitutiong;able 1), as well as the interaction with other domainprateins. In fact at the ROC-
GTPase domain, p.R1441 mutations can also hindetiterization of LRRK2 in this way. As shown in
Suppl. Fig. 4, p.R1441 forms hydrogen bonds with p.F1401 and40% of the other monomer, which
probably does not occur in the mutants. In fa&t,giR1441H mutation probably involves the gain of a
hydrogen bond within the monomer [43]. At the RGdnéin, some dardarin auto-phosphorylation sites
have also been identified [51], one in p.T1404 clilpostulates that phosphorylation at this posison
required for phosphorylation of the p.T1491 resiswelved in GTP binding and, therefore, in kinase
activation. From this information, it can be hypedlzed that position p.T1404 should be more acdessib
to phosphorylation through loss of the interaciith p.R1441. Therefore the substitutions at positio
p.R1441 can increase kinase activity through tréshanism.

At the ROC domain some LRRK2 autophosphorylatiogsditave also been identified [51], one
in p.T1404, which postulates that phosphorylatibthis position is required for the phosphorylatain
the p.T1491 residue involved in GTP binding andrefage, in kinase activation. Based on this
information, it can be hypothesized that positioh1@04 should be more accessible to phosphorylation
through loss of the interaction with p.R1441, there the substitutions at position R1441 can enbanc
kinase activity through this mechanism.

Liu and colleagues [52] used molecular modeling @mcking, and proposed that the increased
kinase activity seen for p.G2019S might be duddotmstatic alterations on the protein surfacegcivh
would result in substrate recognition alteratidns,in a substrate-dependent way. Nevertheleghifor
mutation, it was not possible for us to detect sigpificant changes in electrostatic surface pdaént
This discrepancy might be related to specific effgiven the substrate used by Liu and colleagubsrrat

than to the effect that the mutation had. In amestudy [53], the same group described the efiect
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p.G2019S substitution in kinase stabilization. Aligh these authors did not find any differences
between the models they obtained with both temgplalteir results differ from ours in that the amawid
established the hydrogen bond with the p.S201@warAlong these lines, the differences we observed
can be related to local discrepancies which mighbbt when globally comparing the modeling obtdine
with the two templates used by these autHargheir model, the bond with p.G2019 was establistvith
p.E1920, and with p.E1920 and p.Y2018 for p.S2018ur model it was established with p.12020, a
residue that is also involved in PD, and with p.Qa.9These discrepancies can be due to the diffesence
found in the templates used; whereas Liu and callesgsed B-raf kinase, we utilized Roco4 kinase. It
important to note that in tHe. discoideum Roco4 kinase structure, p.R1077 (the equivaleptR1918 in
human LRRK?2) interacts only with the equivalent nmaifarm p.S1179 (p.S2019 in human), but not with
the wild-type form p.G1179. For this reason, the af this substitution in the stabilization of thetive
form in LRRK2 remains unclear.

Moreover, although several polymorphisms have liemseribed along LRRK2 with no association
with PD, this analysis shows that many of them iaffgct the structure, stability or function. Thanche
explained if these polymorphisms are found in tteggin regions not involved in those functions reta
to the binding of other substrates, catalytic atstior dimerization. Another possible reason ig tha
effect of these polymorphisms was compensatedéndim mutated copy of the protein. Nonetheless, we
must also consider the possibility that these rmanatare involved in PD, but they exert a mild egiou
effect to not result in a significant change in glemetic risk for the disease. Association studfes
polymorphisms in dardarin have proven the existericggnificant differences in the penetrance of
pathogenic mutations according to race, or evéhdgopulation analyzed [54]. This raised the
possibility that some mutations with a pronouncielot on the protein, such as p.N363S (ARM),
p.R793M (ANK), p.R1067Q (LRR) or p.R1728H/L (COR),yrze related to PD in some populations,
and perhaps in combination with other populatioeesfic environmental and genetic factor.

As expected, our analysis shows how the mutatisaisaffect the enzymatic and the COR domains
result in increased alterations on the structine stability or the function of these domaifisifle 1,

Suppl. Table 1 andSuppl. Table 2), thus confirming the key role of those domainghi& function of the
protein.

It is also remarkable that many of the describethtrans involve the loss or gain of an R residue

(approximately one third); that is, the loss omgaii a positive charge. Besides the known impogarfc
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the p.R1441 residue, the presence of conservedites on the surface of the LRR and WD40 domains,
possibly involved in interactions with other protei5], can alter the specificity of binding tofdifent
proteins.

Finally, it is noteworthy that some analyzed mutiasi can affect the interaction or relative position
of the different domains among them. However, the and complexity of this protein did not allow us
to run a model for the entire protein, or even cirations of two or three domains, with acceptable
results. For the same reason, we were unable tgzanthe effect that a particular mutation mighténa
on not only the domain where it appears, but atsad)acent domains, which could also prove impaortan
in the structure or for dimerization.

The results obtained in this study reveal the usefd of structural modeling and bioinformatics
tools to predict the effects that mutations have @notein. However, it is important to always take
account that these results are predictions basedatimematics and homology, and can help decidehwhic
are more suitable to, for example, generate exgeriah models in order to further investigate the
etiology or treatment for a particular disordereTdetermination of the real structural and function
effects of these mutations remains a goal to behehin order to elucidate their role in the pathasis

of PD.
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Table 1. Summary of the effects of PD-related momstin stability, function or
structure of LRRK2 domains. Mutations describepahogenic are marked by an
asterisk. The columns “stability” and “pathogenjffitnction” are the result of

considering as good the predictions coincidenhefi5% of the methods in Tables S1y
S2, respectively. The column “other alterationthie result of the structural alterations

or putative phosphorylation alterations detected.

Domain | Mutation

Stability Path/Func

Other alterations

D

p.A211V

ARM | p.E334K* charge (-/+); electrostatic surface
p.N363S affected phosphorylation; polar contacts
p.M712V affected electrostatic surface

ANK p.P755L* affected
p.R793M* charge (+/°), electrostatic surface
p.1810V electrostatic surface
p.R1067Q affected charge (+/-), electrostaticasgf
p.S1096C
p.Q1111H*| affected electrostatic surface
p.11122Vv* | affected

LRR | p.A1151T phosphorylation; polar contacts
p.L1165P affected affected
p.11192V*
p.H1216R charge (°/+), electrostatic surface
p.S1228T* | affected phosphorylation; polar contacts
p.11371Vv* | affected
p.R1441C*| affected affected dimerization; charg)(electrostatic surface
p.R1441G*| affected affected dimerization; charg@)(electrostatic surface

. tertiary structure; dimerization; charge

ROC p-R1441H*| affected (+/°);electrostatic surface
p.A1442pP*
p.K1468E affected charge (+/-), electrostatic sugfa
p.R1483Q affected tertiary structure; dimerization
p.R1514Q*| affected
p.V1613A
p.R1628P* affected secondary structure; chard®, (electrostatic surface
p.Y1699C* affected electrostatic surface

COR p.R1725Q affected charge (+/°), electrostaticamarf
p.R1728H affected affected electrostatic surface
p.R1728L charge (+/°), electrostatic surface
p.L1795F
p.Q1823K charge (°/+), electrostatic surface
p.R1941H affected electrostatic surface
p.Y2006H affected affected phosphorylation; elestmtic surface

KIN p.12012T* | affected affected phosphorylation
p.G2019S* affected phosphorylation
p.12020T* | affected affected phosphorylation
p.T2031S phosphorylation
p.R2143H affected electrostatic surface
p.D2175H charge (-/°), electrostatic surface
p.Y2189C phosphorylation

WD40 | p.T23561* | affected phosphorylation; polar consact
p.G2385R* affected charge (°/+), electrostatidasig
p.V2390M | affected
p.L2466H affected affected
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ARM
(158-510)

ANK
(690-860)

LRR
(985-1274)

ROC
(1335-1515)

COR
(1524-1837)

KIN
(1883-2134)

WD40
(2142-2498)

Fig. 1. Models and limit definition of the LRRK2 domairghe number of the first and last amino acid of
the domain is shown in parentheses. Two viewseflttmain are shown, turned as indicated over the

arrows.
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R1628P R1941H

R1441C/G/H

Y1699C Y2006H

12012T G2385R

G2019S
12020T

R2143H L2466H

Fig. 2. Distribution of the PD-related substitutions @tation to the functional domains of LRRK2. The

mutations described as pathogenic are underlined.

autophosphorylation
GSK3

a b MAP2K7/MAP3K DZSEA
CDK1/MAP2K EGFRIAIK CK1/GRKL MAPK9
| l VaE
g / g
LLFTLYPNAAIIAKIADYGIAQYCCRMGIKTSEGTPGFRA

ALTWHRKNKHVQEAA

p.N363S  ALTWHRKSKHVQEAA
MAP3K14/AURKB/PRKG1/

GRK1/MAP3K11Wnk/PRKARLA

ISSLSENFLEAC

p.A1151T ISSLSENFLETC
GSK3AISTK11/PRKC

NLRELLFSHNQISIL
p.S1228T NLRELLFTHNQISIL

MAP3K7/STK1L/PRKC

PRKG1/MAP2K2

|

p.12012T LLFTLYPNAAITAKIADYGIAQYCCRMGIKTSEGTPGFRA

JAK3/BLK PRKARLA

p.G2019S LLFTLYPNAAIIAKIADYSIAQYCCRMGIKTSEGTPGFRA

EGFR/Ak

BLK
LDLNTEGYTSEEVAD /TAKl
p.Y2189C LDLNTEGCTSEEVAD p.12020T LLFTLYPNAAIIAKIADYGTAQYCCRMGIKTSEGTPGFRA
Tyk2/JakA GSK3
DYRK
FSDSNIITVVVDTAL APKLL coe2
p.T23561  FSDSNIIVVVDTAL MAPKS

MAP2K/STK11
p.T2031S LLFTLYPNAAIIAKIADYGIAQYCCRMGIKSSEGTPGFRA

Fig. 3. Effects of the PD-related mutations on the LRRK&fiue sequences for kinase recognition. a)
Alteration of kinase target sequences outside iti@ske domain. b) Alteration of the kinase target
sequence in the activation loop of the kinase donmie sequences described as a substrate of auto-
phosphorylation are grouped by a bracket. Targpiesgces are underlined in order of appearance of
kinase name (from left to right). The mutationsaléed as pathogenic are underlined. The mutated

amino acid is shown in gray. Sometimes the samgese® is a putative target of several kinases.
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p.K1468E

——
dimerization

p.R1141C p.R1441G p.R1441H

WT p.R1441H

p.R1725Q

“‘#

Fig. 4. Effects of PD-related mutations in the LRRK2 stonat models. a) ROC domain structure and
effects of p.R1441 substitutions on the electrastatrface. b) Effects of p.R1441H, K1468E and
p.R1483Q in electrostatic surface angles and distanf the ROC domain. ¢) The COR structure and
effects of p.R1628P, affecting the secondary strecand the electrostatic surface; p.R1728H/L,
affecting the electrostatic surface; and p.Y1698®.1725Q and p.Q1823K, affecting the domain
surface. The numbers over the arrow indicate tretioot of each axis used to obtain the figures. The

numbers over the angles indicate the degreeslflg the numbers under the lines indicate the désta

(A).
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p.12020T

p.T2031S p.G2019S

WT p.12012T

WT p.12012T

Fig. 5. Effects of the PD-related mutations on structovatlels of the LRRK2 kinase domain. a) Effect
of p.G2019S, p.T2031S and p.12012T on the polarambrdistribution of the active form. b) Effect of
p.12020T and p.12012T on the polar contact distidoubf the inactive form. c) Effect of p.12012T dret
polar contact distribution of the active form. dje€t of p.I12012T on the polar contact distributiofithe
inactive form. The numbers over the arrow indichterbtation of each axis used to obtain the figures

Hydrogen bonds are illustrated with dotted lines.
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a) ARM domain. Program HH Search V.1.5b; coverage=0.692; sequence identity=0.135; z-score=44.88; high confidence

20 * *
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b) ANK domain. Program SPARKS2; coverage=0.976; sequence identity=0.172; z-score=21.57; high confidence

* 40 * 80
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¢) LRR domain: identity = 30%
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d) COR domain: identity = 26%
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e) KIN domain: identity = 28%
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f) WD40 domain. Program SP3; coverage=0.976; sequence identity=0.172; z-score=21.54; high confidence
* 40 * 60 * 120
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Suppl. Fig. 1. Details of the templates used for modeling LRRK2 domains. The alignment of the LRRK2
sequences with the templates without gaps and modeling parameters are shown. For homology modeling
is indicated the % of identity, whereas for threading modeling are listed the program used, coverage,

sequence identity, z-score and confidence.



Suppl. Fig. 2. Effects of PD-related mutations in LRRK?2 structural models. a) ARM structure and effects
of p.E334K and p.N363S in electrostatic surface and polar contacts distribution, respectively. b) ANK
domain and effects of p.R793M in electrostatic surface and effects of p.M712V and p.I810V in the
surface of the domain. The numbers over the arrow indicate the rotation of each axis used to show the

figures. Mutations described as pathogenic are underlined.



p.S1228T

p.11122V

11192V . 51006G
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p.A1151T
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Suppl. Fig. 3. Effects of PD-related mutations in LRR domain structural model. The figure shows the
effects p.R1067Q, p.Q1111H and p.H1216R in the electrostatic surface and of p.A1151T and p.S1228T
in polar contacts distribution. The numbers over the arrow indicate the rotation of each axis used to show

the figures. Mutations described as pathogenic are underlined.



Suppl. Fig. 4. Effects of substitution of R1441 on polar contacts involved in LRRK?2 dimers stabilization.
Substitution of R1441 affect to the polar contacts with F1401, T1404 of the other monomer of LRRK2.

This figure was obtained using the structure previously solved.
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Suppl. Fig. 5. Effects of PD-related mutations in LRRK?2 structural models. a) KIN domain structure and
effects of p.R1941H in electrostatic surface and p.Y2006H in the surface of the domain. Subdomains
important for the kinase activity are indicated in the figure. b) WD40 structure and effects of p.R2143H
and p.T23561, affecting electrostatic surface and polar contact distribution, respectively; and effects of
p.D2175H and p.G2385R in the surface of the domain. The numbers over the arrow indicate the rotation

of each axis used to show the figures. Mutations described as pathogenic are underlined.



Supplementary Table 1. Prediction of effects of amino acid substitution in protein stability. Stability of
was predicted using four methods, and parameters obtained are showed. Pathogenic mutations are marked
by *. For the elaboration of Table 1, only results coincident in at least 75% of the methods were taken

into account (in bold).

p-A211V -0.27 0.17 | -0.63 -6,04 | Increase | 24.6

p.E334K* -0.66 Decrease | -0.48 | -0.81 [ Decrease | -3,51 | Increase | 31.8

p-N363S 0.22 -1 -0.88 | Decrease | -2,27 | Decrease | 93

p-M712V -1.04 Decrease | -0.31 | -0.85 | Decrease | -7,85 | Decrease | 85.9

p.P755L* -0.72 Decrease | -0.48 | -0.66 | Decrease | -1,55 | Decrease | 85.5

p-R793M* [ -0.95 Decrease | 0.46 | 0.67 | Increase | -5,45 | Decrease | 79.6

p.I810V -0.66 Decrease -1 [ -0.98 | Decrease | -1,27 | Decrease | 90.2

p-R1067Q -2.16 Decrease | -0.69 | -0.61 | Decrease | 1,92 | Decrease | 90.7

p-S1096C -0.70 Decrease | -0.29 | -0.69 | Decrease | 6,38 | Decrease | 92.8

p-Q1111H* | -1.09 Decrease -1 -0.72 | Decrease | -2,75 | Decrease | 79.8

p.I1122V* | -0.06 Decrease -1 [ -0.91 | Decrease | 5,49 | Decrease | 93.7

p.-Al151T 0.61 Decrease | -0.51 | -0.58 | Decrease | 0,35 | Decrease | 88

p.L1165P -0.78 Decrease | -1 Decrease | 2,31 | Decrease | 90.7

p.J1192v* | -0.03 Decrease -1 [ -0.89 | Decrease | -0,53 | Decrease | 83.7

p.HI1216R -0.06 -0.08 | -0.87 | Decrease | -0,14 | Decrease | 82.1

p-S1228T* | -1.08 Decrease | -0.27 | -0.75 | Decrease | 5,14 | Decrease | 93.7

p.I1371V* | -1.48 Decrease | -1 | -0.91 | Decrease [ -0,99 | Decrease | 92.7

p-R1441C* | -2.02 Decrease | -0.64 | -0.85 | Decrease | -0,68 | Decrease | 82.1

p-R1441G* | -1.30 Decrease | -1 | -0.99 | Decrease [ 0,08 [ Decrease | 92.9

p-R1441H* | -1.97 Decrease | -1 | -0.99 | Decrease | 0,59 [ Decrease | 81

p.-A1442P* | -0.34 Decrease | -0.06 | -0.52 | Decrease | 1,99 | Increase | 23.2
p.K1468E 0.18 Decrease | -0.43 Decrease | -1,56 | Decrease | 81.2
p-R1483Q [ -1.38 Decrease | -0.92 Decrease | -0,04 | Decrease | 89.6

p-R15140Q* | -1.35 Decrease -1 0.71 | Decrease | -2,42 | Decrease | 92.5

p.V1613A -0.93 Decrease | -1 -0.99 | Decrease | -8,82 | Decrease | 92.3

p.R1628P* [ -2.24 Decrease | -0.23 | -0.55 | Decrease | 7,99 | Decrease | 83

p.Y1699C* | -0.79 Decrease | -0.78 | -0.59 | Decrease | -12,5 | Decrease | 91.8

p-R1725Q -1.26 Decrease | -0.04 -2,42 | Decrease | 81

p-R1728H | -0.41 Decrease | -0.81 | -0.89 | Decrease | -9,74 | Decrease | 81.2

p-R1728L 0 Decrease | 0.67 | -0.63 | Decrease | -0,37 | Decrease | 82.7

p.L1795F -0.01 Decrease -1 -0.98 | Decrease | -1,53 | Decrease | 87.9

p-Q1823K -0.32 Increase | 0.03 -7,85 | Decrease | 80.5

p.R1941H -1.21 Decrease | -0.18 | -0.89 | Decrease | -1,28 | Decrease | 78.6

p-Y2006H | -0.39 Decrease -1 [ -0.99 | Decrease | -3,34 | Decrease | 81.6

p.12012T* | -1.91 Decrease [ -1 | -0.90 | Decrease | -2,78 | Decrease | 94.1

p-G2019S* | -0.98 Decrease | -1 -0.92 | Decrease | -1,83 | Increase | 26.2

p.12020T* | -2.31 Decrease | -1 | -0.91 | Decrease | 2,76 [ Decrease | 94.8

p-T2031S 0.02 -0.31 | -0.68 | Decrease | -4,27 | Decrease | 93.4

p-R2143H | -1.58 Decrease | -0.07 | -0.72 | Decrease | -2.41 | Decrease | 81.6

p.D2175H -0.2 Decrease | -0.61 >10 | Decrease | 28.6

p-Y2189C -0.72 Decrease | -0.51 >10 | Decrease | 87.3

p-T2356I* -0.4 -1 [ -0.86 | Decrease | -5.23 | Decrease | 79.8

p-G2385R* | -1.61 Decrease | -0.08 | -0.5 | Decrease | >10 | Increase | 22.8

p-V2390M | -0.61 Decrease -1 Decrease | 6.90 | Decrease | 92.5

RR|R[— (WIS |R|O || C|Nn|R[—=|R|N|WR|R—|QA(C (| C|D|W|C[RA[(LC(O[(N|A||QQ[N[(I[(N|C ||| |[—[]|—

p.L2466H | -2.33 Decrease | -0.96 | -0,98 | Decrease | 7.47 | Decrease | 89.6




Supplementary Table 2. Prediction of pathogenicity of amino acid substitution. Pathogenicity was
predicted using five methods, and parameters obtained are showed. Pathogenic mutations are marked by
*_ For the elaboration of Table 1, only results coincident in at least 75% of the methods were taken into

account (in bold). DI=dissimilarity index

p.A211V 1.22 | 0.03 [ affect 1.61 | 0.16 | 6 8
p.E334K* | 1.99 | 0.00 | affect 126 | 0333 6
p-N363S 0.37 poss damag | 1.51 | 0.13 | 7 7
p-M712V 0.81 | 0.00 | affect | poss damag | 1.51 | 0.29 | 4 6
p.P755L* 1.94 | 0.01 | affect | probdamag | 2.55 [ 0.49 | 0 4
p-R793M* | 1.80 [ 0.05 | affect | possdamag [ 1.58 | 0.34 | 3 7
p.I810V 0.56 | 0.01 | afect 09 [0.04]|9 7
p-R1067Q | 2.03 | 0.00 | afect 1.36 1 0.15| 6 7
p-S1096C 0.55 | 0.01 afect 146 | 030 | 3 disease | 6
p-Q1111H* | 0.43 [ 0.03 | afect [ poss damag 1.7 10.05]9 2
p.I1122V* | 0.56 092 [0.04]9 8
p.A1151T | 1.12 1.17 | 0.09 | 8 3
p.L1165P 1.94 poss damag | 1.93 | 0.71 | 4 [ Patholog | disease | 8
p.I1192V* | 0.56 0.71 [0.04 ] 9 6
p-H1216R [ 1.79 prob damag | 2.30 [ 0.34 | 3 5
p.-S1228T* | 0.13 | 0.03 | afect 1.20 | 004 [ 9 7
p.I1371V* | 0.56 | 0.02 | afect 0.71 [ 0.05] 8 4
p-R1441C* | 3.39 poss damag | 1.89 | 0.83 | 6 | Patholog 4
p-R1441G* | 1.50 poss damag | 1.78 | 0.63 | 2 | Patholog 0
p-R1441H* | 1.79 poss damage | 1.69 | 0.31 | 3 0
p.A1442P* | 0.56 | 0.04 | affect 145 10450 disease | 2
pKI468E | 1.99 | 0.00 | affect | POSS4amag | ;g | 97 | 4 6
struct effect

p-R1483Q | 2.03 1.35 1014 | 7 7
p-R1514Q* | 2.03 019 [0.14 |7 9
p.-V1613A | 1.22 | 0.01 | affect 1.37 1023 [ 5 9
p-R1628P* | 0.76 | 0.03 | affect | probdamag | 2.03 [ 0.75 | 5 | Patholog [ disease | 8
p-Y1699C* | 1.25 | 0.01 | affect | probdamag | 2.40 [ 0.77 | 5 | Patholog 0
p.-R1725Q | 2.03 | 0.04 | affect 1.38 | 0.14 | 7 0
p.-R1728H 1.79 | 0.02 | affect | possdamag | 1.58 | 0.31 | 3 5
p-R1728L | 0.73 prob damag | 2.03 | 0.63 | 2 | Patholog 8
p.L1795F | 0.74 | 0.02 | affect 1.24 10.20 | 6 7
p-Q1823K | 0.69 poss damag | 1.52 | 0.14 [ 7 7
p-R1941H 1.79 poss damag | 1.69 | 0.31 | 3 disease | 7
p-Y2006H | 0.93 | 0.00 | affect | poss damag | 1.61 [ 0.09 | 8 disease | 1
p.J12012T* 0.49 | 0.02 | affect | possdamag | 1.61 | 042 | 1 disease | 1
p.G2019S* | 1.53 | 0.00 | affect | poss damag | 1.58 | 0.28 | 4 disease | 7
p.J12020T* | 0.49 | 0.01 [ affect | poss damag | 1.61 [ 042 |1 disease | 8
p.T2031S 0.13 | 0.00 | affect 036 [0.05]9 7
p.R2143H | 1.79 0.65 [031]3 0
p-D2175H | 1.05 1.12 | 0.61 | 2 | Patholog

p.Y2189C | 1.25 1.94 [ 0.77 | 5 | Patholog

p.T23561* | 0.49 | 0.05 | affect 045 (042 |1 1
p-G2385R* | 1.50 | 0.00 | affect 0.10 | 0.60 | 1 | Patholog 2
p.V2390M | 0.81 | 0.02 | affect 119 (013 | 7 6
p.L2466H 0.63 | 0.01 | affect | possdamag | 1.72 | 0.75 | 4 | Patholog 3




