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ABSTRACT

PIK3RS5 is the regulatory subunit of Phosphoinositide
3-kinase y (PI3Ky) that is responsible for phosphory-
lating membrane lipids to activate the AKT pathway.
PIK3R5 binds Gy and facilitates the interaction with
p110y catalytic subunit (PIK3CG) during PI3Ky ac-
tivation. The identification of PIK3R5 P629S muta-
tion in AOAZ2 patients indicated a potential defect in
the AKT pathway resulting from impaired PIK3R5
interaction with Gy and PIK3CG, defective AKT
pathway can result in cerebellar cell death causing
neurological symptoms. Our in silico macromolecular
docking of the wild type and mutant PIK3R5 protein
models with ligand revealed an energy requirement to
maintain the mutant complexes compared to no ener-
gy required to maintain the wild type complexes, in
addition, the mutant structures were loose compared
to rigid wild type structures, such structural changes
may impair the molecular function of the PIK3R5
and hence affect the AKT pathway.
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1. INTRODUCTION

Phosphoinositide 3-kinase y (PI3Ky) is a lipid kinase that
belongs to class IB subdivision of Phosphoinositide 3-
kinases (PI3Ks) [1]. Structurally, PI3Ky forms a dimeric
protein with two subunits; the regulatory p101 (PIK3RS5)
and catalytic p110y (PIK3CG) subunits [2]. PI3Ky is ac-
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tivated via G-protein-coupled receptors (GPCR) through
direct interaction with Gfy [3]. The regulatory p101 sub-
unit binds to Gy and recruits the bound p110y catalytic
subunit to the plasma membrane, subsequently, PI3Ks
phosphorylate the membrane lipid phosphatidylinositol
(PtdIns)-4, 5-P2 to PtdIns-3, 4, 5-P3 and the latter acts as
a second messenger required for the translocation of
AKT to the plasma membrane so that phosphoinositide-
dependent kinase (PDK 1 and PDK2) can phosphorylate
and activate the AKT [4]. Signals starting from AKT
control the initiation of protein synthesis and regulate
transcription [5], in general, the collection of PI3K sig-
nals are essential for cellular functions such as cell proli-
feration, survival and apoptosis by phosphorylating a se-
ries of substrates [6].

The structure of p110y includes an amino-terminal adap-
tor-binding domain (ABD), a Ras-binding domain (RBD), a
C2 (protein-kinase-C homology-2) domain, a helical do-
main which is required as a scaffold for other domains of
pl10, and a catalytic carboxyl-terminal kinase domain
[7]. The work of Voigt and colleagues showed different
regions within the p101 primary structure to be respon-
sible for interaction with p110y and Gfy, the N terminus
of pl01 was shown to be important for interaction of
pl101 with p110y while C terminus of p101 had a crucial
role in the interaction with Gfy, the binding site on p101
for p110y spanned at least amino acids 25 - 175 while the
binding site on p101 for Gy included amino acids 650 -
850. In addition, amino terminal region of pl110y (resi-
dues 1 - 144) was found important for interaction with
the p101 adaptor [8].

Although p110y knock-out mice show defective im-
mune responses, yet non-alpha isoforms of p110 (that in-
cludes p110y) were shown to be involved in the deve-
lopment and progression of malignancies, some studies
observed an elevated expression of p110y in chronic my-
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eloid leukemia [9] while other studies suggested an in-
volvement of nonalpha isoforms in cancers of the bladder,
brain and colon [10-12]. Although there are no known
specific cancer mutations in their genes, wild type non-
alpha overexpression genes have been shown to be onco-
genic [5].

Recently, four individuals of a native Saudi family
from the Southwest region of the Arabian Peninsula with
Ataxia Oculomotor Apraxia type 2 (AOA2) traits were
identified [13]. Patients were screened for mutations in
SETX earlier linked to AOA2 [14], APTX earlier linked
to AOALI [15], and MRE11A linked to AT-like phenotype
and oculomotor apraxia [16] but no pathogenic or regu-
latory mutations in any of these genes were identified.
Furthermore, linkage analysis and sequence analysis iden-
tified segregating homozygous missense change (c.1885C
> T, p.P629S) in exonl2 of phosphoinositide-3-kinase,
regulatory subunit 5 (PIK3R5). Absence of this change in
477 normal controls and haplotype analysis further
suggested its pathogenicity [13].

Information elucidated from the 3 dimensional stru-
cture of a protein plays a role in understanding its bio-
logical actions; on the other hand, mutations that do not
fall in the active site of a particular protein can still change
the kinetics of the biochemical reaction triggered by that
protein such as the reaction rate or the isoelectric point, a
shift in the isoelectric point can affect electrostatic inte-
ractions with other proteins and, in addition, a single ami-
no acid substitution at an important folding location can
inhibit the formation of the folding nucleus, causing the
rest of the structure to quickly condense; such mutations
can also affect protein stability, interaction and subcellu-
lar localization [17]. This study aims to generate a 3D
protein model for the normal and P629S mutant p101
(PIK3R5) to compare their folding patterns and to con-
duct a macromolecular docking of both normal and mu-
tant p101 to pl110y and Gpfy, then to assess any interac-
tion difference that could consequently influence the AKT
signaling pathway and has some biological impacts.

2. METHODS

2.1. Generation of 3D Structures of PIK3R5;
PIK3CG and Ggy

Wild type PIK3RS5 structure was predicted using the
structure prediction software I-TASSER version 1.1 on
Linux 2.6.18 - 92 by multiple threading techniques and
identifying the templates from PDB, full length models
were assembled through Iterative Monte Carlo simula-
tion [13,18,19] whereas mutant PIK3RS structure was pre-
dicted via LOMETS [13,20]. Best PIK3R5 structure se-
lection was based on the lowest energy level , structures
were further validated using NIH-SAVES
(http://nihserver.mbi.ucla.edu/SAVES/).

Copyright © 2013 SciRes.

Structure of the region on PIK3CG responsible for
binding PIK3R5 (namely the C-terminal amino acids 1 -
144) was predicted using I-TASSER version 1.1 [18,19],
meanwhile, the structure of Gfy was predicted using Mo-
deller 9v10 [21] using multiple templates. Binding sites
of Gy were predicted based on the van der Waal’s atoms
using HOTPOINT [22]. PIK3RS5 structure was evaluated
using PROVE [23], Verify 3D [24] and PROCHECK
[25] server at NIH SAVES. In order to further validate
the wild type PIK3RS and PIK3CG structures, Rama-
chandran plot was designed using Rampage Server [26].

2.2. Ramachandran Plot and Intramolecular
Bonding

Both hydrogen bonding and Ramachandran plot values
were computed using Swiss PDB viewer [27] to obtain a
detailed analysis of the Mutated and Wild-type PIK3RS
in order to detect any structural difference. S-S bonds
were viewed using Rasmol [28].

2.3. Macromolecular Docking

Both wild type and mutant PIK3RS were docked with
PIK3CG using software Hex 6.3 [29], the ligand (PIK3CG)
was placed near the binding site of receptor (PIK3RS5);
the resulting PIK3R5-PIK3CG complex was further inte-
racted with Gfy using the same software.

3. RESULTS
3.1. Evaluation of PIK3R5, PIK3CG and Ggy

Ten optimum structures were produced for wild type
PIK3RS5, the best quality structure among generated mo-
dels was selected according to the confidence score (C-
score) which was —1.93 with a Template Modeling Score
(TM) of 0.48 + 0.15 and a Root-Mean-Square Deviation
(RMSD) of 13.4 + 4.1. Disulphide Bridges were calcu-
lated for PIK3RS using an online tool Disulfide By De-
sign [30], a total of 100 S-S bonds were created and the
structure was viewed in Rasmol [28,31] (Figure 1).
Mutant PIK3RS5 also generated 10 structures, the
DOPE Score for wild type PIK3RS5 structure was
—71815.453125 while DOPE score for mutant selected
structure was —74452. The DOPE graph indicated a slight
variance in energy level compared to the wild-type
PIK3RS5 (Supplementary Figure 1), Figure 2 illustrates
both wild type and mutant predicted protein models and
the Image was created by PyMOL. Superimposition was
carried out using Swiss PDB Viewer (Supplementary
Figure 2), superimposed structure of wild type and mu-
tant PIK3RS5 provided an RMSD value of 2.01 A. Ten
structures were predicted for PIK3CG and the best one
was selected on the basis of the C-score which was —2.61
(Figure 3) while DOPESCORE was —13656.806641
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and the TM score was 0.41 + 0.14. The major domain of
Gpy was already predicted in RCSB protein data bank.
The structure was modified using Homology Modelling
(Figure 4); the binding sites of Gfy are shown in (Sup-
plementary Figure 3).

3.2. Structures Evaluation

Moreover, Ramachandran plot represented for PIK3RS
and PIK3CG showed a fairly good quality plot of 91.2%
approximately and 86.6% respectively in favorable re-
gions [26,32,33] (Supplementary Figures 4(a) and (b)).
PROVE output for the protein was also good and lead to

Figure 1. Disulphide bridges of PIK3R5 (The
green bars indicate Disulphide bridges).

Figure 3. PIK3CG structure (The protein domain
that interacts with PIK3RS5).

(b)

Figure 2. PIK3RS5 structure (a) Mutant PIK3R5 (b)
Wild-Type PIK3RS5. Figure 4. G-Beta gamma 3D structure.

Copyright © 2013 SciRes. ABC
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the structure acceptance (Supplementary Figure 5). The
average Z-score was laying near to the defined region
thus this structure was selected. For G-Beta Gamma Struc-
ture, the overall quality factor produced from ER-RAT
[34] was 82.663 (Supplementary Figure 6). Ramachan-
dran plot was created using PROCHECK, which showed
86.7% of residues in favorable regions (Supplementary
Figure 7).

3.3. Assessment of Wild Type vs. Mutant PIK3R5
Differences via Ramachandran Plot

Ramachandran plot value for Proline 629 in normal
PIK3RS was (—50.959¢, —45.026y) while Ramachandran
plot value for Serine 629 in mutant PIK3R5 was (—59.095¢,
—38.288y) (Supplementary Figure 8).

3.4. Assessment of Wild Type vs. Mutant PIK3R5
Differences via Protein Docking with Ligand

Wild type PIK3RS5 docking with PIK3CG produced 2000
solutions with different energies at different positions.
The best among them was selected based on more inter-
actions and less energy, the total energy of the model was
—587.65 and the Eshape (shape energy) was —587.65, ad-
ditionally, the difference in bumps demonstrating the ri-
gidity of the protein was —1 and the protein ligand inter-
action force (Eforce) was 0 [35], further interaction of
PIK3R5-PIK3CG complex with Gfy revealed a total
energy of —242.24 and an Eshape of —212.35, bumps dif-
ference and Eforce were —1 and 0 respectively. Docking
of Mutant PIK3R5 with PIK3CG was performed in a si-
milar way as the wild type docking. The total energy of
the model was —1432.22 and the Eshape (shape energy)
was —1395, bumps difference was 0 and the protein li-
gand interaction force (Eforce) was —36.97. Figure 5
shows the wild type against Mutant PIK3R5-PIK3CG
complex structures. The total energy for Mutant PIK3RS5-
PIK3CG complex interaction with GBy was —290.41 and
the Eshape was —336.69, bumps difference was 0 and

(b)

Figure 5. PIK3R5-PIK3CG docking. (a) Wild-type PIK3RS
(Blue) with PIK3CG (Pink) (b) Mutant PIK3RS5 (Blue) with
PIK3CG (Pink).

Copyright © 2013 SciRes.

Eforce was —46.28, Figure 6 shows the wild type against
Mutant PIK3RS5-PIK3CG-Gpy complex structures, and
protein docking statistics are represented in Supplemen-
tary Table 1.

4. DISCUSSION

Complex protein stability, flexibility, interaction, subcel-
lular localization and expression are important biological
aspects that can be influenced by amino acids substitu-
tions. A single mutation in a protein can result in replac-
ing a small side chain amino acid for an amino acid with
a large side chain hence troubling the conformational li-
mit and stability of the protein [36]. On the other hand, a
mutation can affect protein stability by causing substitu-
tions between amino acids with hydrophilic and hydro-
phobic properties, masking of charged residues, destabi-
lizing and loss of hydrogen bonds, or S-S bonds [17].
Commonly, biochemical reactions involve conformatio-
nal changes in specific protein’s functional domains and
some mutations can make a protein more or less rigid [37]
thereby affecting its flexibility and causing protein ag-
gregation and formation of fibrils [38]. Moreover, access
of the binding group to a tight binding pocket can be
completely or partially prevented by missense mutations
that cause the substitution of a small side chain for a lar-
ger side chain in the binding site and therefore affect the
molecular interaction [17].

P629S is a missense mutation identified in the phos-
phoinositide-3-kinase, regulatory subunit 5 gene (PIK 3RS5)
and it involves a change from a non-polar Proline to a
polar Serine; the change is located adjacent to the C-ter-
minus Gfy binding domain which spans amino acids 650
- 850. P629S was predicted to decrease the protein stabi-
lity as indicated by in silico analysis using IMutant soft-
ware [13]; it is well known that 80% of missense muta-
tions that cause disease are substitutions that shift the
proteins stability by several kcal/mol [17].

Proline is a very unique amino acid as it plays an im-
portant role in protein folding, fiber formation and pro-
tein-protein interaction [39]. The unique structure of the
amino acid Proline makes it unable to act as a hydrogen-
bond donor because the cyclic side chain fixes the back

Figure 6. PIK3R5-PIK3CG-Gfy docking. (a) Wild-type
PIK3RS5-PIK3CG (Green) with Gpy (Yellow) (b) Mutant
PIK3RS5-PIK3CG (Green) with Gfy (Yellow).
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bone dihedral ¢ angle and the amide proton is replaced
by CH2 group. Proline also has the ability to undergo
cis-trans isomerization that plays an important role in
protein folding; also the size of the N-CH2 group limits
the conformation of the residue ahead of Proline thereby
prohibiting the a-helix conformation [40].

3D structures that were predicted for PIK3RS5 wild
type protein and PIK3CG by multiple-threading align-
ments had C-scores of —1.93 and —2.61, respectively,
such scores signify a model with a high confidence since
C-score has an acceptable range of (—5.2). To validate
the structures designed, the difference between native
protein and designed protein structures (TM score) were
obtained for the two models by scores in (0 - 1) range,
where 1 implies a perfect match between two structures,
scores below 0.20 suggest randomly chosen unrelated
proteins and scores higher than 0.5 assume almost the
same fold, the obtained TM score of 0.48 £+ 0.15 for wild
type PIK3RS and 0.41 £ 0.14 for PIK3CG were accepted
values in correspondence with the C-scores, in addition,
the variability of differences in the distance between
backbone atoms of theoretical protein and actual meas-
urement of template when they are superimposed (RMSD
values) conducted for both wild type PIK3RS and
PIK3CG presented acceptable values in correspondence
with the C-scores, further analyses for the compatibility
of PIK3R5 and PIK3CG atomic 3D model with their
own amino acid sequence via Verify3D resulted in posi-
tive values indicating no potential problems in the struc-
tures. Moreover, the position of an amino acid after rota-
tion of dihedral angles [y and ¢] of that amino acid was
conducted by means of Ramachandran plot and showed
most of the amino acids to be in favorable regions for
both PIK3RS and PIK3CG. Taken together, validation
data suggested satisfactory structures for wild type
PIK3RS5 and PIK3CG that were suitable to process fur-
ther.

The 3D structure for Mutant PIK3R5 by LOMETS
web tool was selected according to the confidence score,
z-score and coverage length. For the mutant PIK3RS va-
lidation DOPE values and graph were obtained, DOPE
graph indicated a slight variance between wild type
PIK3RS5 and mutant PIK3RS5. Superimposed structure of
wild type PIK3RS5 and mutant PIK3RS5 provided an
RMSD value of 2.01 A. Thus, mutant structure was suit-
able to carry on with the docking process.

As indicated by the DOPE graph, substituting Proline
for Serine at position 629 of PIK3RS5 involves an energy
change and therefore further comparison through Rama-
chandran plot shows the conformations of the dihedral
angles [y and ¢] that are possible for an amino-acid re-
sidue in a protein, a change in dihedral angle can be seen
in Ramachandran plot of Proline 629 in normal PIK3R5
and Serine 629 in mutated PIK3RS. Although the resi-

Copyright © 2013 SciRes.

dues are in the acceptable region but a slight change in
their angle indicates a change in structure and bonding,
moreover, the change in hydrogen bond length within the
structure gave it a narrower structure at one side and
disrupted helix on the other side that is converted into
coil.

Proline is the most common residue found adjacent to
protein-protein interaction sites [41], most protein inter-
action domains favor ligand sequences that are Proline
rich or at least contain a single Proline residue [42]. Pro-
line also facilitates formation of elements for proteins se-
condary structure such as turns and polyproline II helix,
therefore it is possible that if this mutation is in a scaf-
fold domain for the C-terminus or N-terminus interaction
domains it may influence pl101 interaction to other im-
portant proteins including Gfy or p110y (PIK3CG ), it is
clear from the docking results that when wild type
PIK3RS was docked with PIK3CG and further with Gfy
protein the total protein energies and Eshape energy were
negative and low and the PIK3CG was fully fitted in the
cavity of PIK3RS5. Furthermore, the bumps value of —1
indicated rigid complexes and E force of 0 indicated that
no force was needed for interacting. On the contrary when
mutant PIK3R5 was docked with PIK3CG and further
with Gpy protein the total protein energies and Eshape
energy were lower than wild type and the mutation cau-
sed the cavity (which will interact with the PIK3CG) to
become slightly expanded so unable to fit properly. Thus
the structure of PIK3CG was titled to fit in to a large ca-
vity while finding a suitable place for interaction and un-
able to interact properly to form a dimer or perform its
normal function. In addition, the bumps value of 0 indi-
cated the loss of rigidity in these complexes and E force
of —36.97 and —46.28 for mutant PIK3R5-PIK3CG and
mutant PIK3R5-PIK3CG-Gfy indicated an extra energy
to be used by the mutated PIK3RS in order to get inter-
acted with the PIK3CG and Gpy afterwards.

5. CONCLUSION

In summary, our in-silico analysis demonstrated that al-
though this missense variant which is reported in the
SNP database is not in a defined functional domain or a
well characterized binding domain of the protein, it has a
deleterious effect on the binding of PIK3R5-PIK3GC-
Gy complex, thus disturbing the activation and the func-
tion of PI3Ky. The involvement of this new gene in this
heterogeneous disorder emphasizes the role of the AKT
pathway in the development of this disease. Screening
for mutations in PIK3RS5 in similar disorders is of great
importance. Our analysis highlights the importance of in-
vestigating the role of rare variants in the development of
diseases.
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Supplementary Figure 1. DOPE graph. In general wild type PIK3RS5 residues in most of the
alignment positions are conserved in the mutated model (X-axis: residues of PIK3RS (880a.a),
Y-axis: energy per residue).

(b)

Supplementary Figure 2. WT and Mutant PIK3RS5 superimposed structures. (a) Binding sites of PIK3CG on PIK3R5
(yellow), binding site of Gy on PIK3RS5 (blue); (b) Backbone superimpose structure of Wild-type PIK3R5 (pink) and mu-
tant PIK3RS (green); (c) Superimposed structure of Wild-type PIK3RS and mutated PIK3RS, Pink structure shows the
wild type PIK3RS and green structure shows mutated PIK3RS.

Supplementary Figure 3. Predicted binding sites of Gfy.
Blue; Interface residues on chain (a) Red; Predicted Hot
spots in interface (Chain A). Yellow; Interface residues on
chain (b) Purple; Predicted Hot spots in interface (Chain B).
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Supplementary Figure 4. Ramachandran plot of PIK3R5 and PIK3CG. (a) PIK3RS5 showing most of the amino ac-
ids in favorable regions. Number of Residues in favored region: 788 (91.2%), Number of residues in allowed region:
60 (6.4%), Number of residues in outlier region: 30 (2.4%); (b) PIK3CG. Number of Residues in favored region: 123
(86.6%), Number of residues in allowed region: 17 (12.0%) Number of residues in outlier region: 2 (1.4%). X-axis:
Phi-angle. Y-Axis: Psi-angle.

Supplementary Table 1. Docking energies and statistics.

Characteristics
Protein Complex
H-Bonds  Bumps RMS ETotal * Eshape” Eforce* Eair! Vshape Vclash
Normal PIK3R5-PIK3CG -1 -1 -1 —587.65 —587.65 0 0 0 0
Normal PIK3R5-PIK3CG-Gfy -1 -1 -1 —242.24 —212.35 0 0 0 0
Mutated PIK3R5-PIK3CG -1 0 -1 —1432.22 —1395 -36.97 0 0 0
Mutated PIK3R5-PIK3CG—-Gfy -1 0 -1 —290.41 —336.69 —46.28 0 0 0

*ETotal-Total energy of the system. *Eshape = Hex shape-based pseudo energy. Eforce = force field energy. “Eair = (Ambiguous Interaction Restraints).
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Supplementary Figure 5. PROVE PLOT for
PIK3RS5 (Z-score and root mean square score).

80 100

120 140 160, 180 200 220 240
Residue # (window center)

Supplementary Figure 6. ERRAT graph for Gfy.
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Supplementary Figure 8. Ramachandran plot for PIK3R5. A small change in dihedral angle between wild type
(Red) and mutant PIK3RS (Green) is visible.
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