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The phosphoinositide species phosphatidylinositol 3,4,5, trisphosphate (PIP3) is 

an essential mediator of many vital cellular processes involved in cell growth, survival, and 

metabolism. The class I PI3Ks are responsible for production of PIP3, and their activity is 

tightly controlled through interactions with regulatory proteins and activating stimuli. The 

class IA PI3Ks are composed of three distinct p110 catalytic subunits (p110, p110,  

p110) and they play different roles in specific tissues due to disparities in both expression 

and engagement downstream of cell surface receptors. Disruption of PI3K regulation is a 

frequent driver of numerous human diseases. Growth of all cell types is dependent on PI3K 

signalling, and development of immune cells relies on a precise balance of PIP3 production. 

Activating mutations in the genes encoding the catalytic and regulatory subunits of PI3K 

lead to cancer and immunodeficiencies. The PIK3CA gene encoding the p110 catalytic 

subunit of class IA PI3K is one of the most frequently mutated genes in cancer, and 

mutations in the PIK3CD gene encoding the p110 catalytic subunit lead to primary 

immunodeficiency. All class IA p110 subunits interact with p85 regulatory subunits, and 

mutations/deletions in different p85 regulatory subunits (PIK3R1, PIK3R2, PIK3R3) have 

been identified in both cancer and primary immunodeficiencies. By asking how these 

mutations mediate activation and disease phenotypes, we can identify the natural 

regulatory molecular mechanisms of class IA PI3Ks. Fundamentally understanding how 

mutations in PI3K subunits mediate human disease will expand our knowledge of PI3K 

biology and is essential to the development of novel therapeutics.  
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To identify the molecular mechanisms of class IA PI3K activating mutations, I 

employed a sophisticated combination of hydrogen-deuterium eXchange mass 

spectrometry (HDX-MS) with biochemical activity assays to probe the regulatory 

mechanisms of PI3Ks. HDX-MS measures the exchange rate of amide hydrogens in 

solution, which in turn can provide information on protein conformation and 

conformational changes between different states. By comparing PI3K mutants identified 

in primary immunodeficiency and cancer patients to wild-type enzymes, I have identified 

dynamic conformational changes induced by activating mutations. Biochemical and 

biophysical analysis of these mutants led us to generate a panel of engineered mutations to 

further characterise molecular mechanisms by which class IA PI3Ks are regulated. This 

thesis will consist of an introduction to class IA PI3K signalling and an introduction to the 

method of HDX-MS, followed by two data chapters wherein I investigate the mechanisms 

of activating mutations in PIK3CD followed by an investigation into activating mutations 

in PIK3R1. A conclusion and discussion of future directions will be presented in the final 

chapter. This work provides novel insight into the complex regulatory mechanisms of the 

class IA PI3Ks, which may lead to better understanding of human diseases that activate 

these enzymes. 
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Chapter 1: 

Introduction 

Adapted from: 

Dornan, G.L., & Burke, J.E. (2018). Molecular Mechanisms of Human Disease 

Mediated by Oncogenic and Primary Immunodeficiency Mutations in Class IA 

Phosphoinositide 3-Kinases. Front. Immunol. 9. 575. 

 

Contributions: 

GLD and JEB wrote the manuscript.  

 

1.1  Phosphoinositides  

Phosphoinositides are minor membrane lipid species that play diverse roles in the 

cell. These lipid species act not only as structural components to membranes, but as 

signalling molecules that mediate membrane trafficking, cell growth, and development. 

There are seven different phosphoinositide species derived from the precursor lipid 

phosphatidylinositol (PI). PI consists of an inositol head group connected via a 

phosphodiester linkage to a diacylglycerol backbone, where the acyl chains are most 

commonly a stearoyl and arachidoyl (Fig. 1A). Phosphoinositides are produced by the 

action of phosphoinositide kinases or phosphatases, which alter the phosphorylation status 

of one of three different positions on the inositol head group (3’, 4’, or 5’). The seven 

different phosphoinositides produced can be visualised in figure 1B and include: 

Phosphoinositide 3-phosphate (PI3P), phosphoinositide 4-phosphate (PI4P), 

phosphoinositide 5-phosphate (PI5P), phosphoinositide 3,4-bisphosphate [PI(3,4)P2], 

phosphoinositide 3,5-bisphosphate [PI(3,5)P2], phosphoinositide 4,5-bisphosphate 

[PI(4,5)P2], and phosphoinositide 3,4,5-trisphosphate [PI(3,4,5)P3 but referred to primarily 



 

 

2 

as PIP3]. The plethora of roles these lipid species are responsible for are dependent on their 

cellular localisation, and the proteins which can bind them. 

 

Figure 1: Phosphoinositide species.  

(A) Phosphatidylinositol is the precursor to (B) the seven different phosphoinositide 

species that are determined by differential phosphorylation states of the inositol head group 

at 3’, 4’, or 5’ hydroxyl positions. (Adapted from Burke, 2018). 

 

Phosphoinositides act as docking modules, allowing for the localisation and 

activation of downstream proteins at specific cellular membranes. The interaction of 

phosphoinositide binding proteins with their target lipid(s) is mediated through specialised 

binding domains. Many phospholipid binding domains have been identified, with varying 

degrees of affinity and specificity that is determined by the structure of their 

phosphoinositide binding pocket (Lemmon, 2008). For example, some Pleckstrin 

homology (PH) domains can bind polyphosphoinositides with high affinity and specificity, 

as is the case for GRP1-PH, BTK-PH, and DAPP1-PH. These specific PH domains bind 
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with high affinity to PIP3; however, DAPP1-PH can also bind PI(3,4)P2, revealing different 

levels of specificity within similar domains (Ferguson et al., 2000; Lemmon, 2007). At the 

other end of the spectrum, PH domains can have low affinity and specificity for a lipid 

substrate alone, requiring the presence of another protein or molecule to bind 

simultaneously. This mechanism is known as coincidence detection and is important for 

the spatiotemporal localisation or activation of proteins. An example of this mechanism is 

the Oxysterol Binding Protein (OSBP) PH domain, which binds PI4P but is primarily Golgi 

localised despite the presence of PI4P at different cellular membranes. This localisation 

was identified as being dependent on the small GTPase Arf1p in conjunction with the 

presence of PI4P (Levine and Munro, 2002).  

1.1.1   Phosphoinositide 3,4,5-trisphosphate 

The phosphoinositide species PIP3 is vital for the transduction of extracellular 

signals at the plasma membrane (PM) and leads to upregulation of cellular processes that 

mediate cell growth and proliferation. Research of PIP3 was initiated in the late 1980’s and 

early 1990’s, with the discovery of PIP3 and the kinase that produced it. Knowledge of 

inositol phosphates was limited until 1988, when phosphoinositide 3-phosphate species 

were discovered (Stephens et al., 1989; Traynor-Kaplan et al., 1989, 1988; Whitman et al., 

1988). A PI kinase was also discovered around the same time that led to phosphorylation 

at the 3’ hydroxyl of the inositol head group of PI and associated with the oncoprotein 

polyoma middle T antigen (Whitman et al., 1988). The activity of this PI kinase was also 

found to mediate upregulation of PI-3-phosphates [PIP3 and PI(3,4)P2] upon growth factor 

stimulation (Auger et al., 1989). Since then, the role of PIP3 and the enzymes that regulate 

PIP3 levels have been studied extensively to identify PIP3 as a second messenger molecule 

important for transduction of signalling pathways. PIP3 levels are negligible in the cell but 

upon agonist stimulation of membrane receptors (i.e. growth factors) PIP3 levels rise 

dramatically before returning to the low basal levels (Stephens et al., 1993, 1991). 

Regulation of precise levels of PIP3 is mediated through the enzymes that alter the 

phosphorylation state of the inositol headgroup. PIP3 is produced by the phosphorylation 

of the inositol headgroup of PI(4,5)P2 at the 3’ hydroxyl. This action is executed by the 

class I phosphoinositide 3-kinases (PI3Ks) in response to growth factors and other agonists 
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that bind PM receptors such as receptor tyrosine kinases (RTKs) and their adaptors, and 

G-protein coupled receptors (GPCRs) (Fig. 2). The destruction of PIP3 is mediated by 

phosphoinositide phosphatases. PTEN is the canonical PIP3 phosphatase that 

dephosphorylates the 3’ position of the inositol head group, producing PI(4,5,)P2 at the PM 

(Cantley and Neel, 1999; Maehama and Dixon, 1998; Stambolic et al., 1998). More 

recently however, PTEN has been shown to also directly hydrolyse PI(3,4)P2 (Goulden et 

al., 2018; Malek et al., 2017). The phosphatase SHIP1/2 acts to dephosphorylate PIP3 at 

the 5’ position to produce PI(3,4)P2 (Damen et al., 1996). The generation of PIP3 by class 

IA PI3Ks leads to recruitment of signalling proteins containing PIP3 binding domains 

whereas the action of phosphatases acts to inhibit these signalling pathways.  

Many signalling proteins are activated by PIP3, including AGC family Ser/Thr 

kinases (i.e. Akt), TEK family tyrosine kinases (i.e. Btk), and modulators of Ras 

superfamily GTPases, specifically Guanine nucleotide exchange factors (GEFs, i.e. 

GRP1), and GTPase activating proteins. The binding of PIP3 by these proteins is mediated 

by their specialised phosphoinositide binding domains, with PH domains being the most 

common PIP3 binders (Hammond and Balla, 2015). As mentioned in the previous section, 

PH domains can have high affinity and selectivity for lipid species. The PH domains of 

Akt, Btk, and GRP1 all bind PIP3 with sub-micromolar affinity (Manna et al., 2007). One 

of the most well studied PIP3 effectors is Akt, which plays key roles in regulating growth 

and metabolism (Manning and Toker, 2017). Activation of Akt, also known as Protein 

Kinase B (PKB), was initially identified as a protein that was activated downstream of 

activated membrane receptors including PDGF and the Insulin receptor (Alessi et al., 1996; 

Franke et al., 1995; Kohn et al., 1995). Akt activation downstream of class I PI3Ks was 

later attributed to a combined effort between the binding of PIP3 by Akt and another 

protein, PDK1, which phosphorylates Akt to activate it (Alessi et al., 1997; James et al., 

1996; Stokoe et al., 1997). Further to this, inhibition of class I PI3Ks also abolishes Akt 

signalling downstream (Burgering and Coffer, 1995; Franke, 1997). Akt activation was 

then tied to mTOR, a master regulator of growth and proliferation, through its interaction 

with the tuberous sclerosis complex (TSC) (Inoki et al., 2002; Manning et al., 2002). Thus, 

PIP3 is important for localisation of proteins to the PM and their activation. 
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Figure 2: PIP3 regulation at the plasma membrane. 

Growth factors bind to and activate membrane receptors (i.e. RTKs) that traverse the PM. 

Activated RTKs dimerise and auto-phosphorylate their C-terminal tails or phosphorylate 

adaptor proteins at pYXXM motifs. Inhibitory interfaces are broken by binding of the p85-

like subunits of the p110/p85 complex to pYXXM motifs of RTKs and their adaptors. 

Binding of p110/p85 to RTKs also acts to recruit the complex to the PM to phosphorylate 

PI(4,5,)P2 at the 3’position to produce PIP3. Destruction of PIP3 occurs via phosphatases, 

such as PTEN, which act to dephosphorylate PIP3. Increased PIP3 acts as a docking module, 

recruiting downstream proteins that propagate signals to mediate cellular processes 

involved in cell growth, metabolism, and survival. GF = Growth factor. 

 

Regulation of PIP3 levels and the downstream signalling processes mediated 

through PIP3 binding proteins are involved in cell growth and proliferation. PI3K mediated 

production of PIP3 has in general been shown to sustain cell proliferation and survival 

(Foukas et al., 2010, 2006). Increases in PI3K mediated PIP3 levels were directly identified 

in response to insulin stimulation (Ruderman et al., 1990). Direct modulation of PIP3 levels 

by insulin stimulation was further shown with PI3K association with the Insulin Receptor 

Substrate-1 (IRS-1) (Backer et al., 1992; Shoelson et al., 1992). Mice lacking genes for 

Insulin Receptor Substrate-1 (IRS-1) or insulin growth factor receptor (IGFR-1) exhibit 

severe growth deficiencies and were no longer sensitive to insulin (Liu et al., 1993; 

Tamemoto et al., 1994). PIP3 levels are also important for the growth, survival, and 

development of immune cells. Specifically, control of tonic and agonist induced PIP3 levels 
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mediate progression of B cell and T cell development at different stages (Okkenhaug, 2013; 

Okkenhaug et al., 2002). PIP3 has also been shown to play a critical role in the activation 

of neutrophils (Kulkarni et al., 2011). 

Due to the role of PIP3 in the growth and proliferation of many cell types, levels 

of this second messenger must be tightly controlled. Aberrant PIP3 levels lead to human 

diseases including cancers, diabetes, developmental disorders, and immunodeficiencies. 

These diseases can be mediated by either increased or decreased PIP3 levels in specific 

tissues, as well as perturbation to downstream signalling proteins. Constitutively high PIP3 

levels have been identified as a signature of cancer, overgrowth syndromes, and 

immunodeficiency. Low levels of PIP3 or rather, an inability of PIP3 levels to increase upon 

agonist stimulation, can also lead to immunodeficiency, diabetes and developmental 

disorders. Mutations in PIP3 regulating enzymes (PI3K, PTEN, etc.) are frequently found 

in these human diseases. Additionally, proteins upstream and downstream of PIP3 

production are also implicated in similar disease states. For example, mutations in the PH 

domain of Brutons tyrosine kinase (BTK) that impair its ability to bind PIP3 lead to 

abrogated development of B-cells in a disease called X-linked agammaglobulinemia (Ohta 

et al., 1994; Vihinen et al., 1995). Inactivation of the PIP3 binding protein AKT2 was also 

shown lead to severe insulin resistance and diabetes (George et al., 2004). Conversely, 

activation of downstream proteins and upregulation of the pathway also leads to disease. 

The E17K mutation in the PH domain of AKT-1 drives increased membrane localisation, 

leading to an activated pathway and occurrence in breast, colorectal, and ovarian cancers 

(Carpten et al., 2007). Understanding how mutations in members of the PI3K/AKT/mTOR 

pathways mediate disease is imperative to the design of novel therapeutics. 

1.2  Phosphoinositide 3-Kinase Family 

The phosphoinositide 3-kinase family of enzymes are responsible for production 

of phosphoinositide 3-phosphate species [PI3P, PI(3,4)P2, PI(3,5)P2 and PI(3,4,5)P3] and 

are composed of three different classes – I, II, and III. All classes of PI3K share a similar 

core set of domains. A C2 domain, a helical domain, and a bi-lobal kinase domain that is 

referred to as the N- and C-lobes. The kinase domain of all classes of PI3K, and the type 
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III phosphoinositide 4-kinase (PI4K) enzymes, is highly conserved (Brown and Auger, 

2011).  

The classes of PI3Ks are defined by their differences in regulation and the 

products they make. The class III PI3K mediates production of PI3P and forms large 

complexes with different regulatory subunits while the class II PI3Ks have been shown to 

produce PI3P, PI(3,4)P2 but is a single protein regulated by autoinhibitory mechanisms 

(Burke, 2018; Marat et al., 2017; Rostislavleva et al., 2015; H. Wang et al., 2018). The 

class I PI3Ks all act on phosphoinositide 4,5-bisphosphate [PI(4,5)P2 or PIP2] to produce 

phosphoinositide 3,4,5-trisphosphate [PI(3,4,5)P3 or PIP3] but can be separated further into 

2 sub-groups: Class IA and class IB. The class IA enzymes are defined by their status as 

an obligate heterodimer composed of the catalytic subunit p110 and the p85-like regulatory 

subunits. Class IB contains a single isoform, PI3Kγ, which can exist as the monomeric 

p110γ but can also form complexes with its regulatory subunits p84 or p101. The class I 

PI3Ks are essential mediators of signalling downstream of cell-surface receptors, and play 

essential roles in numerous cellular processes, including growth, metabolism, and 

differentiation (Burke and Williams, 2015). For the purpose of this thesis, only class IA 

PI3Ks will be discussed at length. 

1.2.1    Regulation of class IA PI3Ks 

Class IA PI3Ks exert their diverse cellular roles through multiple, complex 

regulatory mechanisms. Fundamental to this are numerous inter- and intra-protein 

interfaces formed in both subunits of the PI3K heterodimer. The class IA PI3Ks are 

composed of three p110 catalytic subunits (p110α, p110β, p110δ), which form an obligate 

and constitutive heterodimeric complex (Geering et al., 2007) with one of five p85-like 

regulatory subunits (p85α, p85β, p55α, p50α, p55γ). Each of the catalytic subunits bound 

to any of the p85-like subunits creates the respective PI3K isoform (PI3Kα, PI3Kβ, and 

PI3Kδ), and p110 catalytic subunits do not exist in the cell in the absence of a regulatory 

subunit. Class IA PI3Ks are activated downstream of receptor tyrosine kinases (RTKs) and 

other tyrosine phosphorylated receptors/adaptors, G-protein coupled receptors (GPCRs), 

and Ras superfamily GTPases.  
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Figure 3: Domain architecture of the class IA PI3K subunits. 

The catalytic subunit, p110, is present as three different isoforms: p110α, p110β, and 

p110δ.  There are five regulatory p85-like subunits, p85α, p85β, p50α, p55α, and p55γ. All 

regulatory subunits contain a C- and N-terminal SH2 domain, connected through the inter 

SH2 (iSH2) domain. Both p85α and p85β are extended at the N-terminus, with an SH3 

domain, a BH domain and two proline rich regions. The p50α, p55α, and p55γ subunits 

lack these N-terminal domains. p50α and p55α are splice variants of PIK3R1, the gene that 

encodes p85α. 

 

Both the p110 catalytic subunit and p85-like regulatory subunit are large, dynamic 

multi-domain proteins (Fig. 3,4). X-ray crystallography has yielded structures of all class 

IA catalytic subunits alone or in complex with portions of p85-like subunits including 

p110α in complex with the nSH2 and iSH2 of p85α, p110β in complex with the iSH2 and 

cSH2 of p85β, and p110δ in complex with the iSH2 of p85α (Berndt et al., 2010; T P 

Heffron et al., 2016; Hon et al., 2012; Huang et al., 2008; Mandelker et al., 2009; Miled et 

al., 2007; Miller et al., 2014; Zhang et al., 2011). This structural data has paved the way to 

understanding the complex inter and intra-protein interactions of the p110 and p85-like 

subunits and, in combination with biochemical data has revealed the basic molecular 

architecture of the class IA PI3Ks. 



 

 

9 

  
Figure 4: Class IA PI3Ks are large, dynamic machines with multiple domains that 

form an intricate network to mediate kinase activity. 

(A) Structural model of PI3K based on PI3Kδ (p110δ/p85; PDB: 5DXU, 3HHM, 2Y3A) 

highlighting the different domains and their orientation from two angles. The domains are 

colour-coded to the domain architecture representation in (B) Wiring diagram showing the 

specific domain interfaces between p110 subunits and p85-like regulatory subunits mapped 

onto the domain architecture representation of each subunit. The grey double ended arrow 

represents the stabilising binding interface between the ABD (p110) and the iSH2 (p85). 

The flat ended arrows represent inhibitory interfaces between p110 and p85. The dotted 

flat ended arrow represents the cSH2-kinase interface that occurs only in the p110α and 

p110δ isoforms.  

 

p110 is composed of an adaptor binding domain (ABD), which interacts with p85, 

a Ras binding domain (RBD), which mediates interaction with Ras superfamily GTPases, 

a C2 domain, a helical domain, and a bi-lobed kinase domain, composed of an N-lobe and 

a C-lobe connected through a flexible hinge. All class IA regulatory subunits contain two 

Src homology 2 domains (referred to as nSH2 and cSH2 to denote N-terminal and C-

terminal) connected by a coiled-coil domain known as the inter SH2 (iSH2). The nSH2, 

iSH2, and in some isoforms the cSH2 (p110 and p110), form the primary inhibitory 

interfaces with the catalytic subunit to mediate inhibition of the kinase. Both p85α and 
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p85β subunits also contain a Src Homology 3 domain (SH3) and a bar cluster region 

homology domain (BH). The main interface holding the PI3K heterodimer together is the 

tight interaction of the ABD of p110 with the iSH2 domain of p85 (Dhand et al., 1994; 

Miled et al., 2007). Comparison of class IA PI3Ks with protein kinases reveals multiple 

similarities. Src family kinases also contain accessory domains that mediate inhibition of a 

bilobal kinase domain with an active site cleft (Jura et al., 2011). The Src family kinase 

Hck mediates inhibition of its kinase activity through its SH2/SH3 domains binding of the 

kinase domain, and inhibition is relieved through SH2 binding of phosphorylated receptors. 

In contrast, PI3K inhibition is mediated primarily through its SH2 domains as well as 

multiple inter protein interfaces of its extensive accessory domains. A comparison of class 

IA PI3K domain organization compared with an SH2 containing Hck protein kinase of the 

Src family of kinases reveals the large size and complexity of the p110/p85 complex 

relative to other signaling kinases (Fig. 5D,E). 

Phosphorylation of lipid substrate is mediated through the kinase domain of the 

p110 subunit in class I PI3Ks. The active site is located in a cleft between the N-lobe and 

C-lobe, where ATP binds (Fig. 5B). The kinase domain is also host to the catalytic 

machinery required for catalysing the phosphotransfer between ATP and lipid substrate. 

Key features of the kinase domain of PI3Ks include the regulatory arch, the activation loop, 

and the catalytic loop (Fig. 5C). Binding of lipid substrate is mediated through the 

activation loop, which coordinates lipid substrate towards the catalytic center adjacent to 

the ATP binding site (Miller et al., 2014). The activation loop also confers specificity of 

the lipid substrate; Exchanging the loop sequence of class IA PI3Ks with those from the 

class II or class III PI3Ks altered the lipid substrate specificity (Bondeva et al., 1998; Pirola 

et al., 2001). The catalytic loop mediates phosphotransfer between ATP and the lipid 

substrate. The dynamic catalytic and activation loops are thought to undergo 

conformational changes to accommodate substrate and catalyse phosphotransfer, in a 

similar mechanism to protein kinases where conformational changes occur in the catalytic 

site to coordinate ATP for the phosphotransfer to protein targets (Williams et al., 2009). 

These different conformations are thought to indicate active or inactive states. The 

structures of class I PI3Ks are all thought to be putative inactive forms. However, the 

catalytic loop of VPS34 differs from previous PI3K structures; The highly conserved DRH 
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motif of the loop is pointing toward the catalytic center, which could indicate the active 

conformation of the catalytic loop (Miller et al., 2010; Walker et al., 1999).  Encompassing 

both the activation loop and the catalytic loop is the regulatory arch, a structure composed 

of the two to three terminal alpha helices: kα10, kα11, and in some PI3Ks (VPS34, p110γ, 

p110β) the kα12 (Berndt et al., 2010; Huang et al., 2007; Miller et al., 2010; Zhang et al., 

2011). This structure is conformationally dynamic, where the kα12 helix alternates 

between an open and closed conformation. In the closed conformation, the kα12 helix 

impinges on the activation and catalytic loops to prevent substrate access. In the p110β and 

p110δ isoforms, the cSH2 domain of the p85α subunits binds to the regulatory arch to lock 

the kinase in an inactive state (Burke et al., 2011; Zhang et al., 2011). The kα12 helix of 

VPS34 also binds membrane, and upon binding of phosphorylated receptors the regulatory 

arch of class IA PI3Ks undergoes conformational changes, potentially opening up the arch 

to allow access to the lipid substrate (Burke et al., 2011; Miller et al., 2010).  
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Figure 5: Class IA PI3K regulation is mediated by numerous inter- and intra-protein 

interfaces. 

(A) Wiring diagram domain architecture representation showing the specific domain 

interfaces between p110 subunits and p85-like regulatory subunits. The grey double ended 

arrow represents the stabilising binding interface between the ABD (p110) and the iSH2 

(p85). The flat ended arrows represent inhibitory interfaces between p110 and p85. The 

dotted flat ended arrow represents the cSH2-kinase interface that occurs only in the p110α 

and p110δ isoforms. (B) Structural model of PI3Kδ (p110δ/p85; PDB: 5DXU, 3HHM, 

2Y3A) highlighting the key inhibitory interfaces of p110/p85-like subunits. (C) A zoomed 

in visualisation of the active site. Highlighted are the regulatory arch, the ATP binding site, 
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the activation loop and the catalytic loop. The ATP binding site is indicated here by an 

ATP competitive inhibitor marked ‘Inhibitor’. The catalytic loop is shown in white with a 

black outline, the activation loop is shown as purple-blue also outlined in black and missing 

residues extended by a dotted line. The regulatory arch is outlined in black and labelled 

kα10 and kα11 to denote two helices of the arch that exist in all class IA PI3K structures. 

(D) A structure of inhibited Src family protein kinase Hck, an example of another SH2-

regulated kinase [PDB: 1AD5 (Sicheri et al., 1997)]. (E) Cartoon representations of class 

IA PI3Ks and Src family protein kinase Hck. In both protein kinases and class IA PI3Ks, 

a bi-lobal kinase domain is functionally regulated through SH2 domains. These cartoons 

also represent the enhanced complexity of class IA PI3K regulation through its many 

accessory domains. Adapted from Dornan and Burke, 2018. 

 

The class IA p85-like regulatory subunits have three key roles: they stabilise the 

p110 catalytic subunit, they inhibit p110 catalytic activity, and they allow for the activation 

of activity downstream of proteins containing phosphorylated YXXM motifs through 

engagement of p85 SH2 domains (Escobedo et al., 1991; Geering et al., 2007; Vadas et al., 

2011; Yu et al., 1998b). These roles are mediated through multiple interactions with the 

p110 subunits (Fig. 5A).  While class IA catalytic subunits require a regulatory subunit for 

stability, the p85 subunits have been postulated to exist alone, and can mediate cellular 

functions free of p110 (Cheung et al., 2015, 2011). Biochemical/biophysical studies have 

informed the molecular mechanism of how regulatory subunits bind and inhibit the 

different p110 catalytic subunits (Burke et al., 2012, 2011; Burke and Williams, 2013; 

Huang et al., 2007; Mandelker et al., 2009; Miled et al., 2007; Vadas et al., 2017, 2011; 

Vadas and Burke, 2015; Yu et al., 1998b, 1998b; Zhang et al., 2011). A number of inter 

and intra-subunit interactions mediate inhibition of each of the class IA catalytic subunits 

(Annotated on the domain schematic in Fig. 5B). In all class IA PI3Ks the ABD domain 

forms an intra-subunit inhibitory contact with the N-lobe of the kinase domain (Huang et 

al., 2007). The ABD-RBD linker packs against the ABD and interacts with the kinase 

domain. The C2 domain of p110 forms an inhibitory contact with the iSH2 domain of p85 

regulatory subunits. Intriguingly, different p110 subunits have diverse capabilities to be 

inhibited by this interaction, with p110β being less inhibited by the C2-iSH2 interaction 

(Dbouk et al., 2012), compared to p110α and p110δ. The iSH2 coiled-coil is composed 

primarily of two helices, with a third smaller and mobile helix at the C-terminal end. 
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Structural data has captured the third helix in multiple conformations however, the third 

helix appears to interact with the activation loop of the kinase domain (T P Heffron et al., 

2016; Miller et al., 2014). 

The N-terminal SH2 domain (nSH2) forms inhibitory interactions with the C2, 

helical, and C-lobe of all p110 catalytic subunits (Burke et al., 2011; Burke and Williams, 

2013; Huang et al., 2007; Mandelker et al., 2009; Miled et al., 2007). The C-terminal SH2 

domain, which interacts with the C-lobe of the kinase domain, only inhibits p110β (Zhang 

et al., 2011) and p110δ (Burke et al., 2011). This interaction cannot occur in p110α due to 

a loop extension that sterically prevents this inhibitory interaction. Intriguingly, the nSH2 

and cSH2 domains have different inhibitory interfaces, with the nSH2 interacting with 

p110 through its pY binding site, and the cSH2-p110 interface not directly involving the 

pY binding site. Together, the cSH2 and nSH2 domains bind to specific sites on 

phosphorylated receptors with high affinity (Klippel et al., 1992; McGlade et al., 1992; 

Panayotou et al., 1993). Mutation of tyrosines 740 and 751 in the kinase insert region of 

the platelet derived growth factor β (PDGFR-β) abrogates PI3K binding (Kashishian et al., 

1992). Upon interaction with phosphorylated tyrosine motifs in phosphorylated receptors 

and their adaptors, the nSH2 and cSH2 interfaces with p110 are disrupted. Both the nSH2 

and cSH2 of the p85-like subunits are highly specific to pYXXM motifs. The 

phosphorylated tyrosine and the methionine bind to the SH2 domains in a “plug” type 

fashion, where the phosphorylated tyrosine binds to an arginine in a deep pocket of the 

SH2 and the methionine binds to tyrosine in a loop (Breeze et al., 1996; Nolte et al., 1996). 

The similar specificity indicates a potential evolutionary mechanism where by having two 

“readers” for signal transduction, the regulation of class IA PI3K activation can be tightly 

controlled.  Different regulation of class IA PI3Ks by their regulatory subunits has 

important functional implications for how they can be activated by different activating 

stimuli.  
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Figure 6: Class IA PI3Ks are activated downstream of membrane receptors. 

Domain architecture of both subunits, demonstrating the high affinity, stabilising 

interaction between the ABD and iSH2 through a pointed arrow and inhibitory interfaces 

mediated through p85-like subunits shown as flat ended arrows. The numbers represent the 

inhibitory interfaces mediated by their specific domain, (1) nSH2, (2) iSH2, or in the case 

of p110β and p110δ, (3) cSH2. Small GTPases, indicated as Ras (Pink), mediate PI3K 

activation through interaction with the RBD. RTKs and their adaptors harbouring 

phosphorylated YXXM motifs (Green) activate class IA PI3Ks by binding nSH2 and cSH2 

to break inhibitory interfaces and recruit PI3K to the membrane. 

 

Mutations in both catalytic and regulatory subunits frequently activate lipid kinase 

activity through modification/disruption of inhibitory interfaces between the two subunits. 

Fundamental to understanding how mutations in different catalytic and regulatory subunits 

modify PI3K signalling in different cells/tissues is understanding how unique class IA p110 

catalytic isoforms are regulated by their p85 regulatory subunits, and how they are 

activated downstream of different activating stimuli. 

1.2.2    Signalling inputs of class IA PI3Ks 

The ability of PI3K isoforms to mediate signalling in different tissues is a balance 

between differential expression of class IA PI3K isoforms and their unique ability to be 

activated by GPCRs, Ras superfamily GTPases, and phosphorylated receptors/adaptors 

(Fig. 6). PI3Ks can also be activated by more than one signalling input at a time, adding 

another layer of regulation to precisely control PIP3 production. The ability of different 

isoforms to be activated downstream of different upstream stimuli plays a key role in 
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determining the capability for activating somatic point-mutations to mediate human 

disease. 

Receptor tyrosine kinases (RTKs) are transmembrane receptors at the plasma 

membrane that receive and transduce extracellular signals mediated through ligand binding 

(i.e. growth factors). Upon simulation by external cues at the extracellular N-terminus, 

RTKs dimerize and are auto-phosphorylated by the cytoplasmic C-terminal tyrosine 

kinase. These phosphorylated tyrosyl motifs (i.e. pYXXM, pYEEI)act to recruit 

downstream proteins to mediate signalling cascades. Some of these downstream proteins 

are adaptors, binding to the RTK and being phosphorylated at similar motifs, which can 

similarly recruit phosphotyrosine motif binding proteins in signal cascades. A classic 

example of an RTK adaptor is IRS-1, which binds to the Insulin receptor downstream of 

insulin binding. Recruitment of proteins to the pYXXM motifs occurs through SH2 

domains. All class IA isoforms can be activated by proteins containing phosphorylated 

YXXM motifs, as this leads to SH2 mediated recruitment of regulatory subunits, and 

disruption of SH2 inhibitory contacts with the p110 catalytic subunits (Burke et al., 2011; 

Burke and Williams, 2013; Miled et al., 2007; Yu et al., 1998b). Some of the 

phosphorylated receptors and adaptors that bind class IA PI3Ks include the PDGFR and 

other members of the PDGF family of receptors, epidermal growth factor receptor (EGFR), 

and IRS-1 (Backer et al., 1992; Hu et al., 1992; Kaplan et al., 1987; Kazlauskas and Cooper, 

1990; McGlade et al., 1992). The SH2 domains of class IA PI3Ks also exhibit differences 

in binding affinity and specificity. The cSH2 domain mediates the high affinity interaction 

between p85 and phosphorylated receptors (Klippel et al., 1992). Additionally, the nSH2 

binds pYXXM sites with distinctly different affinities. Both SH2 domains bind the pY751 

site of PDGFR-β with similarly high affinity, however the nSH2 affinity for pY740 is 100-

fold lower (Panayotou et al., 1993). This potentially indicates a mechanism that specifically 

orients the class IA PI3K complexes with regards to the membrane.  

p110α is more sensitive to activation downstream of phosphopeptides derived 

from Platelet-derived growth factor receptor (PDGFR) than either p110β or p110δ in vitro 

(Burke and Williams, 2013), and this is likely due to the absence the cSH2 inhibitory 

interface, which makes the cSH2 more accessible to interact with pYXXM motifs. In vivo 
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evidence in support of free SH2 domains being more available to pYXXM motifs is that 

the oncogenic E545K mutant of p110α, which disrupts the nSH2 helical interface 

(described further in section 1.3), is more readily recruited to phosphorylated Insulin 

receptor substrate (IRS) proteins (Yang et al., 2011). 

Class IA PI3Ks are activated downstream of the Ras superfamily of GTPases 

through interactions with the RBD domain present in p110 catalytic subunits (Pacold et al., 

2000; Rodriguez-Viciana et al., 2004). The Ras superfamily is large and diverse, composed 

of five main families (Ras, Rho, Rab, Ran, and Arf) (Cherfils and Zeghouf, 2013). The 

PI3K isoforms are differentially activated downstream of Ras superfamily members 

(Fritsch et al., 2013; Rodriguez-Viciana et al., 1994), with p110α and p110δ being activated 

downstream of Ras family GTPases, and p110β being activated downstream of Rho family 

GTPases. Ras activates PI3K through enhanced membrane interaction, with Ras activation 

being strongly synergistic with activation downstream of phosphorylated receptors 

(Buckles et al., 2017; Siempelkamp et al., 2017). Mutant p110α deficient in its ability to 

be activated by Ras leads to decreased oncogenic transformation, tumour maintenance, and 

angiogenesis downstream of mutant Ras (Castellano et al., 2013; Gupta et al., 2007; 

Murillo et al., 2014).  

Class IA PI3Ks can synergize direct and indirect inputs downstream of specific 

upstream stimuli. p110β is unique in being activated downstream of phosphorylated 

receptors/adaptors, GPCRs, and Rho family GTPases (Dbouk et al., 2012). The ability of 

p110β to integrate signals from RTKs and GPCRs is critical in its signalling role in myeloid 

cells (Houslay et al., 2016). p110α is sensitive to activation downstream of insulin receptors 

due to it being both directly and indirectly activated through RTK mediated activation of 

Ras (i.e. GRB2 binds and is activated by an activated RTK, which in turn binds a Ras GEF 

SOS).  

1.2.3    Physiological Roles of class IA PI3Ks 

The class IA PI3K enzymes mediate many physiological roles. While there is a 

degree of redundancy in the roles of the class IA PI3Ks, the different isoforms display 

variation in their expression profiles, signalling inputs, and inter-protein regulatory 
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mechanisms. The p110α and p110β catalytic subunits are ubiquitously expressed, while 

the p110δ and the class IB isoform p110γ subunits share a more restricted immune cell 

specific expression profile (Chantry et al., 1997; Kok et al., 2009; Vanhaesebroeck et al., 

1997). Knock-in genetic models and isoform-selective inhibitors have revealed the 

essential roles of specific PI3K isoforms, and these isoform specific roles are described 

below.  

The p110α isoform is vital for growth, metabolism, and proliferation. Loss of 

expression or activity of the catalytic subunit p110α leads to embryonic lethality, 

characterised by proliferative defect and developmental delays in the embryo (Bi et al., 

1999; Foukas et al., 2006). Mice heterozygous for a kinase dead mutation in p110α showed 

significant decreases in somatic growth of skeletal muscle, which also occurred alongside 

increased adiposity, hyperinsulinemia and glucose intolerance (Foukas et al., 2006).  

Numerous studies have now outlined the critical role that the PI3Kα isoform plays in 

metabolic regulation, as PI3Kα is the primary isoform downstream of the insulin receptor 

(Foukas et al., 2006; Knight et al., 2006; Zhao et al., 2006). PI3Kα is also activated 

downstream of other growth factor receptors, where it is activated by epidermal growth 

factor receptor (EGFR) in human breast tissue and also shows redundancy with the PI3Kδ 

isoform for development of pre-B cells in the immune system (Juvin et al., 2013; Ramadani 

et al., 2010). The p110β subunit is also essential, and knockout of this isoform in mice also 

leads to embryonic lethality (Bi et al., 2002). P110β has also been implicated in immune 

cell development as well as platelet function, and spermatogenesis (Ciraolo et al., 2010; 

Jackson et al., 2005; Kulkarni et al., 2011). The PI3Kβ specific inhibitor TGX-221 was 

shown to block thrombus formation and platelet adhesion in mice (Jackson et al., 2005). 

While all p110 isoforms can sustain cell growth and survival, the development of 

immune cells requires the p110 isoform. As such, PI3Kδ is activated downstream of 

immune specific receptors such as the B Cell Receptor (BCR) or CD19, and PIP3 

production leads to recruitment of PH containing effectors such as AKT and BTK. Mice 

with a catalytically inactive p110δ exhibit impaired antigen receptor signalling in B- and 

T-cells, and levels of phosphorylated AKT are attenuated even in the presence of agonist 

stimulated B cell or T cell receptors (BCR and TCR) (Bilancio et al., 2006; Okkenhaug et 
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al., 2002; Ramadani et al., 2010). At the organismal level, these mice exhibited impaired 

immune responses and mild inflammatory bowel disease. In the example of B cell 

signalling, PI3Kδ is redundant with the PI3Kα isoform in the development of pre-B cells, 

however only PI3Kδ is necessary for the development of B-cells at their later stages 

(Foukas et al., 2010; Ramadani et al., 2010). Knockout of PI3Kδ leads to a blockade of B-

cells in their production of natural antibodies and development of marginal zone B cells, 

processes which are mediated through BCR signalling (Ramadani et al., 2010). The kinase 

dead mice exhibited a complete reduction in marginal zone B cells (Okkenhaug et al., 

2002). In this regard, PI3Kα is not capable of BCR-mediated responses, and is only 

producing the low, basal levels of PIP3. High levels of PIP3 lead to an inhibition of FOXO 

transcription factors via phosphorylation by activated AKT (Brunet et al., 1999). Genes 

under FOXO control include aid and bcl6, which are key for generation of class switched 

B cells to produce high affinity antibodies in response to antigen binding of the BCR 

(Okkenhaug, 2013). Constitutive activation of PI3K signalling maintains FOXO inhibition 

and abrogates development. Thus, PI3K signalling must be tightly controlled to produce 

precise levels of PIP3 at appropriate times during B cell development. PI3Kδ is also 

important for T cell development, where normal signalling leads to differentiation of T 

cells into different T helper cell types (Okkenhaug et al., 2006).  

Due to this fundamental role in a plethora of vital functions, the misregulation of 

PI3K signalling occurs in a variety of human diseases, including cancer, 

immunodeficiency, and diabetes (Fruman et al., 2017). Disease can be caused by 

overactive and inactive PI3K signalling, underlying the importance of maintaining 

regulated levels of PI3K activity, and thus the production of PIP3.  

1.3  Class IA PI3Ks in cancer  

The catalytic isoform p110α is one of the most mutated genes in cancer. Somatic 

point mutation frequency in cancer in both PIK3CA (Samuels et al., 2004) and PIK3R1 

(Cheung et al., 2011; Urick et al., 2011) are indicated in Fig. 7A-B. Intriguingly, de novo 

germline and postzygotic, somatic mosaic mutations in similar locations in PIK3CA and 

PIK3R2 (p85β) also lead to overgrowth and developmental disorder syndromes (Lindhurst 
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et al., 2012; Mirzaa et al., 2015; Nakamura et al., 2014; Orloff et al., 2013; Rivière et al., 

2012; Terrone et al., 2016), revealing that the same mutant can lead to cancer and/or 

developmental disorders (Table 1). There are two hotspot regions in PIK3CA located at 

the nSH2-helical interface (E542K, E545K) and the C-terminus of the kinase domain 

(H1047R) involved in membrane binding (Fig. 7A-B). However, in addition there are 

numerous rare mutations distributed throughout the primary sequence, primarily localised 

at the ABD-kinase interface, ABD-RBD linker, C2-iSH2 interface, and the regulatory arch 

of the kinase domain which is situated over the active site (Fig 7A, D). Rare mutations 

activate lipid kinase activity, induce oncogenic transformation (Burke et al., 2012; 

Gymnopoulos et al., 2007; Zhao and Vogt, 2008) and are found in endometrial cancers 

(Rudd et al., 2011). 
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Figure 7: Activating mutations in PIK3CA and PIK3R1 are oncogenic. 

(A) Structural model of PI3Kα (p110α/p85α) highlighting the location of activating 

mutations as spheres. Sphere size and colour correspond to the frequency of mutations. 

Frequency graphs representing the number of times each residue of (B) PIK3CA or (C) 

PIK3R1 is found mutated in solid tumours as reported in the COSMIC database (Forbes et 

al., 2016). The numbered boxes (1-4) correspond to mutation hotspots at regulatory 

interfaces. (D) Cartoon representation of PI3Kα (p110α/p85α). The regulatory arch is 

shown here in blue, and the activation loop is shown in yellow. Adapted from Dornan and 

Burke, 2018. 

 

Mutants located at the ABD-kinase, C2-iSH2, and nSH2-helical interfaces 

activate lipid kinase activity through disruption of these inhibitory contacts. Intriguingly 

there appears to be allosteric long range coupling between these sites, as disruption of the 

C2-iSH2 interface also leads to disruption of the ABD-kinase interface (Burke et al., 2012). 

Mutations within the regulatory arch (a region composed of the two most C-terminal 

helices, kα10 and kα11, residues 1017-1049) appear to work through a separate 

mechanism, where conformational changes induced by these mutations drive increased 

membrane recruitment (Burke et al., 2012; Hon et al., 2012). The regulatory arch lies 
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directly over the active site of the enzyme (Fig. 7A). Different mutations induce oncogenic 

transformation through different mechanisms, with the H1047R mutant requiring p85 

mediated recruitment to RTKs, and no longer requiring Ras for transformation, while the 

E545K mutation still requires input from Ras, and no longer requires p85 mediated RTK 

activation (Zhao and Vogt, 2008). This is consistent with the putative mechanism of Ras 

activation, where Ras drives membrane recruitment, and H1047R evades this requirement 

due to enhanced membrane binding (Buckles et al., 2017; Siempelkamp et al., 2017).  

Somatic cancer associated point mutations in PIK3R1 are similarly localized at 

regulatory interfaces (Fig. 7A, C), with the most frequent mutation occurring at the C2-

iSH2 interface (N564K/D). These mutants primarily activate PI3K signalling through 

p110α activation (Jaiswal et al., 2009; Jimenez et al., 1998; Urick et al., 2011). Loss of 

p85α is also a driver of cancer as it acts as a tumour suppressor, and oncogenic 

transformation due to loss of p85α is also driven by p110α (Thorpe et al., 2017). Several 

deletions/truncations identified in PIK3R1 also can mediate oncogenic transformation 

through different mechanisms. Truncations at the C-terminus of the iSH2 domain can still 

interact with p110 subunits, and disrupt inhibitory contacts (Jimenez et al., 1998), leading 

to increased PI3K activity. Intriguingly oncogenic truncations also occur N-terminal to the 

iSH2 domain, and they are unable to bind p110 subunits. These truncations are proposed 

to function through modification of free p85 interactions with binding partners (Cheung et 

al., 2015, 2014, 2011), including the antagonist of PI3K signalling, the phosphatase PTEN.  

1.4  Class IA PI3Ks in developmental disorders 

Mutations in PIK3R1 leading to decreased PI3K signalling are also found in 

patients with developmental disorders, with autosomal dominant or de novo mutations in 

the cSH2 (R649W, K653*, and Y657*; more mutations listed in Table 1) leading to insulin 

resistance, and dramatically decreased PI3K signalling (Bárcena et al., 2014; Chudasama 

et al., 2013; Dyment et al., 2013; Huang-Doran et al., 2016; Klatka et al., 2017; Schroeder 

et al., 2014; Thauvin-Robinet et al., 2013). This condition is defined as SHORT syndrome 

(Short stature, hyperextensibility of joints and/or inguinal hernia, ocular depression, Rieger 

anomaly, and teething delay), and is caused by the inability of the cSH2 domain to interact 
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with phosphorylated RTKs, as mutation of R649 disrupts the FLVR motif critical for SH2 

binding to phosphorylated pYXXM motifs. While not mediating inhibitory interfaces 

through p110α, the cSH2 drives the high affinity interaction between class IA PI3Ks and 

pYXXM motifs and this leads to decreased class IA PI3K activation (Klippel et al., 1992). 

1.5  Class IA PI3Ks in primary immunodeficiencies 

Activating, autosomal dominant and de novo mutations in the genes encoding the 

PI3Kδ subunits have been discovered in patients with primary immunodeficiencies, and 

this condition is called activating PI3K delta syndrome (APDS). Mutations were identified 

via whole-exome sequencing in both PIK3CD (p110δ) and PIK3R1 (p85α) where 

activating mutations in PIK3CD are classified as APDS1 and mutations in PIK3R1 are 

identified as APDS2 (Angulo et al., 2013; Deau et al., 2014). Patients with APDS present 

with diverse clinical manifestations but are characterised by common features. Common 

clinical features of APDS include recurrent infections of the respiratory tract and sinus, 

increased susceptibility to persistent or recurrent viral infection, specifically with members 

of the herpes virus family (i.e Epstein barr virus), as well as increased occurrence of benign 

lymphoproliferation and increased risk of B cell lymphoma (Lucas et al., 2016). Patients 

with APDS2 can also present with symptoms of growth retardation that are typical of 

SHORT syndrome.  

Mutations in PIK3CD were originally identified in patients exhibiting B-cell 

immunodeficiency (Jou et al., 2006). The first APDS1 mutation characterised was the 

E1021K mutation located in the C-lobe of the kinase domain, and within 6 Å of the kinase-

cSH2 interface (Angulo et al., 2013). This mutation, similar to the corresponding p110α 

mutation H1047R, has been the most frequently identified APDS mutation. Prior to, and 

over the course of this study, further mutations have been discovered and identified in PID 

patients at the C2-iSH2 interface (N334K, R405C, C416R), nSH2-helical interface 

(Y524N, E525K, E525A), and at the C-terminus of the kinase domain (R929C, E1025G) 

(Fig. 8, Table 1) (Coulter et al., 2017; Crank et al., 2014; Dulau-Florea et al., 2017; 

Elgizouli et al., 2016; Hartman et al., 2015; Heurtier et al., 2017; Liu et al., 2016; Lucas et 

al., 2013; Luo et al., 2018; Rae et al., 2017; Saettini et al., 2017; Teranishi et al., 2017; 
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Tsujita et al., 2016; Y. Wang et al., 2018; Wentink et al., 2017). A recent mutation, P658L, 

is located in the helical domain within 6 Å of the C2 and the iSH2 but not close to the 

helical-nSH2 interface (Lougaris et al., 2019).  

 
Figure 8: Activating mutations in PIK3CD and PIK3R1 lead to the primary 

immunodeficiency, APDS. 

(A) Cartoon representation of p110δ/p85α. The regulatory arch is shown here in blue, and 

the activation loop is shown in yellow. (B) Wiring and mutation schematic of p110δ/p85α. 

Highlighted here are the regulatory interfaces between p110δ/p85α with APDS and related 

immunodeficiency mutations mapped onto the domain architecture. The double ended 

arrow between the ABD and iSH2 represents the stabilising interface of the p110δ/p85α 

heterodimer. The flat ended arrows represent the inhibitory interfaces between 

p110δ/p85α. A full list of APDS1/2 mutations can be found in Table 1. (C) Structural 

model of p110δ/p85α highlighting the location of activating mutations. The numbered 

boxes (1-4) correspond to mutation hotspots at regulatory interfaces. Colour coded to 

match the cartoon representation and the wiring diagram. Adapted from Dornan and Burke, 

2018. 

 

APDS1 mutations in PIK3CD are found in similar locations to oncogenic 

mutations in p110α, throughout the primary sequence primarily at hot spot regions of key 

regulatory interfaces between p110 and p85. While the corresponding mutations in p110α 
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have been previously characterised (Burke et al., 2012), the exact mechanisms mediating 

the activation of p110δ have yet to be defined. Further questions remain as to how these 

mutations might differ compared to those in PIK3CA due to the previously defined 

differences in regulation between PI3Kα and PI3Kδ. For example, the E1021K mutation 

might affect the kinase-cSH2 interface observed in PI3Kδ but not in PI3Kα. 

Mutations in PIK3R1, that are classified as APDS2, have also been identified in a 

number of immunodeficiency patients, with the most frequent mutation resulting in a splice 

variant that removes exon 11; The result is a deletion in p85α of the region spanning 

residues 434-475, which is located at the N-terminus of the iSH2 domain (Deau et al., 2014; 

Hauck et al., 2017; Kuhlen et al., 2016; Lucas et al., 2014; Petrovski et al., 2016). This 

mutant may decrease protein stability of p110 subunits, and there have been reports of these 

patients having symptoms consistent with both SHORT syndrome and APDS (Bravo 

García-Morato et al., 2017; Petrovski et al., 2016). Another activating point mutation has 

been identified in the iSH2 domain of PIK3R1 at the C2-iSH2 interface (N564K), causing 

APDS2 symptoms (Wentink et al., 2017). This mutant is also found in solid tumors, and it 

appears in certain situations it can drive p110α mediated oncogenesis or drive p110δ 

mediated immunodeficiency.  

Loss of function mutations in both PIK3CD and PIK3R1 also occur in immune 

disorders, with patients identified with autosomal recessive nonsense mutations in PIK3R1 

(W298*, R301*) leading to Agammaglobulinemia, and severe defects in B-cell 

development (Conley et al., 2012; Tang et al., 2018). Another study found a complex 

mutation in PIK3CD (V552Sfs*26) that results in the truncation of p110δ within the helical 

domain and rendering the complex non-functional due to the loss of the catalytic kinase 

domain (Sogkas et al., 2018). Patients harbouring this mutation presented with similar 

clinical features (B-cell developmental defects, agammaglobulinemia) as well as another 

less common characteristic of inflammatory bowel disease. Another LOF mutation was 

identified in PIK3CD (Q721*), which also leads to a truncation that removes the kinase 

domain. These patients exhibited common APDS1 clinical manifestations along with those 

not associated with APDS due to the dual loss of another protein. 
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1.6  Therapeutic Interventions of Class IA PI3K Disease 

Since the identification of p110/p85 as oncoproteins and due to the 

involvement of all p110 isoforms in a wide range of human disease, PI3Ks have been key 

targets for drug design. The first PI3K inhibitors include Wortmannin, a covalent inhibitor 

derived from multiple fungal species, and LY294002, the first synthesized PI3K inhibitor 

(Powis et al., 1994; Vlahos et al., 1994; Wymann et al., 1996). Since then, many therapeutic 

avenues surrounding PI3K pathway activation have been investigated and include the 

identification of pan-PI3K inhibitors, p110 isoform specific inhibitors, activating mutation 

specific inhibitors, and inhibitors that target other members of the PI3K/AKT/mTOR 

signalling pathway. Despite multiple avenues and a push to develop novel inhibitors of 

PI3Ks, very few PI3K inhibitors have been successfully approved by the FDA (Janku et 

al., 2018).  

The major issues affecting progress of PI3K inhibitor development for therapeutic 

interventions include lack of efficacy and severe side effects due to on- and off-target 

effects. The p110 isoform is expressed ubiquitously and mediates insulin signalling in 

cells. Pan-PI3K and p110 selective inhibitors cause severe side effects associated with 

abrogated insulin signaling. Additionally, it was recently shown that insulin levels can 

recover post p110 inhibition (insulin feedback) and re-activate the PI3K/AKT/mTOR 

signalling axis in tumours, despite p110 inhibition (Hopkins et al., 2018). By controlling 

insulin feedback through a ketogenic diet that decreases serum insulin levels, p110 

inhibition lead to better side-effects profile and efficacy. Future clinical trials of 

compounds that target p110 may benefit from dietary intervention in patients, as this 

could be the key factor for improved therapeutic efficacy. 

Engineering of PI3K isoform specific inhibitors is also expected to reduce off-

target effects and toxicity. There are currently multiple compounds in various phase clinical 

trials (phases I-III) for all isoforms of class I PI3Ks however, the first PI3K inhibitor to be 

FDA approved was the potent p110δ specific inhibitor Idelalisib for chronic lymphocytic 

leukaemia (Furman et al., 2014; Herman et al., 2010). Despite these promising results for 

idelalisib, further studies have reported high risk of adverse effects associated with an 
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abrogation of the immune system including hepatotoxicity, lung infection, sepsis, and 

pneumonitis among others (Barr et al., 2016; Lampson et al., 2016). Clinical trials are 

underway for novel p110 specific inhibitors due to the role of p110 in respiratory 

infections and APDS. 

Prior to identification of activating mutations in p110δ/p85 as a cause of primary 

immunodeficiencies, APDS patients received treatment courses that targeted their 

phenotypes. APDS patients commonly exhibit antibody deficiency, lymphopenia and 

recurrent infections. To treat these symptoms, patients were, and still are, treated with 

prophylactic antibiotic therapy, steroids, immunoglobulin replacement therapy (IRT), or a 

combination thereof (Coulter and Cant, 2018; Rae et al., 2017). This treatment course has 

been reported to be beneficial to many patients with regards to respiratory tract infections 

but fails to elicit improvement in herpes virus infections and lymphoproliferation or 

lymphoma (Coulter and Cant, 2018). Haematopoietic stem cell transplantation (HSCT) is 

another therapeutic option for patients with severe disease progression that do not respond 

to other treatments. Patients with severe APDS1 or APDS2 have responded well to HSCT 

treatment, with many undergoing successful chimerism and few complications. HSCT does 

have associated risks, such as poor chimerism leading to a return to previous therapies or 

death (Coulter et al., 2017; Coulter and Cant, 2018). 

After confirmation of APDS1/2 through PIK3CD/PIK3R1 sanger sequencing, 

many patients have been started on the allosteric mTOR inhibitor Rapamycin (Sirolimus) 

(Coulter and Cant, 2018; Lucas et al., 2016, 2013; Rae et al., 2016). This intervention has 

shown good results in reducing symptoms of lymphoproliferation and has also been 

combined with IRT to target the wide range of symptoms exhibited in APDS (Rae et al., 

2016). Idelalisib, the PI3K specific inhibitor, is unlikely to be of interest as an APDS 

therapeutic due to its significant adverse effects profile mentioned previously. Other 

compounds that specifically target PI3K are currently under investigation as a therapeutic 

intervention for APDS patients, with a focus on inhaled delivery of the compound (Coulter 

and Cant, 2018). Initial biochemical characterisation and clinical trials of Leniolisib 

(CDZ173, trial ID: NCT02859727) showed dose-dependent inhibition of PI3K both in 

vitro and in patient cells (Rao et al., 2017). Importantly, circulating B-cell populations were 
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normalised and lymphoproliferation was reduced; these therapeutic benefits did not 

coincide with significant adverse effects. This trial has been extended to a longer-term, 

placebo controlled and randomized study (trial ID: NCT02435173). Another inhaler-based 

compound currently in clinical trials is Nemiralisib (GSK2269557, trial ID: 

NCT02593539). Nemiralisib has previously been tested for persistent, uncontrolled asthma 

(trial ID: NCT02567708) and in healthy subjects (trial IDs: NCT02972905, 

NCT02691325) to test the safety and tolerability of the compound in humans (Ino et al., 

2019; Khindri et al., 2018; Wilson et al., 2018). Neither of the three clinical trials revealed 

any adverse effects in healthy subjects or patients with asthma indicating a promising safety 

profile for treatment of patients with APDS. Even though p110δ inhibitors have shown 

promise as therapeutics, careful consideration of unexpected complications is critical, as 

long-term inhibition of p110δ signalling can lead to B cell genomic instability through an 

Activation-induced cytidine deaminase (AID) dependent mechanism (Compagno et al., 

2017). 

1.7  Research objectives 

The identification of activating mutations/deletions in class IA PI3K subunits 

leading to numerous disease states has highlighted their intricate isoform specific 

regulation. Deletions in the p85 regulatory subunit have divergent/contrasting effects on 

its ability to regulate different class IA p110 catalytic subunits, where a deletion in the N-

terminal region of the coiled-coil iSH2 of p85 leads to p110δ driven immunodeficiency 

and C-terminal iSH2 deletions can lead to a putative p110α driven cancer formation. C-

terminal deletions downstream of the iSH2 or perturbations to the cSH2 specifically can 

lead to SHORT syndrome. The mechanistic basis of how these deletions drive isoform 

specific phenotypes is undefined. APDS1 mutations in the p110δ catalytic subunit occur 

throughout the primary sequence; while these mutations could be driving disease through 

similar mechanisms as the corresponding oncogenic p110α mutations, differences in 

regulation between the two isoforms could yield novel insights into how p110δ is regulated. 

Insights gained from answering these questions could lead to novel therapeutic strategies 

for class IA PI3K driven disease.  
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The aims of this dissertation were to gain novel insight into the molecular 

mechanisms mediating class IA PI3K regulation by studying diseases driven by PI3K 

activating mutations. To this end, the following questions were addressed: 

1. What are the molecular mechanisms of PIK3CD mutations, and how are they 

mediating disease? Are the mechanisms of PIK3CD mutations similar to oncogenic 

PIK3CA mutations or are they specific to the PI3Kδ isoform? 

2. What are the specific mechanisms mediating PIK3R1 deletions driving different 

disease outcomes (APDS, cancer)? 

To answer these questions, I have used a sophisticated combination of 

biochemistry and hydrogen-deuterium exchange mass spectrometry (HDX-MS) to probe 

the function and allosteric conformational changes in WT and clinical mutants of class IA 

PI3Ks. Class IA PI3Ks are peripheral membrane proteins that undergo conformational 

changes to exert their biological function. Characterising these dynamic changes is difficult 

using only static structural information, thus HDX-MS provides a unique opportunity to 

study regulatory mechanisms of class IA PI3Ks that are mediated through conformational 

movement during natural activation. The data presented in this thesis have elucidated novel 

mechanisms of class IA PI3K isoform regulation and further our overall knowledge of 

PI3K biology and the natural activation cycle.  
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Chapter 2: 

Materials, Methods, and an Overview of Hydrogen-deuterium 

Exchange Mass Spectrometry (HDX-MS) for the Study of Lipid 

Signaling Enzymes 

 

 

Adapted from: 

Vadas, O., Jenkins, M.L., Dornan, G.L., & Burke, J.E. (2017). Chapter Seven - Using 

Hydrogen–Deuterium Exchange Mass Spectrometry to Examine Protein–Membrane 

Interactions. Methods Enzymol. M.H. Gelb, ed. (Academic Press), pp. 143–172. 

 

Dornan, G.L., Siempelkamp, B.D., Jenkins, M.L., Vadas, O., Lucas, C.L., & Burke, J.E. 

(2017). Conformational disruption of PI3Kδ regulation by immunodeficiency mutations in 

PIK3CD and PIK3R1. Proc Natl Acad Sci. 114: 1982–1987. 

 

 

Contributions:  

OV, MLJ, and JEB wrote manuscript for Methods Enzymol. For PNAS, GLD generated 

the expression constructs. GLD and BDS generated the virus, expressed, and purified the 

protein. GLD generated lipid vesicles. GLD performed HDX-MS experiments. GLD and 

JEB designed research. OV and CLL contributed new reagents/analytic tools. GLD, BDS, 

MLJ, and JEB analysed data. GLD, BDS, CLL and JEB wrote the paper. 
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2.1  Introduction 

Hydrogen deuterium exchange mass spectrometry (HDX-MS) measures the 

exchange rate of amide hydrogens in solution, providing insight into protein structure and 

dynamics. Amide hydrogens are excellent probes for protein dynamics due to their 

involvement in hydrogen bonds in secondary structure elements ( helices and  sheets). 

The exchange rates of hydrogens in proteins are determined by multiple factors discussed 

further below, however, the only hydrogens exchanging with water under physiological 

conditions are the amide hydrogens and the hydrogens at polar/charged amino acids and 

the N and C-termini (Fig. 9). Sidegroup and termini hydrogens can be excluded from 

measurements as they exchange extremely rapidly independent of protein structure. The 

amide hydrogens exchange at rates that vary from seconds to days depending on dynamics 

of secondary structure. Proteins are dynamic molecules and protein regulation is driven by 

conformational changes. The ability to measure dynamic changes allow one to answer 

questions on protein conformation; this information when taken in combination with static 

structures, can be used to define key mechanisms of protein function. 

The fundamental basis of hydrogen exchange in proteins has been studied since 

the 1950’s, where hydrogen exchange of proteins was originally measured using density 

gradients or liquid scintillation counting of the radioactive isotope tritium. Hydrogen 

deuterium exchange coupled with mass spectrometry was not established until the early 

1990’s (Englander, 2006). As such, the hydrogen exchange mechanism is well defined in 

proteins and the use of MS to analyse the exchange rate has undergone rapid development. 

Below, I will describe practical methodology of HDX-MS and briefly discuss examples of 

the applications of the method to probe different aspects of protein structure and function. 

To summarise the method, amide hydrogens undergo exchange reactions which are both 

acid-base catalysed, making the exchange reaction pH sensitive with a global minimum of 

pH~2.5 (Molday et al., 1972). The kinetics of deuterium incorporation can be dramatically 

decreased by rapidly reducing the pH to the minimum at 2.5, which allows for locking 

exchange into place following incubation at physiological pH. Following this step, proteins 

are proteolytically digested and analysed by LC/MS to quantify deuterium incorporation 

within distinct peptides. This information itself can be useful in determining the overall 
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level of structure within a protein where regions of order would include alpha helices or 

beta sheets and regions that show high level of disorder such as disordered loops.  

Subsequently this information can be compared to data derived from the same protein in a 

different state to identify the changes that a protein undergoes during different conditions 

(i.e. enzyme binding its substrate).  
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Figure 9: Hydrogens in protein. 

There are three types of hydrogens in proteins. Amide hydrogens (orange) are integral in 

forming secondary structure elements through hydrogen bonding; Amide hydrogen 

deuterium exchange rates are measurable on a practical scale, occurring between seconds 

and weeks. Hydrogens in the side chains and at the N- and C-terminal amine and carboxylic 

acid exchange too rapidly to be measured (green). Carbon bonded hydrogens (blue) 

exchange with deuterium too slowly to be measured. The protonation state of amino acid 

C- and N-terminal groups are affected by the buffer pH (COOH/COO- or NH2/NH3
+). The 

protonation state of side chains of amino acids can also change, depending on the amino 

acid. A) An example peptide under physiological conditions (pH 7.4) or B) at the hydrogen 

deuterium exchange minimum (pH 2.5). 



 

 

34 

2.2  Methodology 

Hydrogen Deuterium Exchange 

Hydrogen-deuterium exchange (HDX) was originally utilized by Linderstrøm-

Lang in the early 1950’s and the kinetics of HDX in the context of proteins has been 

expertly reviewed previously (Engen, 2009; Englander, 2006; Vadas and Burke, 2015), so 

I will limit this discussion to relevant factors that affect exchange rates. To briefly 

summarize, the exchange rate of amide hydrogen with deuterium is affected by multiple 

parameters including pH, temperature, protein conformation (involvement in hydrogen 

bonding), primary sequence, and solvent accessibility (Bai et al., 1994, 1993; Connelly et 

al., 1993; Skinner et al., 2012). By controlling the pH, temperature and primary sequence 

in experiments, the measured exchange rate of hydrogens can be attributed primarily to the 

secondary structure and solvent accessibility of the protein. The consensus in the field is 

that the secondary structure or protein conformation dictates the exchange rate of hydrogen 

with deuterium more significantly than solvent exposure (Skinner et al., 2012). Thus, HDX 

data can inform on the presence and stability of secondary structure in proteins. 

As the hydrogen deuterium exchange is both acid-base catalysed, these reactions 

are highly sensitive to perturbations in pH. The charge state of peptides is affected by 

different pH levels. The amino termini of amino acids have pKa values greater than 8.5 

while the pKa values of the carboxy termini of amino acids are less than 2.4 (with the 

exception of tryptophan at ~2.8). Some of the amino acid side chains also possess pKa 

values (Cys, His, Asp, Glu, Tyr, Lys, Arg), meaning the charge states of these side chains 

are also determined by the pH of the buffer. The pKa values are important as they indicate 

the state of a molecule at specific pH values. The Henderson-Hasselbalch equation defines 

the relationship between pH and pKa, where pH is equivalent to pKa + log ([conjugate 

base]/[acid]). When the acid and conjugate base are at equivalence, pH is equal to pKa. 

When pH is lower than pKa, there is an abundance of protons and that species becomes 

protonated whereas when pH is higher than pKa, a species will become deprotonated. For 

amino acids at physiological pH of approximately 7.4, the carboxy terminus becomes 

deprotonated and holds a negative charge as the pH is higher than the pKa (Fig. 9A). The 
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amino terminus is positively charged as the pKa is greater than the pH. When the pH is 

higher than the pKa, the proton is donated whereas when the pH is lower than the pKa, the 

species becomes protonated (Fig. 9A). The deuterium exchange chemistry relies on these 

principles as well, where the amide group possesses strong acid and base pKa values 

(Englander, 2006). These values influence indicate why the deuterium exchange reaction 

is acid and base catalysed. The reaction has multiple steps, where the amide is 

deprotonated, followed by protonation of the carbonyl oxygen, and finally protonation of 

the nitrogen, which is the rate limiting step. Changes in pH will affect the rates of each 

step, as this will alter the level of OH- and H3O
+ that drive base and acid catalysed rates 

through the acceptance or donation of protons. The acid and base catalysed rates are also 

influenced by the different amino acid side chains (Englander et al., 1972; Molday et al., 

1972). As some side chains are strongly affected by pH, this in turn will also affect their 

ability to influence acid and base catalysed rates. Thus, changes to pH can affect exchange 

rates through multiple aspects which will lead to differences in exchange rates. The pH 

must be strongly considered when planning HDX experiments and pH must be tightly 

controlled between samples in experiments as varying rates will ultimately affect the total 

deuterium incorporation for HDX-MS experiments.  

Measurement of the deuterium incorporation at different time points allows for a 

more comprehensive understanding of protein structure and dynamics. The HDX 

experiments presented in this thesis involve the exposure of proteins to a deuterium buffer 

over time, where multiple samples are subjected to deuterium exchange for different 

amounts of time (Fig. 10A). Time point selection depends on the goal of the project. Short 

time points (i.e. 3 seconds) can provide information regarding regions of high disorder or 

flexibility, such as exposed loops that are not part of a hydrogen bonding network. Regions 

of highly stable secondary structure (involvement in hydrogen bonding or protection from 

solvent) can be identified with longer periods of deuterium exchange (i.e. 300-3000 

seconds) (Vadas and Burke, 2015). The HDX reactions are then stopped through addition 

of a quench buffer to the sample at the specified time point and through immediate snap 

freezing in liquid nitrogen for long term storage (~2 weeks) until samples can be processed 

(Fig. 10B). The quench buffer reduces the pH to 2.5 and the temperature to 0C, conditions 



 

 

36 

that reduce hydrogen-deuterium exchange rates to a minimum (Molday et al., 1972; 

Walters et al., 2012). All processing of samples after this point must be maintained at a pH 

of 2.5 and a temperature of 0C to minimize back exchange that can occur in UPLC buffers. 

 
Figure 10: Overview of the methodology of HDX-MS. 

(A) Proteins in aqueous buffer are incubated in a deuterium buffer for multiple lengths of 

time (i.e. one set of samples at 3 seconds, another set of the same samples at 300 seconds). 

(B) Deuterium exchange reactions are quenched by addition of quench buffer which drops 

the pH to 2.5 and the temperature to 0C. This step also denatures the protein sample. (C) 

Protein samples are then injected onto an Ultra Performance Liquid Chromatography 

(UPLC) system with in-line pepsin columns that digest the denatured protein samples into 

peptides. Peptides are separated by reverse phase liquid chromatography before being 

injected onto the mass spectrometer for mass measurement. 

 

Protein Digestion, Peptide Identification, and Deuterium Quantification 

Digestion of proteins into distinct peptides of varying lengths allows for spatial 

localisation of deuterium incorporation, which can then be attributed to specific regions of 

a protein for biological analysis. Following digestion, peptides are then separated by 
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reverse phase chromatography and injected onto the MS for mass measurement (Fig. 10C) 

(Zhang and Smith, 1993). As pH must be maintained at 2.5 to reduce back exchange of 

deuterium to a minimum, an acid functional protease must be used for efficient digestion 

of proteins. This is achieved through tandem in-line pepsin columns; specifically, these 

columns contain pepsin immobilised on ethyl-bridge hybrid (BEH) particles. Additionally, 

running these columns under high pressure conditions (>10,000 psi) leads to enhanced 

protein digestion (Ahn et al., 2012; Jones et al., 2010). Peptides are then separated through 

a reverse-phase C18 column before injection onto the MS for mass measurement. Once the 

peptides are injected onto the MS, they are ionised using an electrospray ionisation source 

and fragmented by collision induced dissociation (CID) into ion pairs. Through MS/MS, 

peptide maps of the non-deuterated protein(s) are generated which allows tracking of 

deuterated peptides in downstream analysis to the protein primary sequence.  

Found below are the peptide maps for class IA PI3K p110δ/p85α (Fig. 11 & 12). 

Deuterium incorporation information is lost at the two amides adjacent to the cleavage site, 

this can be overcome through generation of overlapping peptides to improve spatial 

resolution of deuterium incorporation (Kan et al., 2013; Walters et al., 2012). 

 
Figure 11: Peptide coverage map for the p110δ protein. 

Identified and analyzed pepsin-digested peptides are shown under the primary sequence of 

p110δ as black bars. A peptide digestion protocol was optimized for WT full-length 

p110α/p85α heterodimer and allowed for the identification of 227 peptides spanning 93.8% 

of p110α. 
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Figure 12: Peptide coverage map for the p85α protein. 

Identified and analyzed pepsin-digested peptides are shown under the primary sequence of 

p85α as black bars. A peptide digestion protocol was optimized for WT full-length 

p110α/p85α heterodimer and allowed for the identification of 133 peptides spanning 96% 

of p85α.  

 

The total ion count (TIC) is generated through analysis of all major ions detected 

from the fragmented peptides over the total time it takes to inject all peptides (Fig. 13A). 

Specific time points throughout the TIC curve represent the various peptide spectra (Fig. 

13B). Each spectrum represents a single peptide, and the spectrum for each peptide is how 

the deuterium incorporation can be tracked (Fig. 13C). In the example presented, the left 

spectrum for the specific peptide represents a non-deuterated control with the right spectra 

showing two time-points of deuterium exchange for two protein conditions (WT [top] vs. 

Mutant [bottom]). As deuterium is heavier than hydrogen, increasing levels of deuterium 

incorporation will cause spectra to shift towards the right. This allows the quantification of 

deuterium incorporation at specific peptides. 

HDX-MS generates large volumes of data which scales with the size of the 

protein(s) being analysed. Methods of deuterium quantification have been extensively 

developed over the past 15-20 years to produce solutions to automation of data analysis 

through computational means. There are now multiple HDX-MS data analysis packages 

on the market, which have recently been reviewed elsewhere (Gallagher and Hudgens, 

2016). The HDX-MS data in this thesis was exclusively analysed using the HD-Examiner 

software, which allows for the automatic calculation of the level of deuterium incorporation 
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of each peptide and the output shown below (Fig. 13C). Relative deuterium incorporation 

levels can be determined through this software, and presented as deuterium incorporation 

over time (Fig. 13D). Deuterium incorporation levels can be compared between two states 

(i.e. WT protein vs mutant protein) and the increases/decreases in deuterium incorporation 

can be mapped onto structural models and cartoon representations for visualisation of the 

data (Fig. 13E). 
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Figure 13: Peptide identification and deuterium quantification. 

(A) Representative UPLC total ion count (TIC) trace of a p110δ/p85α peptic digest. (B) 

MS spectra for the time window selected in the TIC in A. (C) Raw data for the peptide 

571-581 in p85α showing the shift in mass centroid upon deuterium incorporation after 0 

(nondeuterated, ND), 3 and 300 s exposure to D2O buffer. The difference in HDX in this 

peptide is highlighted for the WT and p85 APDS2 deletion constructs. (D) HDX 

incorporation plots for this peptide in the WT and p85 APDS2 deletion constructs. (E) 

Cartoon model of PI3Kδ indicating the region with increased deuterium incorporation. 
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2.3  Applications of HDX-MS 

Recent advances in HDX-MS have led to increased accessibility to study protein 

conformation and function, which in turn has led to broader applications of the method. 

HDX-MS application has expanded to studies of protein-ligand interactions, protein-

protein interactions, and as a complementary method (i.e. identifying regions of disorder 

to guide X-ray crystallographic strategies). This method has been especially useful in the 

study of large, complex macromolecular machines that associate with membranes such as 

PI3Ks. Structures of these enzymes exist; however, these static structures do not fully 

explain the endogenous/physiological mechanisms of activation. Thus, HDX-MS 

represents a particularly useful method to probe enzyme function in solution and in more 

physiologically representative environments. 

Structural dynamics and mechanisms of regulation of all classes of PI3Ks (I, II, 

III) have been probed using HDX-MS to identify conformational changes, PI3K 

interactions with binding partners and membranes, and inhibitor binding of PI3Ks. The 

ability of HDX-MS to provide information on the structure and conformation of proteins 

in solution has greatly expanded knowledge of the function of PI3Ks. The class I enzymes 

undergo allosteric conformational changes in their natural activation downstream of 

membrane receptor phosphorylation and these changes in conformation can be determined 

by HDX-MS. The natural activation mechanisms downstream of membrane receptors have 

previously been probed for all class I enzymes using HDX-MS (Burke et al., 2012, 2011; 

Burke and Williams, 2013; Dbouk et al., 2012; Siempelkamp et al., 2017; Vadas et al., 

2013; Walser et al., 2013). HDX-MS was also used to show differential regulatory 

mechanisms of p110 compared with p110 as mediated through p85 and that activating 

oncogenic mutations in p110 and p85 led to conformational changes that mimic natural 

activation (Burke et al., 2012, 2011). Mechanisms of class I PI3K activation downstream 

of other membrane receptors have also been investigated, showing HDX-MS ability to 

identify both the protein-protein interactions as well as changes in protein conformation 

induced upon binding of receptors to PI3K (Dbouk et al., 2012; Siempelkamp et al., 2017; 

Vadas et al., 2013; Walser et al., 2013). Finally, HDX-MS has been used to identify 
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membrane binding and membrane mediated activation of class I PI3Ks (Burke et al., 2012, 

2011; Dbouk et al., 2012).  

In addition to the class I PI3Ks, HDX-MS has also been used to probe mechanisms 

of class II and class III regulation. HDX-MS enabled identification of a novel 

autoregulation mechanism of the class II PI3KC2. The C-terminal PX-C2 domains unique 

to class II PI3Ks were shown to make intramolecular contacts with both the kinase domain 

and the RBD (H. Wang et al., 2018). The complex dynamics, and membrane binding 

regions of the class III PI3K VPS34 were also revealed using HDX-MS (Baskaran et al., 

2014; Ohashi et al., 2016; Rostislavleva et al., 2015). Further elucidation of the class II and 

class III PI3K mechanisms of regulation, mediated through interacting protein partners or 

membrane binding, will likely benefit from further studies using HDX-MS due to the 

complicated nature of these proteins and protein complexes. 

As all PI3Ks are implicated in a wide variety of human disease, identification of 

novel small molecule therapeutics is desirable. HDX-MS to screen and guide design of 

compounds is increasingly attractive, either on its own or as a complimentary method in 

conjunction with X-ray crystallography or NMR. The use of HDX-MS in drug discovery 

has been recently reviewed in depth (Masson et al., 2017a). One of the major challenges of 

characterising novel inhibitor mechanisms of action is the acquisition of high-resolution 

data of the compound bound to the target protein. Large proteins and protein complexes 

can be difficult to work with due to the protein quantity requirements and the ability of the 

protein to form crystals that will yield high-resolution structural data. HDX-MS can 

overcome these difficulties, as protein-ligand binding is characterised in solution and 

relatively low quantities are required. Recent characterisation of a panel of PI3K inhibitors 

bound to p110 has shown the power of this method in screening inhibitors against large 

complex proteins. Data was acquired at single amino-acid resolution and was able to show 

binding of even low affinity inhibitors, allowing comparison of inhibitor binding effects 

on conformation (Masson et al., 2017b).  

Molecular mechanisms that mediate class IA PI3K regulation during natural 

activation is difficult to study using more traditional methods such as X-ray crystallography 
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which captures static structural information, in part due to the dynamic nature of the 

enzymes and due to their interactions with membrane substrates. The ability to probe 

conformational dynamics of these large complexes in the presence of membrane substrates 

has made HDX-MS the ideal technique to study the complex regulatory mechanisms of 

class IA PI3Ks in their natural activation cycle and upon pathogenic mutation. 

2.4  Materials and Methods 

Materials 

Original plasmids of the wild-type p110α, p110δ and p85α were a kind gift from 

the Williams laboratory at the Laboratory of Molecular Biology (Cambridge, UK) and the 

Vadas laboratory at the University of Geneva (Geneva, Switzerland).  

Cloning 

All point mutations were produced using site-directed mutagenesis, where the WT 

plasmid is PCR amplified using primers that overlap and contain the mutation of interest. 

All deletion constructs, including the p85α (Δ434-475) APSD2 construct and the C-

terminal truncation constructs, were generated using a PCR based cloning method that 

follows the same flowpath as site-directed mutagenesis. The construct was amplified by 

PCR using two primers that flank the deletion site and contain an overlap. PCR reactions 

were performed on the wild-type p110 or p85α (primers listed in the appendix) and 

incubated with Dpn1 at 37C for 1 hour to overnight (Q5 High-Fidelity 2X MasterMix, New 

England Biosciences #M0492L; Dpn1, New England Biosciences #R0176S). The PCR 

product was then purified and transformed into competent E. coli cells according to 

manufacturers protocols (QiaQuick PCR Purification Kit, Qiagen #28104; XL10-Gold 

Ultracompetent Cells #200315). Single colonies were isolated, and plasmids were purified 

according to manufacturer protocols (QIAprep Spin Miniprep Kit, Qiagen #27106). 

Plasmid identity and mutation status was confirmed by Sanger sequencing (Eurofins 

Genomics). 

Baculovirus Generation 
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 Plasmids harbouring p110α, p110δ, wild-type p85α, and deletion were transformed 

into DH10MultiBac cells (MultiBac, Geneva Biotech, Switzerland) containing the 

MultiBac baculovirus viral genome (bacmid) and a helper plasmid expressing transposase 

to transpose the expression cassette harbouring the gene of interest into the baculovirus 

genome. Bacmids with successful incorporation of the expression cassette were identified 

by blue-white screening and were purified from a single white colony using a standard 

isopropanol-ethanol extraction method. Briefly, colonies were grown overnight (~16 

hours) in 2xYT (BioBasic #SD7019). Cells were pelleted by centrifugation and the pellet 

was resuspended in P1 Buffer (50 mM Tris-cl, pH 8.0, 10 mM EDTA, 100 ug/mL RNase 

A), chemically lysed by the addition of Buffer P2 (1% sodium dodecyl sulfate (SDS) 

(W/V), 200 mM NaOH), and the lysis reaction was neutralized by addition of Buffer N3 

(3.0 M potassium acetate, pH 5.5). Following centrifugation at 21130 rcf (Eppendorf 

Centrifuge 5424 R), the supernatant was separated and mixed with isopropanol to 

precipitate the DNA out of solution. Further centrifugation pelleted the Bacmid DNA, 

which was then washed with 70% Ethanol three times. The Bacmid DNA pellet was then 

dried for 1 minute and resuspended in Buffer EB (10 mM Tris-Cl, pH 8.5; All buffers from 

QIAprep Spin Miniprep Kit, Qiagen #27104). 

 Purified bacmid was then transfected into Spodoptera frugiperda (Sf9) cells 

between 0.3-0.5×106 cells/mL. Two mL of Sf9 cells between 0.3-0.5×106 cells/mL were 

aliquoted into the wells of a 6-well plate and allowed to attach, creating a monolayer of 

cells at ~70-80% confluency. Transfection reactions were prepared by the addition of 2-10 

g of bacmid DNA to 100 L 1xPBS and 12 L PEI at 1 mg/mL (Polyethyleneimine 

“Max” (MW 40.000), Polysciences #24765, USA) to 100 L 1X PBS. The bacmid-PBS 

and the PEI-PBS were mixed together, and the reaction occurred for 20-30 minutes before 

the mixture was added drop-by-drop to a Sf9 containing well. This transfection proceeded 

between 5-7 days, before the supernatant was harvested as a P1 viral stock.  

 Viral stocks were amplified by adding P1 viral stocks to suspension Sf9 cells 

between 1-2x106 cells/mL at a 1/100 volume ratio. This amplification produces a P2 stage 

viral stock that can be used in final protein expression. The amplification proceeded for 4-

5 days before harvesting, with cell shakings at 120 RPM in a 27°C shaker (New 
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Brunswick). Harvesting of P2 viral stocks was carried out by centrifuging cell suspensions 

in 50 mL Falcon tubes at 2281 RCF (Beckman GS-15).  

Protein Expression 

To express PI3K complexes, an optimised ratio of p110δ:p85α baculovirus was 

used to co-infect Sf9 cells between 1-2×106 cells/mL. Co-infections were harvested 

between 42-72 hours, washed with ice-cold 1X PBS, snap-frozen in LN2, and stored at -

80°C.  

Purification of p110/p85α WT and APDS1 or Oncogenic Mutants 

All PI3K variants were purified in an identical method by lysing cells and 

performing nickel affinity, streptavidin affinity, and size exclusion purifications. All steps 

in protein purification were carried out on ice, or in a 4°C cold room.  

Frozen Sf9 pellets were re-suspended in lysis buffer (20 mM Tris pH 8.0, 100 mM 

NaCl, 10 mM imidazole pH 8.0, 5% glycerol (v/v), 2 mM bME, protease inhibitor 

(Protease Inhibitor Cocktail Set III, Sigma)) and sonicated on ice for 1 minute 30 seconds 

(15s on, 15s off, level 4.0, Misonix sonicator 3000). Triton X-100 was added to the lysate 

at a concentration of 0.2% and centrifuged at 20,000 g for 45 minutes (Beckman Coulter 

Avanti J-25I, JA 25.50 rotor). The supernatant was then loaded onto a 5 mL HisTrap™ FF 

crude column (GE Healthcare #11000458) that had been equilibrated in NiNTA A buffer 

(20 mM Tris pH 8.0, 100 mM NaCl, 20 mM imidazole pH 8.0, 5% (v/v) glycerol, 2 mM 

bME). The column was washed with 20 mL of high salt NiNTA A buffer (20 mM Tris pH 

8.0, 1 M NaCl, 20 mM imidazole pH 8.0, 5% (v/v) glycerol, 2 mM ME), 15 mL of NiNTA 

A buffer, 20 mL of 6% NiNTA B buffer (20 mM Tris pH 8.0, 100 mM NaCl, 500 mM 

imidazole pH 8.0, 5% (v/v) glycerol, 2 mM ME) before being eluted with 100% NiNTA 

B. The elution was loaded onto 2x tandem 1 mL StrepTrap™ HP columns (GE Healthcare 

#29048653) equilibrated in Hep A buffer (20 mM Tris pH 8.0, 100 mM NaCl, 5% (v/v) 

glycerol, 2 mM bME). The columns were washed with 2 mL of Hep A buffer before 

addition of a tobacco etch virus protease containing a stabilizing lipoyl domain. Tobacco 

etch virus cleavage proceeded overnight (~ 12–16 h) before elution of cleaved protein in 
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1–2 mL of Gel Filtration Buffer (20 mM HEPES pH 7.5, 150 mM NaCl, 0.5 mM tris(2-

carboxyethyl)phosphine (TCEP)). Fractions were pooled and concentrated in a 50,000 

MWCO Amicon concentrator (Millipore) to between 300-1000 L. Concentrated protein 

was injected onto a Superdex™ 200 10/300 GL Increase size-exclusion column (GE 

Healthcare #28990944) equilibrated in Gel Filtration Buffer. Proteins were concentrated to 

a concentration between 0.5-4 mg/mL. Protein was aliquoted, snap-frozen in liquid 

nitrogen, and stored at -80 °C. 

Purification of p110/p85α WT and APDS2 Mutants (p85-Δ434-475) 

Complexes of p110 catalytic subunits with APDS2 mutants p85α (Δ434-475) 

were highly unstable and expressed at a much lower level than WT or APDS1 mutants. 

The only way to generate pure protein (>90% by SDS page analysis) was through the use 

of a N-terminal streptavidin tag. Protein was unstable to concentration, and for this reason 

all purifications and analyses were carried out within 10 hours.  Both PI3K wild-type 

(p110/p85α) and PI3K APDS2 mutants (p110/p85α Δ434-475) containing a N-terminal 

streptavidin (strep) tag (Strep-tag® II) in the p110 subunit were expressed and lysed as 

previously described. All steps were performed at 4°C or on ice. The supernatant was 

loaded onto a 1 mL StrepTrap™ HP column (GE Healthcare) equilibrated in Hep A-

Deletion buffer (20 mM Tris pH 8.0 RT, 100 mM NaCl, 10% (v/v) glycerol, 2 mM βME). 

The StrepTrap™ HP column was washed with 3 mL of Hep B-Deletion buffer (20 mM 

Tris pH 8.0 RT, 1 M NaCl, 10% (v/v) glycerol, 2 mM βME) followed by 3 mL of HEP A-

Deletion buffer. To cleave the strep-tag, 1 mL of a TEV protease solution (~0.08 mg/mL) 

was loaded onto the column and incubated for 3 hours. Protein was eluted using 2 mL of 

Hep A-Deletion buffer. The entire StrepTrap™ HP elution was loaded onto a 1 mL 

HiTrap™ Q HP column (GE healthcare) equilibrated in Hep A-Deletion buffer. The 

HiTrap™ Q HP column was washed with 3 mL of Hep A-Deletion buffer to remove the 

TEV protease. PI3Ks were eluted using 2 mL of HEP Elution Buffer (20 mM Tris pH 8.0 

RT, 350 mM NaCl, 10% (v/v) glycerol, 2 mM βME) into 100 μL fractions. The 

concentration of PI3K in each fraction was determined via NanoDrop (Thermo Scientific) 

and corrected using band intensities following Coomassie staining on SDS-PAGE. The 

fractions with the highest concentrations were pooled and used for subsequent experiments.  
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Lipid Vesicle Preparation 

The lipid vesicles used include a negatively charged lipid vesicle and a plasma 

membrane mimic vesicle. We generated negatively charged lipid vesicles (5% C8:PIP2, 

95% brain PS), which are the optimal substrate for class IA PI3Ks. Vesicles were prepared 

by evaporating the organic solvent of the PS under a stream of N2 gas. The lipid film was 

desiccated under vacuum for 60 minutes. The PS was resuspended in lipid buffer (20 mM 

HEPES pH 7.5 (RT), 100 mM KCl, 0.5 mM EDTA) containing C8:PIP2 to a final lipid 

concentration of 1 mg/mL followed by sonication for 10 minutes. Plasma membrane mimic 

vesicles (5% brain phosphatidylinositol 4,5- bisphosphate (PIP2), 30% brain 

phosphatidylserine (PS), 50% brain phosphatidylethanolamine (PE), 15% brain 

phosphatidylcholine (PC)), were generated to provide a biologically relevant substrate for 

class IA PI3Ks. Vesicles were prepared by thoroughly mixing all lipid species in dissolved 

in organic solvent together, before evaporating the organic solvent under a stream of N2 

gas to create a lipid film. The lipid film was desiccated under vacuum for 60 minutes. The 

lipid film was resuspended in lipid buffer (20 mM HEPES pH 7.5 (RT), 100 mM KCl, 0.5 

mM EDTA) to a final lipid concentration of 1 mg/mL followed by sonication for 10 

minutes. 

The vesicle solutions were subjected to three freeze-thaw cycles by snap freezing 

in LN2 and warming the solution quickly in a warm water bath. Vesicles were extruded 11 

times through a 100 nm filter using an Avanti mini-extruder (Avanti). Vesicles were 

aliquoted into 50 L aliquots, snap-frozen in LN2, and stored at -80°C. 

PDGFR phosphopeptide (pY) 

All peptides were custom ordered from New England Peptide (NEP). Three 

peptides in total were ordered. The initial peptide, referred to as “PDGFR pY” spans 

residues 735-767 of the platelet derived growth factor receptor (PDGFR) and is 

phosphorylated at residues 740 (pY740) and 751 (pY751). The other two peptides were 

prepared with the same residues, differing in their phosphorylation. “Peptide 1” is 

phosphorylated only at pY740 and “Peptide 2” is phosphorylated only at pY751. 
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Lipid Kinase Activity Assays 

Lipid kinase assays monitoring hydrolysis of ATP were carried out using the 

Transcreener ADP2 Fluorescence Intensity (FI) assay (Bellbrook labs). Lipid vesicles were 

used at a final concentration of 0.45 mg/ml, with ATP present at 100 μM. Protein solutions 

containing either PDGFR pY (final concentration in assay 1 μM) or blank solution in 2X 

PI3K kinase buffer (100 mM HEPES pH 7.5, 200 mM NaCl, 6 mM MgCl2, 2 mM EDTA, 

0.06% CHAPS, 2 mM TCEP) were allowed to equilibrate for 10 minutes at 23°C. Kinase 

reactions were started by addition of 2 μL of protein solution to 2 μL of 2X substrate 

solution (0.9 mg/mL lipid vesicles, 200 μM ATP) in a 384-well black microplate (Corning). 

The reaction was allowed to proceed at 23°C for 60 minutes before the addition of 2X Stop 

and Detect buffer (1X Stop and Detect Buffer, 8 nM ADP Alexa594 Tracer, 93.7 μg/mL 

ADP2 Antibody-IRDye QC-1). Antibody, tracer, and ADP were equilibrated for 60 

minutes. Fluorescence intensity was measured using a Spectramax M5 plate reader with 

λexcitation = 590 nm and λemission = 620 nm (20 nm bandwidth; Molecular Devices). 

Specific activity was calculated using an ATP/ADP standard curve according to the 

Transcreener ADP FI protocol. Fold activation was determined by normalising mutant 

specific activity values to the specific activity of the wild-type PI3K complex. 

IC50 Measurement   

The potent PI3K inhibitor Idelalisib (SelleckChem) was used for IC50 

measurements. Dilutions were generated from a 1 mM master stock of Idelalisib in 100% 

DMSO. Inhibitor was diluted to 100 μM in DMSO, and subsequent dilutions were all 

carried out in 1% final DMSO. Inhibitor dilution curves were carried out in triplicate and 

then mixed with substrate solution. All other lipid kinase assay steps were carried out 

according to the protocol described above.  Values were imported into Prism (GraphPad 

Software, La Jolla, CA) for graphing and calculations of IC50 values. 

Hydrogen Deuterium Exchange Sample Preparation 

HDX experiments were conducted in 50 µL reactions with a final concentration 

of 120 nM for APDS1 mutants and WT PI3Kδ. Three conditions were tested: PI3K alone, 
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and PI3K in the presence of phosphopeptide (5 µM pY) with and without lipid vesicles 

(5% PIP2, 30% PS, 50% PE, 15% PC present at 100 µg/mL). Deuterium exchange was 

initiated by the addition of 40 µL deuterated buffer (10 mM HEPES pH 7.5, 100 mM NaCl, 

98% (v/v) D2O). Exchange was carried out for three time points (3 s, 30 s, and 300 s at 

23°C) and terminated by the addition of 20 µL ice-cold quench buffer (2 M guanidine‐HCl, 

3% formic acid). For APDS2 experiments, 70 µL reactions with a final concentration of 

60 nM were used. Deuterium exchange was initiated by the addition of 50 µL deuterated 

buffer and exchange was carried out for two time points (3s, 300s at 23°C). The reaction 

was terminated by the addition of 25 µL quench buffer. All experiments were carried out 

in triplicate. Samples were immediately frozen in liquid nitrogen and stored at -80°C. 

Protein samples were rapidly thawed and injected onto a UPLC system at 2°C. 

The protein was run over two immobilized pepsin columns (Applied Biosystems; 

porosyme, 2‐3131‐00) at 10°C and 2°C at 200 μL/min for 3 minutes, and peptides were 

collected onto a VanGuard precolumn trap (Waters). The trap was subsequently eluted in 

line with an Acquity 1.7 μm particle, 100 × 1 mm2 C18 UPLC column (Waters), using a 

gradient of 5‐36% B (buffer A 0.1% formic acid, buffer B 100% acetonitrile) over 16 

minutes. Mass spectrometry experiments were performed on an Impact II TOF (Bruker) 

acquiring over a mass range from 350 to 1500 m/z using an electrospray ionization source 

operated at a temperature of 200°C and a spray voltage of 4.5 kV. Peptides were identified 

using data-dependent acquisition methods following tandem MS/MS experiments (0.5 s 

precursor scan from 150‐2000 m/z; twelve 0.25 s fragment scans from 150-2000 m/z). 

MS/MS datasets were analyzed using PEAKS7 (PEAKS), and a false discovery rate was 

set at 1% using a database of purified proteins and known contaminants.  

Hydrogen Deuterium Exchange Data Analysis 

HD‐Examiner Software (Sierra Analytics) was used to automatically calculate the 

level of deuterium incorporation into each peptide. All peptides were manually inspected 

for correct charge state and presence of overlapping peptides. Deuteration levels were 

calculated using the centroid of the experimental isotope clusters. Results for these proteins 
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are presented as relative levels of deuterium incorporation and the only control for back 

exchange was the level of deuterium present in the buffer. 

Analysis from Dornan et al., PNAS, 2017 and Takeda et al., J Clin Aller Immunol, 2017 

The level of deuterium present in the buffer was 78%-PI3K and 70%-Deletion. 

The real level of deuteration will be ∼25–35% higher than shown, based on tests performed 

with fully deuterated standard peptides. The average error of all time points and conditions 

for each HDX project was less than 0.3 Da (Dornan et al., 2017) and the average error of 

all time points and conditions for HDX project of N-terminal mutations was less than 0.2 

Da (Takeda et al., 2017). Therefore, changes in deuterium level in any peptide at any time 

point greater than both 7% and 0.7 Da between conditions with an unpaired t-test value of 

p<0.05 was considered significant. The full deuterium incorporation for all experiments is 

shown in the following: N-terminal APDS1 mutations in Fig. A1.1 (Takeda et al., 2017), 

APDS1 and APDS2 mutations in Fig. A1.2, A1.4 and A1.5 (Dornan et al., 2017). 

Differences between conditions are shown for APDS1 and APDS2 mutations in Fig. A1.3, 

A1.4, and A1.5 (Dornan et al., 2017).  

Analysis from Dornan et al., in preparation 

The level of deuterium present in the buffer was 76.8% for all experiments. The 

real level of deuteration will be ∼25–35% higher than shown, based on tests performed 

with fully deuterated standard peptides. . Changes in any peptide at any time point greater than 

specified cut-offs (both 7% and 0.4 Da between conditions for the Q572* mutant versus wild-type 

and both 4% and 0.4 Da between conditions for the PDGFR pY dose experiment) and with an 

unpaired t-test value of p<0.05 was considered significant. 

The oncogenic Q572* mutation as well as the C-terminal p85α pathogenic and 

engineered mutations in Fig. A1.6 and A1.8 respectively. Differences between conditions 

are shown for the oncogenic Q572* mutation as well as the C-terminal p85α pathogenic 

and engineered mutations in Fig. A1.7 and A1.9. 

Mapping of HDX-MS data on structural models 
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 All changes in deuterium incorporation that met the thresholds (see above for 

specific conditions per experiment) were mapped onto structural models. All mapping was 

performed using the PyMOL software (The PyMOL Molecular Graphics System, Version 

2.0 Schrödinger, LLC). All structural models contained in figures throughout this thesis 

use the following structural models unless otherwise noted and cited. 

PI3Kδ 

 The structural model for PI3Kδ was prepared using the following PDB files: 

5DXU, 2Y3A, and 3HHM (Timothy P. Heffron et al., 2016; Mandelker et al., 2009; Zhang 

et al., 2011). The PDB file 5DXU provided the p110δ catalytic subunit in complex with 

the p85α iSH2. 2Y3A provided the p85β cSH2. The PDB file 3HHM provided the p85α 

nSH2. The structural model was prepared by aligning all three PDB structures at the iSH2 

of p85s and removing all but desired components. 

PI3Kα 

The structural model for PI3Kα was prepared using the following PDB files: 

4OVU, 2Y3A, and 3HHM (Mandelker et al., 2009; Miller et al., 2014; Zhang et al., 2011). 

4OVU provided the p110α catalytic subunit in complex with the p85α iSH2. 2Y3A 

provided the p85β cSH2. 3HHM provided the p85α nSH2. The structural model was 

prepared by aligning all three PDB structures at the iSH2 of p85s and removing all but 

desired components. 
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Chapter 3: 

Identifying the molecular mechanisms of PI3K regulation mediated by 

the catalytic subunit p110δ via the investigation of immunodeficiency 

mutations in the gene PIK3CD 

 

 

Adapted from: 

Dornan, G.L., Siempelkamp, B.D., Jenkins, M.L., Vadas, O., Lucas, C.L., & Burke, J.E. 

(2017). Conformational disruption of PI3Kδ regulation by immunodeficiency mutations in 

PIK3CD and PIK3R1. Proc Natl Acad Sci. 114: 1982–1987. 

 

Takeda, A.J., Zhang, Y., Dornan, G.L., Siempelkamp, B.D., Jenkins, M.L., Matthews, 

H.F., McElwee, J.J., Bi, W., Seeborg, F.O., Su, H.C., Burke, J.E., & Lucas, C.L. (2017). 

Novel PIK3CD mutations affecting N-terminal residues of p110δ cause activated PI3Kδ 

syndrome (APDS) in humans. J Allergy Clin Immunol. 140: 1152-1156. 

 

 

Contributions: 
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experiments. GLD and JEB designed research. OV and CLL contributed new 

reagents/analytic tools. GLD, BDS, MLJ, and JEB analysed data. GLD, BDS, CLL and 

JEB wrote the paper.  
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3.1  Introduction 

The tight regulation of PI3Kδ is vital for the proper development of immune cells 

(Okkenhaug et al., 2002; Ramadani et al., 2010). Perturbations leading to increased or 

decreased PI3Kδ activity lead to a lack of B- and T-cells in all developmental states. This 

in turn leads to significant clinical manifestations including persistent respiratory 

infections, chronic or persistent viral infections, and increased risk of B cell lymphoma 

(Lucas et al., 2016). Mutations in the genes that encode PI3Kδ (PIK3CD or PIK3R1) lead 

to the primary immunodeficiency APDS, of which there are two classes depending on the 

gene harbouring the mutation (APDS1 and APDS2 for PIK3CD and PIK3R1, 

respectively). APDS1 mutations have thus far been found throughout the primary sequence 

of p110δ with the majority of cases occurring at the regulatory interfaces between p110δ 

and its regulatory subunit p85α (Fig. 14).  

To understand how these mutations might be mediating the observed activation in 

patients, the complex regulation of PI3Ks must be considered. The most frequent APDS1 

mutation, E1021K, is located in the α11 helix of the regulatory arch (Angulo et al., 2013; 

Jou et al., 2006; Lucas et al., 2016). The regulatory arch encompasses the catalytic and 

activation loops, forms important interfaces with the nSH2 and cSH2 domains of the p85-

like regulatory subunits, and is a conformationally dynamic structure that also mediates 

membrane binding (Vadas et al., 2011). Additionally, the site of mutation is within 6Å of 

the kinase-cSH2 interface that occurs in PI3Kδ and PI3Kβ (Burke et al., 2011; Zhang et 

al., 2011). The second most common APDS1 mutation is E525K, which is situated in the 

helical domain at the helical-nSH2 interface (Huang et al., 2008; Miled et al., 2007). 

Another common APDS1 mutation, N334K, occurs in the C2 domain near the C2-iSH2 

interface. APDS1 mutations have thus far corresponded to activating oncogenic mutations 

in PIK3CA, the p110 isoform that is ubiquitously expressed (Jaiswal et al., 2009; Samuels 

et al., 2004). These similarities could be driven through the same factor, that mutations in 

class IA PI3Ks lead to disruption of key inhibitory interfaces or lead to conformational 

changes that mimic the natural activation of PI3Ks. 
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Figure 14: APDS1 mutations occur throughout the primary sequence of the catalytic 

subunit p110δ. 

The location of all APDS1 mutations in p110δ reported to date are mapped on a model of 

the PI3Kδ (p110δ/p85α) complex (PI3Kδ structural model prepared as reported in Chapter 

2: Methods). The nSH2 and cSH2 are shown in transparent surface representation, with 

APDS1 mutations shown as white spheres. A domain schematic of p110δ/p85α is included 

with inhibitory interfaces highlighted and all identified APSD1 mutations shown as red 

spheres. Mutations that are underlined on the structural model indicate those studied in this 

chapter. 

 

Investigations into the molecular mechanisms of regulation in class IA PI3Ks and 

other large, dynamic enzymes have previously led to an expanded understanding of the 

complex regulatory network of the two subunits p110 and p85. The oncogenic isoform 

p110α and binding partner p85α are two of the most mutated genes in cancer (Jaiswal et 

al., 2009; Lawrence et al., 2014; Samuels et al., 2004). A panel of these activating 

mutations was probed using HDX-MS to reveal conformational changes in PI3Kα mutants 

mimic the natural activation mechanisms (Burke et al., 2012), however, no study has been 

completed on activating mutations in p110δ. As p110α and p110δ exhibit isoform specific 

regulatory mechanisms, activating mutations in p110δ could be studied to further 

understand PI3Kδ specific inhibition and activation. 
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We set out to identify the molecular mechanisms mediating the activation phenotype of 

APDS1 mutations in PIK3CD, and to further understand the molecular basis of PI3K 

regulation. In this study, we use HDX-MS and biochemical assays to probe a panel of 

APDS1 mutations throughout the primary sequence of p110δ. These include the most 

common APDS1 mutations: E1021K in the kinase domain, E525K in the helical domain 

at the helical-nSH2 interface, and N334K in the C2 domain (Fig. 14). Our collaborators 

from the Lucas lab at Yale also provided us with two APDS1 patient mutations that had 

not been previously described in the literature. These were at G124D in the ABD-RBD 

linker region and E81K in the ABD (Fig. 14). Here I have shown that all mutations are 

activating basally, as well as in the presence of an activating PDGFR pY, and that these 

mutations mimic the activating mechanisms of corresponding oncogenic mutations found 

in PIK3CA (p110). Finally, we show that all PI3K mutants are inhibited by the FDA 

approved potent and selective p110 inhibitor Idelalisib. From the biochemical and 

biophysical analyses of these mutants, we were able to generate a panel of engineered 

mutations, which revealed novel insight into the regulatory mechanisms by which PI3Ks 

are regulated. Overall these data on mutations of the p110 subunit of class IA PI3Ks 

revealed novel therapeutic strategies for primary immunodeficiency patients with APDS1, 

as well as approaches to identify novel mutations in primary immunodeficiency mutations. 

3.2  Results 

Lipid kinase activity of APDS1 mutations 

To identify how clinical APDS1 mutations alter the function of the PI3K enzyme 

and how this leads to an activated PI3K pathway, we characterised the lipid kinase activity 

of APDS1 mutants. Mutant and WT proteins were prepared as described in Chapter 2: 

Material and Methods. In brief, WT and mutant p110/p85 heterodimers were produced 

through baculovirus mediated protein expression and purified using standard affinity and 

chromatography purification techniques. All proteins were produced in the same manner, 

with a single chromatographic peak eluting at roughly the same time from the size 

exclusion chromatography column indicating that mutants do not disrupt the overall fold 

of the WT heterodimer. The studied APDS1 mutations include three previously described 
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mutations as well as two mutations that had not previously been attributed to APDS1 (Fig. 

14). The previously described mutations occur in the C2 domain (N334K), the helical 

domain (E525K), and the kinase domain (E1021K) (Lucas et al., 2016). The N334K and 

E525K mutations occur in known regulatory interfaces, where N334K is at the C2-iSH2 

interface and E535K is at the helical-nSH2 interface. E1021K is located at the catalytically 

important C-terminus of the kinase domain near the lipid-binding region and the kinase-

cSH2 inhibitory interface with p85α. The patient mutations that had been newly identified 

in APDS1 were located in the N-terminal region of the p110δ subunit within the ABD 

(E81K) and the ABD-RBD linker (G124D). Carrie Lucas’ lab at Yale identified these 

mutations and characterised the T-cells of the patients to reveal that these cells had an 

activated PI3K pathway (Takeda et al., 2017). Both mutations occur near the ABD-kinase 

interface, providing a potential mechanism for activation as these mutations could lead to 

conformational changes that disrupt this interface. Additionally, these mutations 

correspond to oncogenic mutations found in PIK3CA, the p110α subunit (Chalhoub and 

Baker, 2009; Samuels et al., 2004). 

Lipid kinase activity of WT and APDS1 mutants was measured in the absence 

(basal) or presence (+pY) of a stimulating RTK phosphopeptide derived from the platelet 

derived growth factor receptor (PDGFR) and in the presence of a negatively charged 

membrane substrate which is the optimal substrate for class IA PI3Ks (95% PS, 5% PIP2). 

The specific activity was then normalised against WT basal activity to yield a fold-increase 

in activity compared to WT basal. 
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Figure 15: APDS1 p110δ mutants lead to increased basal and PDGFR pY-activated 

lipid kinase activity compared with WT. 

Fold activation of APDS1 mutations in p110δ in the presence (+pY) or absence (basal) of 

a stimulating RTK-derived phosphopeptide. Assays measured the production of ADP in 

the presence of 0.1–100 nM of enzyme, 100 μM ATP, and 5% PIP2/95% PS vesicles. 

Kinase assays were performed in triplicate (error shown as SD; n = 3). The differences 

between the mutant PI3K activity and the WT were assessed using standard student’s T-

test. All differences with a p<0.05 were considered significant. All conditions with a * were 

compared to basal WT. Mutant PI3K +pY condition was also compared to WT +pY and 

all comparisons had p<0.05 values. Adapted from Dornan et al., 2017 and Takeda et al., 

2017. 

The basal lipid kinase activity (−pY) of all APDS1 mutants results in a significant 

activation (p<0.05) compared with WT, with E525K showing the highest level of 

activation (∼60-fold), followed by N334K (∼40-fold). E1021K and G124D were activated 

to ∼20-fold compared to WT, while E81K showed the lowest level of activation at ~10-

fold (Fig. 15). The activation of basal lipid kinase activity by p110δ mutants is very similar 

to the activation of p110α by oncogenic mutations in similar positions (Burke et al., 2012) 

with the exception of E1021K, which is not as potently activated as the H1047R mutation 

in p110α. The E525K mutant likely disrupts the inhibitory interface between the nSH2 and 

the p110δ helical domains, mimicking activation downstream of PDGFR pY stimulation, 

so it would be expected that this mutation would cause the largest increase in activity. The 

equivalent position in p110α, E545K, leads to full activation, and no further stimulation is 

achieved by the addition of PDGFR pY. The lack of full activation in p110δ with E525K 

is consistent with the additional inhibitory cSH2–kinase domain interface present in p110δ 
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that is perhaps unaffected by this mutation, as suggested by our results (Burke et al., 2011; 

Burke and Williams, 2013). 

Both the APDS1 mutants and WT PI3Kδ were activated by PDGFR pY, with all 

APDS1 mutants being hyperactivated compared with WT (Fig. 15). The highest level of 

hyperactivation was shown by E1021K at ∼3-fold.  The C2 mutant N334K and the N-

terminal mutants E81K and G124D were hyperactivated by ∼2-fold, while E525K was the 

least hyperactivated at ∼1.5-fold. The overall trend in activation of RTK-stimulated 

activity of PI3K by APDS1 mutants closely matches the results for oncogenic mutations in 

p110α; however, a much lower activation fold was displayed by E1021K in p110δ 

compared with the similar H1047R mutation in p110α (Burke et al., 2012). Additionally, 

E525K still showed hyperactivation in the presence of the PDGFR pY whereas the 

corresponding oncogenic mutant in p110α, E545K, showed no further activation. This 

could correspond with the cSH2-kinase domain interface still remaining intact and 

indicating possible differences in natural activation mechanisms. 

HDX-MS of WT p110δ/p85α in the presence of PDGFR pY and/or Membranes 

To understand how activating mutations mediate their effects, we must first 

understand the natural activation mechanisms of PI3Ks. In the absence of growth factors, 

class IA PI3Ks remain inhibited and cytosolic. Upon growth factor stimulation of 

membrane receptors, class IA PI3Ks are activated. The natural activation of class IA PI3Ks 

has two stages: (1) binding of SH2 domains to an RTK and (2) binding of the complex to 

the lipid substrate (Fig. 16). Using HDX-MS, we aimed to identify the conformational 

dynamics that define the stages of natural activation in PI3K (p110δ/p85α). We measured 

the deuterium exchange rate of the WT p110δ/p85α across three different time points (3s, 

30s, 300s) between three different states: basal (representing the cytosolic, inhibited state), 

PDGFR pY bound, and membrane bound (Fig. 16). These states were measured with 

addition and incubation for ~2 min of blank solutions in the basal state, a membrane blank 

solution and 5 M PDGFR pY in the RTK activated state, and membrane vesicles that 

mimic the PM composition (5% PIP2, 30% PS, 50% PE, 15% PC present at 100 µg/mL) 

in addition to 5 M PDFGFR pY in the membrane bound state. 
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Figure 16: The natural activation mechanism of PI3Kδ. 

A cartoon representation of PI3K in the three major stages of natural activation. (Left) In 

the cytosolic inhibited state, the SH2 domains of the regulatory subunit p85 bind to the 

catalytic subunit preventing lipid kinase activity. Both SH2 domains are bound to the 

catalytic isoform p110δ. (Middle) In the presence of phosphorylated RTKs and their 

adaptors, the SH2 domains of p85 bind to pYXXM motifs and break the inhibitory 

interactions with the catalytic subunit. (Right) After SH2 mediated recruitment to pYXXM 

motifs of receptors, class IA PI3Ks bind to its lipid substrate PIP3 at thePM. 

 

Dynamic changes in WT p110δ/p85α upon PDGFR pY activation 

Addition of PDGFR pY led to observed changes in deuterium exchange at the 

expected SH2 interfaces and at regions distant to PDGFR pY binding, similar to previous 

HDX-MS studies of PI3Kδ and PI3Kα (Burke et al., 2012, 2011) (Fig.4A,C,D). Both the 

nSH2 and the cSH2 exhibited decreases in deuterium exchange at regions that surround the 

previously defined PDGFR pY-nSH2 interface (Nolte et al., 1996). Structures showing 

nSH2-helical and cSH2-kinase interfaces reveal a differential SH2 interface, where the 

nSH2 FLVR (PDGFR pY binding motif) is pointed inward towards the catalytic subunit 

and the cSH2 FLVR is pointed outward (Huang et al., 2007; Zhang et al., 2011). The cSH2 

contacts the kinase at a region separate from PDGFR pY binding (681-687), and this region 

shows increased exchange upon addition of PDGFR pY as this interface is broken and 

those residues are no longer protected from exchange through hydrogen bonding. This 

increase in exchange was not detected in p85α when in complex with p110α, consistent 

with a lack of cSH2-catalytic interface (Burke et al., 2011). Throughout the rest of the 

regulatory subunit were large increases in exchange observed throughout the iSH2 coiled-

coil. These increases were primarily distant to the iSH2-ABD interface and situated at the 

coiled-coil interface (444-456), the iSH2-C2 interface (467-476, 556-570), the nSH2-iSH2 
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interface (571-581), and where the iSH2 interfaces with the activation loop of the kinase 

domain (582-596).  

The helical domain (524-529) and kinase domain (1023-1044) also exhibit these 

increases in exchange due to a breaking of their SH2 interfaces. As the cSH2-kinase 

interface is broken upon PDGFR pY binding, the catalytic arch in the kinase domain is no 

longer “clamped” in to a closed, inhibited conformation (Vadas et al., 2011). The 

regulatory arch exhibited increases in exchange (1023-1044), likely indicating an opening 

up of the helices. The regulatory arch is also critical for kinase activity, and deletion of this 

region abolishes kinase activity in p110δ and in the class III PI3K VPS34 (Burke et al., 

2011; Miller et al., 2010). The activation loop mediates lipid substrate binding and 

increases in deuterium exchange (920-935) were observed in region distal to the DFG 

motif. Increases in exchange at the helical-nSH2 interface were previously observed in 

both p110δ and p110α, however increases in the activation loop and the regulatory arch 

were only seen in p110δ/p85α (Burke et al., 2012, 2011). All data described here are 

consistent with previous findings showing that the PDGFR pY acts to break inhibitory 

interfaces. 

Dynamic changes in WT p110δ/p85α upon binding membranes 

In the presence of both the PDGFR pY and a vesicle membrane that mimics PM 

composition, further changes in deuterium incorporation are observed in both catalytic and 

regulatory subunits (Fig. 17A-D). Two regions of the kinase domain undergo decreased 

deuterium incorporation (850-856, 1023-1044). Region 850-856 has previously been 

proposed to participate in membrane binding, and this decrease in exchange would support 

that as participation in bonding networks leads to a decrease in deuterium exchange rates  

(Burke et al., 2011; Huang et al., 2007). The C-terminal region (1023-1044) is at the 

catalytic arch, where upon binding the lipid substrate the C-terminal region tucks inward 

(Vadas et al., 2011). Additionally, minor decreases in exchange were observed in the 

activation loop (920-935). Interestingly, there were no large decreases in exchange 

observed at regions covering the DGF motif in the activation loop as was reported 

previously for membrane binding of PI3Kδ (Burke et al., 2011). Decreases in exchange at 
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this region did not meet our significance threshold, potentially due to differences in 

experimental setup and equipment. Finally, further decreases in exchange were observed 

in the nSH2 domain (414-420), indicating a potential nSH2-membrane binding interface. 

At the ABD and the ABD-RBD linker regions (71-96, 120-127) we observed 

increases in exchange, consistent with previous reports(Burke et al., 2012, 2011) in both 

p110/p85 and p110/p85 (Fig. 17B-D). Increases in exchange of the ABD-RBD linker 

region were not observed in PI3Kδ previously, although this appears to be due to a lack of 

peptide coverage at this region (Burke et al., 2011). Further increases in exchange were 

also observed in the iSH2-C2 region (467-476, 556-570), indicating that membrane binding 

further promotes disruption of inhibitory interfaces.  
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Figure 17: Dynamic changes that occur in WT PI3Kδ during the natural activation 

mechanism. 

(A) Peptides in p110δ and the iSH2 of p85α that showed differences in HDX both greater 

than 0.7 Da and 7% with an unpaired T-Test value of p<0.05 between the basal and pY-

activated WT or (B) between the pY-activated WT with and without membranes, are 

highlighted on both the structure of p110δ /iSH2-p85α (PDB: 5DXU) and on a schematic 
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as in Fig. 16. Upon pY binding to the nSH2 and cSH2 of p85α, there were increases in 

exchange seen in the helical domain interface with the nSH2, the kinase domain interface 

with the cSH2, as well as the S9 activation loop. Upon membrane binding, the catalytic 

domain showed increases in exchange in the ABD domain at the interface with the kinase 

domain, the ABD-RBD linker, as well as regions of both the C2 and iSH2 domains at the 

C2/iSH2 interface. Decreases in exchange were observed in the putative membrane-

binding surface in the activation loop and kα11 helix of the kinase domain. (C) Time course 

of deuterium incorporation for a selection of peptides in both p110δ and p85α that showed 

differences in HDX either upon pY or membrane addition (or both). (D) Cartoon schematic 

highlighting changes in deuterium exchange that occur in the different stages of PI3K 

natural activation. Adapted from Dornan et al., 2017. 

 

HDX-MS of the APDS1 mutants 

To understand the molecular basis for how APDS1 mutations in the catalytic 

subunit of p110δ modify the dynamic regulation of p110δ/p85α to mediate activation, we 

carried out HDX-MS experiments. For four mutants including E81K, G124D, E525K, and 

E1021K, we used HDX-MS to compare the basal states of the WT to the mutants. HDX-

MS of G124D, E525K and E1021K mutants compared to WT were carried out in three 

states: basal, PDGFR pY-activated, and PDGFR pY-activated bound to membranes. The 

full set of peptides and their corresponding deuterium incorporation data for both p110δ 

and p85α under all conditions and time points is shown in Appendix A.1, Figs. A1.1 (N-

terminal mutants in the basal state only) and A1.2 (all APDS1 mutants except E81K, in all 

conditions), with differences between states for highlighted peptides shown in Appendix 

A.1, Fig A1.3 (Shown for all APDS1 mutants except E81K and under all conditions). The 

differences in exchange between WT PI3Kδ and APDS1 mutants showed that APDS1 

mutants mimic and enhance conformational dynamics seen in the activation of the WT 

enzyme (Fig. 18-20, 9-10, 11-12), a mechanism that is similar to the activation of p110α 

by oncogenic mutations (Burke et al., 2012). 

HDX-MS of the E81K mutant in the ABD 

To identify conformational changes that would describe the basal activation 

observed in E81K lipid kinase activity, HDX-MS was used to compare the WT and E81K 

mutant (Fig. 18A). An increase in exchange was observed in the ABD-RBD linker region 
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of p110δ (residues 102-120). Increased flexibility in the ABD-RBD linker region is 

associated with the natural activation state of WT PI3Kδ upon membrane binding. This 

small change and the lack of changes in deuterium exchange in the nSH2-helical, the C2-

iSH2, and the cSH2-kinase likely explain the minor activation seen in the E81K mutant. 

These changes are also similar to the changes previously observed between the WT and 

oncogenic G106V mutant in p110α, which is also located in the ABD. This mutant lead to 

an increase in exchange in the p110α subunit at residues 100-119 (Burke et al., 2012). 

Although the E81K mutant was only assayed through HDX-MS in the basal context, the 

lack of disruption between the SH2 interfaces also likely accounts for the ability of the 

mutants to be activated upon PDGFR pY stimulation. 

 

 

 



 

 

65 

 
Figure 18: HDX-MS of the basal state of N-terminal APDS1 mutants compared to the 

basal state of WT PI3Kδ. 

(A) HDX-MS of the E81K mutation in the ABD. HDX differences of -E81K compared 

with WT p110δ of greater than 0.7 Da and 7% deuterium incorporation and with an 

unpaired T-Test value of p<0.05  mapped onto the structural model of p110δ. Time course 

of deuterium incorporation for a representative peptide in p110δ with differences in HDX 

in the APDS1 N-terminal mutant p110-E81K (error shown as SD; n = 3). (B) HDX-MS 

of the G124D mutation in the ABD-RBD linker. HDX differences of N-terminal PIK3CD 

patient mutation p110-G124D mutant compared with WT p110δ of greater than 0.7 Da 

and 7% deuterium incorporation and with an unpaired T-Test value of p<0.05  mapped 

onto the structural model of PI3Kδ. Time course of deuterium incorporation for 

representative peptides in both p110δ and p85α with differences in HDX in the N-terminal 

p110-G124D mutant (error shown as SD; n = 3). Adapted from Takeda et al., 2017. 

 

HDX-MS of the G124D mutant in the ABD-RBD linker 

The G124D mutation occurs near the ABD-kinase inhibitory interface (Fig. 14), 

and this residue potentially leads to a steric clash with T76 in the ABD which could disrupt 

the ABD-kinase interface. To determine the mechanisms mediating G124D activation, the 
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basal state of the G124D mutant was also studied using HDX-MS and compared to WT 

p110δ/p85α (Fig. 18B). This mutation led to increases in deuterium exchange in both the 

catalytic and regulatory subunits. The increase in deuterium exchange in p110δ was within 

the ABD (residues 71-96). The changes observed in the regulatory subunit p85α occurred 

in the iSH2 domain (residues 467-476, 538-549, & 556-570). The 556-570 residues 

correspond to the iSH2-C2 interface and 467-476 is the coiled-coil pair interface of 556-

570. Increases in exchange at these regions are observed in the natural activation 

mechanism for WT p110δ/p85α. These increases in deuterium exchange occur both in the 

PDGFR pY stimulated state and the membrane bound state, with the iSH2-C2 interface 

peptides exhibiting increases in both states. However, the changes observed in the natural 

activation are larger than the basal mutant and other key interfaces in the G124D mutant, 

including the nSH2-helical and the cSH2-kinase, exhibit no changes in deuterium 

incorporation indicating that they are likely still intact. Combined, this would explain the 

relatively minor activation seen in the lipid kinase activity of G124D in the basal state and 

how G124D mutant is still capable of PDGFR pY stimulation. 

HDX-MS of the G124D mutant in the presence of stimulating PDGFR pY 

HDX-MS was also conducted on the G124D mutant in the PDGFR pY stimulated 

state and the membrane bound state (Fig. 19A-B). Overall, the changes observed were 

similar to that of the WT p110δ/p85α upon PDGFR pY stimulation and membrane binding. 

PDGFR pY leads to decreases in exchange observed at both the nSH2 and cSH2 domains 

where PDGFR pY peptides have been shown to bind (Nolte et al., 1996) and increases in 

exchange were observed throughout the iSH2, at the helical-nSH2 interface (p110δ: 524-

529), and in the regulatory arch of the kinase domain (p110δ: 1023-1044). The G124D 

mutant exhibited unique increases in deuterium exchange in the p110δ subunit upon 

PDGFR pY binding. One of these increases was observed at the C2-iSH2 interface (328-

337). Further increases were observed in a region of the kinase domain that undergoes 

decreased exchange upon membrane binding (850-856) as well as a helix within binding 

distance of this region (830-836). These regions are within 6 Å of the regulatory arch and 

the catalytic loop, a region of the kinase domain that undergoes conformational changes 

upon PDGFR pY binding as the kinase domain switches to an open conformation (Vadas 
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et al., 2011). Further increases in deuterium exchange were also observed in the catalytic 

loop (908-919), and increases in deuterium exchange of the activation loop (920-935) and 

the regulatory arch (1023-1033) were extended compared to the WT enzyme. These 

changes together represent conformational allosteric changes in the WT enzyme that are 

enhanced in the mutant.  

HDX-MS of the G124D mutant in the presence of stimulating PDGFR pY and membrane 

Upon membrane binding, the G124D mutant showed overall similar trends of 

exchange when compared to the WT PI3Kδ (Fig. 19A, C). Interestingly, changes in 

deuterium incorporation in regions of p110δ associated with membrane binding were larger 

and more extensive in the G124D mutant compared with WT (840-856, 908-935, 978-989, 

998-1002, 1023-1033). The only changes in deuterium incorporation observed in the 

membrane bound state of G124D were in the nSH2 domain (414-420). In the G124D 

mutant, the p85α subunit lacked the increases in deuterium exchange observed throughout 

the iSH2 in the WT enzyme. As these regions underwent increases in deuterium 

incorporation in the basal state, and the increases upon PDGFR pY binding were larger 

than that of the WT, it is possible that these regions have already undergone the full extent 

of conformational changes.  
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Figure 19: HDX-MS of the G124D mutation in the ABD-RBD linker upon PDGFR 

pY stimulation and membrane binding. 

(A) Time course of deuterium incorporation for a selection of peptides in both p110δ and 

p85α with differences in HDX in the APDS1 N-terminal mutant G124D (error shown as 

SD; n = 3). (B) HDX differences greater than 0.7 Da and 7% deuterium incorporation and 

with an unpaired T-Test value of p<0.05  in G124D bound to 5 uM PDGFR pY compared 

to G124D basal state. (C) HDX differences greater than 0.7 Da and 7% deuterium 

incorporation and with an unpaired T-Test value of p<0.05  in G124D bound to 5 uM 
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PDGFR pY and PM mimic vesicles (5% PIP2, 30% PS, 50% PE, 15% PC present at 100 

µg/mL) compared to G124D bound only to 5 uM PDGFR pY. Adapted from Takeda et al., 

2017. 

 

Engineered mutations of the ABD and ABD-RBD linker region 

 To fully understand the structural mechanism of the N-terminal mutants mediating 

the conformational disturbances of p110δ/p85α, we used existing structural data to predict 

mutations that might mimic or rescue the disruption caused by APDS1 mutations in the 

ABD and ABD-RBD linker (Fig. 20A). The K111 residue within hydrogen bonding 

distance of E81 could lead to a charge/charge repulsion upon mutation of glutamic acid to 

lysine. Mutation of the glycine at residue 124 to the bulkier aspartic acid appears to confer 

a potential steric clash with the threonine at residue 76. Both these instances might disrupt 

the positioning of the ABD-RBD linker with relation to the ABD domain, which forms a 

highly stable interaction with the iSH2 (Yu et al., 1998b). Residue K111 is also a site for 

existing activating oncogenic mutations identified in the COSMIC database (K111E, 

K111N, K111, & K111Q) and K111E was previously shown to activate WT p110α/p85α 

activity (Burke et al., 2012; Forbes et al., 2016). To test this hypothesis, we conducted an 

extended mutagenesis screen of kinase activity to determine whether we could “rescue” 

WT activity (Fig. 20B). The oncogenic mutations K111E, K111Q, and T76G were 

produced alongside double mutants E81K-K111E and T76G-G124D. If we were correct 

that these residues are disrupted, then the double mutants should relieve the charge/charge 

repulsion or steric clash and lead to a reduction to WT or near WT kinase activity levels.  

All single mutants lead to activation over WT p110δ/p85α activity, however to a 

lesser extent than the APDS1 mutations (<5 fold activation). This aligns with data showing 

activation of the K111E mutation in p110α (Burke et al., 2012). K111Q is a previously 

defined oncogenic mutation in p110α, and many mutations in p110α are activating (Zehir 

et al., 2017). Thus, it would be predicted to also lead to an activation of kinase activity in 

the p110δ isoform. T76 has not been previously identified as oncogenic in any p110 

isoforms nor as an APDS1 mutation. The E81K-K111E double mutant showed the same 

activity as the E81K single mutation, with no significant differences. The T76G-G124D 
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double was also unable to relieve the activation observed in either the single mutants. These 

results indicate that either we were incorrect in our predictions. Additionally, this shows 

evidence that the ABD-RBD linker region is exquisitely sensitive to precise conformations, 

and that only a small subset of conformations exist that preserve the inhibited state of 

PI3Ks. 

 
Figure 20: Structural analysis of N-terminal APDS1 mutations. 

(A) The Structural environment of the N-terminal APDS1 mutations E81K and G124D. 

Zoomed-in view of mutant residues, where E81K likely leads to a charge/charge repulsion 

of the K111 residue and with a putative steric clash between G124D and T76 in red. PI3Kδ 

structural model prepared as reported in Chapter 2: Methods. (B) Kinase activity of single 

and double mutants. Fold activation of APDS1 mutations and putative binding residue 

mutants in p110δ under basal, unstimulated condition. Assays measured the production of 

ADP in the presence of 0.1–100 nM of enzyme, 100 μM ATP, and 5% PIP2/95% PS 

vesicles. Kinase assays were performed in triplicate (error shown as SD; n = 3). Unpaired 

T-Test comparisons between WT and mutants were performed and yielded p<0.01 for all 

differences. This statistical measure was also applied to compare the single mutants to the 

double mutant, yielding p<0.01. Adapted from Takeda et al., 2017. 

 

HDX-MS of the E525K mutant in the helical domain 

HDX-MS comparing the basal state of WT and E525K showed increases in 

exchange at both sides of the helical-nSH2 interface (p110δ:524-529; p85α:372-380; Fig. 

21). A further increase was also seen in 444-456 of p85α. These data, combined with 

activity data showing a large basal hyperactivation over WT p110δ/p85α, indicate that the 

nSH2-helical interface is likely broken. These increases are similar to the changes seen in 
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PDGFR pY-binding HDX-MS experiments for both WT PI3Kδ and WT PI3Kα (Burke et 

al., 2012). No changes were seen at the cSH2-kinase interface, indicating that the interface 

is still intact as expected from the lipid kinase activity measurements where the E525K 

mutant was still capable of PDGFR pY stimulation. 

 
Figure 21: HDX-MS of the basal state of helical APDS1 mutant compared to the basal 

state of WT PI3Kδ. 

HDX differences between the p110-E525K mutant compared with WT p110 of greater 

than 0.7 Da and 7% deuterium incorporation and with an unpaired T-Test value of p<0.05   

mapped onto the structural model of p110/p85. Time course of deuterium incorporation 

for representative peptides in both p110δ and p85α with differences in HDX in the p110-

E525K mutant (error shown as SD; n = 3). Adapted from Dornan et al., 2017. 

 

HDX-MS of the E525K mutant in the presence of stimulating PDGFR pY 

The deuterium incorporation of E525K upon PDGFR pY binding was compared 

to the basal state to identify whether the mutation was leading to further conformational 

changes (Fig 22A, B). Upon PDGFR pY stimulation, E525K exhibited overall similar 

changes in deuterium incorporation as WT. Of note, the p110δ helical region encompassing 

the mutation did not undergo further increases in deuterium exchange indicating that the 

mutation likely fully disrupts helical-nSH2 interface. Decreases in exchange in the nSH2 

that are associated with the PDGFR pY binding interface were also larger in the E525K 

mutant compared to WT (p85α: 333-341, 372-380, & 402-420). 372-380 does not undergo 

any changes in deuterium exchange in WT, as this region goes from nSH2-helical interface 

to nSH2-PDGFR pY interface. The other regions are further exposed in E525K due to the 
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disruption of the nSH2-helical interface which explains the larger decreases upon PDGFR 

pY binding. 

 
Figure 22: HDX-MS of the E525K mutation in the helical domain upon PDGFR pY 

stimulation and membrane binding. 

(A) Time course of deuterium incorporation for a selection of peptides in both p110δ and 

p85α with differences in HDX in the APDS1 helical domain mutant E525K (error shown 

as SD; n = 3). (B) HDX differences greater than 0.7 Da and 7% deuterium incorporation 
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and with an unpaired T-Test value of p<0.05   in E525K bound to 5 uM PDGFR pY 

compared to E525K basal state. (C) HDX differences greater than 0.7 Da and 7% 

deuterium incorporation and with an unpaired T-Test value of p<0.05   in E525K bound to 

5 uM PDGFR pY and PM mimic vesicles (5% PIP2, 30% PS, 50% PE, 15% PC present at 

100 µg/mL) compared to E525K bound only to 5 uM PDGFR pY. Adapted from Dornan 

et al., 2017. 

HDX-MS of the E525K mutant in the presence of stimulating PDGFR pY and membrane 

The effect of membrane binding on the conformation of the E525K mutant upon 

membrane binding was determined by comparing deuterium incorporation of E525K 

bound to PDGFR pY and membrane substrate to incorporation of the pY only state (Fig. 

22A, C). Increases in deuterium exchange seen in both the p85α and p110δ of E525K were 

similar to those seen in the WT PI3Kδ. As with the G124D mutation upon membrane 

binding, larger and more extensive decreases in exchange were seen throughout the kinase 

domain of the p110δ subunit of E525K compared to WT (840-856, 908-935, 1023-1044). 

These decreases in deuterium exchange indicate that regions of the kinase domain are 

binding more tightly to the membrane substrate and that this could be driving the 

hyperactivation observed in the PDGFR pY stimulated lipid kinase activity of E525K.  

Mutational analysis of the helical-nSH2 interface 

E525 on p110δ in the helical region binds with K379 in the nSH2 of p85α to form 

the nSH2-helical inhibitory interface (Fig. 23A). Mutation of the glutamic acid at residue 

525 to a lysine switches the charge state of the reside from negative to positive. This would 

lead to a charge/charge repulsion of K379, and this potentially disturbs the nSH2-helical 

interface enough to completely break it. To test this hypothesis, we produced the oncogenic 

K379E mutation in p85α identified in COSMIC as well as a p110δ-E525K/p85α-K379 

double mutant complex (Forbes et al., 2016). A rescue of the WT p110δ/p85α activity 

would indicate that K379 was the primary residue at the interface disrupted by the APDS1 

E525K mutation.  

Both single mutations led to hyperactivation over WT p110δ/p85α activity (Fig. 

23B). This was expected, based on the kinase activity previously determined (Fig. 15) and 

as both of these mutations were previously shown to cause hyperactivation in the context 
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of p110α (Burke et al., 2012). The double mutation appeared to rescue WT p110δ/p85α 

activity when compared to both the single mutants. This rescue effect indicates that one of 

the primary residues disrupted by E525K is K379. As the activity was not fully rescued, 

there are likely further residues that are perturbed by E525K or by K379E although to a 

lesser extent. Another APDS1 patient was identified with a glutamic acid at 525 mutated 

to an alanine. This mutation could be mediating activation through another mechanism, 

where the glutamic acid-lysine salt bridge is required for a strong inhibitory interface and 

an alanine would reduce or abolish this interface. 

 
Figure 23: Structural analysis the helical APDS1 mutation. 

(A) The Structural environment of the E525K helical mutant. Zoomed-in view of the 

E525K mutation which is located at the nSH2-helical domain interface, with a predicted 

charge/charge repulsion between K525 and K379 shown in red. PI3Kδ structural model 

prepared as reported in Chapter 2: Methods. (B) Kinase activity of single and double 

mutants. Fold activation of APDS1 mutations and putative binding residue mutants in 

p110δ under basal, unstimulated condition. Assays measured the production of ADP in the 

presence of 0.1–100 nM of enzyme, 100 μM ATP, and 5% PIP2/95% PS vesicles. Kinase 

assays were performed in triplicate (error shown as SD; n = 3). Unpaired T-Test 

comparisons between WT and mutants were performed and yielded p<0.01 for all 

differences. This statistical measure was also applied to compare the single mutants to the 

double mutant, yielding p<0.01. Adapted from Dornan et al., 2017. 
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HDX-MS of the E1021K mutant in the kinase domain  

The E1021K mutant showed increases in exchange in the C-terminus of the kinase 

domain (residues 998-1002 & 1010-1019; Fig. 24). These residues reside in the Kα10 and 

Kα11 helices that are part of the regulatory arch, a structure in the C-lobe of the kinase that 

locks in the catalytic and activation loops to inhibit catalytic activity. Increases in 

deuterium exchange in this structure might explain the activated basal activity of E1021K, 

as increased flexibility might decrease the inhibition of the regulatory arch. An unanswered 

question for E1021K was whether this mutation also led to disruption of the cSH2–kinase 

interface, as this mutation is located within 6 Å of the cSH2; however, there were no 

differences in exchange within the cSH2 between WT and PI3Kδ-E1021K, suggesting that 

this interface is preserved.  

 
Figure 24: HDX-MS of the basal state of the kinase APDS1 mutant compared to the 

basal state of WT PI3Kδ 

HDX-MS of the p110-E1021K mutation in the regulatory arch of the kinase domain. 

HDX differences between the p110-E1021K mutant compared with WT p110 of greater 

than 0.7 Da and 7% deuterium incorporation and with an unpaired T-Test value of p<0.05   

mapped onto the structural model of p110/p85. Time course of deuterium incorporation 

for representative peptides in both p110δ and p85α with differences in HDX in the p110-

E1021K mutant (error shown as SD; n = 3). Adapted from Dornan et al., 2017. 

 

 

 

 

 

 



 

 

76 

HDX-MS of the E1021K mutant in the presence of stimulating PDGFR pY and membrane 

The E1021K mutant showed similar trends in the changes in deuterium exchange 

as the other APDS1 mutants in both the p110δ and p85α subunit in both states, PDGFR pY 

bound and membrane bound (Fig. 17, 19, 22, 25A-C). E1021K showed the largest 

decreases in deuterium exchange in the presence of membrane vesicles, indicating that this 

mutation is driving tighter membrane binding and consistent with previous studies (Fig. 

25A, C). E1021K was shown through FRET membrane binding assays to increase binding 

of the membrane and the similarly located mutation in p110α, H1047R, also exhibits this 

effect (Angulo et al., 2013; Burke et al., 2012). 
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Figure 25: HDX-MS of the E1021K mutation in the helical domain upon PDGFR pY 

stimulation and membrane binding. 

(A) Time course of deuterium incorporation for a selection of peptides in both p110δ and 

p85α with differences in HDX in the APDS1 helical domain mutant E1021K (error shown 

as SD; n = 3). (B) HDX differences greater than 0.7 Da and 7% deuterium incorporation 

and with an unpaired T-Test value of p<0.05 in E1021K bound to 5 uM PDGFR pY 

compared to E1021K basal state. (C) HDX differences greater than 0.7 Da and 7% 

deuterium incorporation and with an unpaired T-Test value of p<0.05 in E1021K bound to 

5 uM PDGFR pY and PM mimic vesicles (5% PIP2, 30% PS, 50% PE, 15% PC present at 
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100 µg/mL) compared to E1021K bound only to 5 uM PDGFR pY. Adapted from Dornan 

et al., 2017. 

Mutational analysis of the regulatory arch 

 The glutamic acid at residue 1021 is near the histidine at 689 (~6 Å; Fig. 26A). As 

there were no differences in exchange observed at the cSH2, disruption of this interface 

appeared to be an unlikely activating mechanism. Over the course of this study, an APDS1 

patient with the glutamic acid of 1025 mutated to lysine was also identified (Dulau-Florea 

et al., 2017). We were interested in the extent of basal activation of WT p110δ/p85α of this 

mutant as well as whether the double mutant would lead to an additive effect which could 

be due to different mechanisms of activation. The single mutations at both E1025K and 

E1021K were activating as expected. The double mutation (E1021K, E1025K) led to a 

slight increase in activation of E1021K, although it is difficult to tell how much of an 

additive effect the second mutation imposes. As E1025 is in closer proximity to the cSH2 

interface it could be leading to disruption. Mutations in the regulatory arch likely have 

similar effects to E1021K, in that they are not disrupting SH2 interfaces but leading to 

conformational changes in the arch that mimic an activated state. It is possible that both 

mechanisms are occurring in the double mutant, but further inquiry with HDX-MS would 

be required to determine if this mutant is capable of a similar PDGFR pY disruption as WT 

p110δ/p85α. Kinase activity to test PDGFR pY would unlikely lead to an answer, as the 

E1021K mutant is hyperactivating in the stimulated condition over WT p110δ/p85α due to 

its increased affinity for membrane.  
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Figure 26: Structural analysis the APDS1 mutation in the regulatory arch of the 

kinase domain. 

(A) The Structural environment of the E1021K kinase domain mutant. The E1021K 

mutation is located in the C-terminus of the kinase domain, near the cSH2 interface in the 

kinase domain. Zoomed-in view of the E1021K mutation which is located in the regulatory 

arch, where it is in close proximity to the H689 residue of p85. The APDS1 mutations 

E1025K and E1025G are located closer to H689 of the cSH2, potentially disrupting the 

cSH2-kinase interface. PI3Kδ structural model prepared as reported in Chapter 2: Methods. 

(B) Kinase activity of single and double mutants. Fold activation of APDS1 mutations and 

putative binding residue mutants in p110δ under basal, unstimulated condition. Assays 

measured the production of ADP in the presence of 0.1–100 nM of enzyme, 100 μM ATP, 

and 5% PIP2/95% PS vesicles. Kinase assays were performed in triplicate (error shown as 

SD; n = 3). Unpaired T-Test comparisons between WT and mutants were performed and 

yielded p<0.01 for all differences. This statistical measure was also applied to compare the 

single mutants to the double mutant, yielding p<0.01. Adapted from Dornan et al., 2017. 

 

APDS1 mutations in PI3Kδ are potently inhibited by the PI3Kδ specific inhibitor Idelalisib 

To determine if conformational differences identified in APDS1 mutants of PI3Kδ 

would lead to differential inhibition by ATP competitive kinase inhibitors, we carried out 

lipid kinase assays in the presence or the absence of the clinically approved PI3Kδ inhibitor 

idelalisib (Somoza et al., 2015). All APDS1 mutants in p110δ exhibited ~4 fold higher 

IC50s compared to WT but were all capable of full inhibition (Fig. 27), indicating that all 

might be targetable by idelalisib and similar small molecule inhibitors.  
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Figure 27: Inhibition of WT and APDS1 mutants by the potent PI3Kδ inhibitor 

Idelalisib. 

Lipid kinase activity was normalised to kinase activity in the absence of inhibitors. IC50 

values were generated from triplicate independent inhibitor dilutions, and error is shown 

as SD. Adapted from Dornan et al., 2017. 

3.3  Discussion 

APDS1 mutations occur in the PIK3CD gene, which  encodes the p110δ catalytic 

isoform that is part of the PI3Kδ heterodimer complex. To summarise, all APDS1 mutants 

were hyperactivated compared to WT PI3Kδ in both the basal state and the PDGFR pY 

activated state. Previous studies have linked APDS1 mutations to the phenotype by 

showing an activated PI3K/AKT pathway in patient lymphocytes. The E1021K mutation 

was previously the most characterised, showing hyperactivation of the enzyme and 

increased membrane binding through lipid kinase and lipid FRET assays (Angulo et al., 

2013). This study also showed for the first time that an APDS1 mutant can be inhibited by 

idelalisib to a similar level of WT. What has been lacking in the field is a more 

comprehensive study of the mechanisms of APDS1 mutant activation of PI3Kδ. 

Understanding how these mutations mediate the activation phenotype which leads to severe 

immunodeficiencies is key to further understanding PI3Kδ physiological role and for the 

development of novel therapeutics.  

All APDS1 mutations led to hyperactivation. Our data complements previous data 

on E1021K, as deuterium exchange experiments on this mutant in the presence of PDGFR 

pY and membrane show an increased membrane binding (Angulo et al., 2013). No 
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extended studies had been completed on the other APDS1 mutants probed, however the 

mutant that is analogous to E525K in p110α, E545K, has been well characterised through 

the same methods. One of the key differences between the mutation in p110α is that the 

enzyme was not capable of further activation by PDGFR pY. E545 in p110α binds to K379 

in p85α, and the same charge reversal mutation in this residue, K379E, was also unable to 

be stimulated by PDGFR pY (Burke et al., 2012; Miled et al., 2007). The HDX-MS data 

further showed that this interface had been broken, and this is the only interface broken by 

PDGFR pY. In p110δ however, E525K was still able to be further activated by PDGFR 

pY. HDX-MS showed full disruption of the nSH2-helical interface however in p110δ the 

cSH2 binds to the kinase domain to lock the regulatory arch into a “closed” confirmation 

(Vadas et al., 2011). The lack of any changes seen between the WT and mutant enzymes 

in the cSH2-kinase interface explains how PI3Kδ is still capable of activation by RTKs.  

Increases in membrane binding have been previously emphasised as a mechanism 

of class IA PI3Ks (Angulo et al., 2013; Burke et al., 2012; Hon et al., 2012; Mandelker et 

al., 2009). Indeed, all APDS1 mutants probed via HDX-MS in the context of membrane 

binding showed larger changes in deuterium incorporation in regions associated with 

membrane binding. This mechanism is not unique to activating mutations, as HRas binding 

of PI3Kα was also shown to drive increased membrane binding as a mechanism of 

activation (Buckles et al., 2017; Siempelkamp et al., 2017). GPCR activation of PI3Kβ and 

the class IB PI3Kγ, have also shown an importance in membrane binding for activation of 

PI3Ks through GPCR signalling. These studies revealed conformational changes in the 

region of PI3Ks that is unique to the Gβγ subunit of GPCRs (Dbouk et al., 2012; Vadas et 

al., 2013). Our data coincides with existing studies and emphasises the importance of 

membrane binding in the natural activation of PI3Ks and in activating mutations. 

To further understand how APDS1 mutations led to disturbance of p110δ/p85α, 

we engineered mutations based on structural data that could potentially rescue or lead to 

further activation of p110δ activity. The double mutants containing both APDS1 mutation 

and an engineered mutation (E81K-K111E, G124D-T76G, E525K-p85α-K379E) would be 

expected to lead to a rescue effect, returning to WT p110δ/p85α activity levels. For 

example, E525K-p85α-K379E should relieve electrostatic repulsion and reinstate the salt 
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bridge that exists between E525 and K379 (p85α) however, the WT activity level is not 

fully rescued indicating that the conformation of the double mutant PI3K is different from 

WT. The double mutants in the N-terminus of p110δ showed no rescue effect. This 

indicates that inhibition of class IA PI3Ks is exquisitely sensitive to a specific set of 

conformations, and even minor differences in conformation can lead to activation of class 

IA PI3Ks. 

In this chapter I used biochemical and HDX-MS experiments to investigate how 

APDS1 mutations lead to the activation of PI3Kδ and thus, the disease. By understanding 

the molecular mechanisms that mediate this phenotype I was also able to provide novel 

insight towards isoform regulatory mechanisms of p110δ. This data is the first investigation 

into the conformational dynamics of mutations in the p110δ subunit and have shown that 

overall, these mutations exert their activation phenotype through mechanisms that mimic 

the natural activation of PI3Kδ. Further to this, we have shown that the p110δ specific 

inhibitor Idelalisib can inhibit all APDS1 mutants to a similar level, making p110δ specific 

inhibitors a desirable therapeutic option. 
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Chapter 4: 

Oncogenic and immunodeficiency mutations in PIK3R1 reveal novel 

insights into the molecular mechanisms of PI3K regulation mediated by 

p85α 

 

Adapted from: 

Dornan, G.L., Siempelkamp, B.D., Jenkins, M.L., Vadas, O., Lucas, C.L., & Burke, J.E. 

(2017). Conformational disruption of PI3Kδ regulation by immunodeficiency mutations in 

PIK3CD and PIK3R1. Proc Natl Acad Sci. 114: 1982–1987. 

 

Dornan, G.L., Stariha, J.T.B., Rathinaswamy, M.K., Powell, C.J., Boulanger, M.J., Burke, 

J.E. Defining the p85α mechanisms that mediate the inhibition and activation of PI3K. In 

preparation. 

 

 

Contributions: 

GLD generated the expression constructs. GLD and BDS generated the virus. BDS 

produced and purified the protein. GLD generated lipid vesicles. GLD performed kinase 

activity assays. GLD and JEB performed IC50 measurements. GLD, MLJ and JEB 

performed HDX-MS experiments. CJP performed ITC experiments. GLD and JEB 

designed research. OV and CLL contributed new reagents/analytic tools. GLD, BDS, MLJ, 

JTBS, CJP, MJB and JEB analysed data. GLD, BDS, CLL and JEB wrote the paper in 

PNAS. GLD and JEB wrote the paper in preparation. 
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4.1  Introduction 

Pathogenic mutations in the gene that encodes p85α, PIK3R1, lead to a plethora 

of diseases including cancer, developmental syndromes, and immunodeficiencies (Dornan 

and Burke, 2018; Fruman et al., 2017). The p85-like regulatory subunits are required for 

all class IA catalytic p110 isoforms for both stability of the PI3K complex, and activation 

downstream of phosphorylated receptors despite apparent isoform specific regulatory 

mechanisms (Escobedo et al., 1991; Yu et al., 1998b). These roles are mediated through 

the  nSH2, iSH2, and cSH2 domains that all p85-like subunits possess. Binding of pYXXM 

motifs of phosphorylated receptors is mediated by the nSH2 and cSH2 domains that are 

connected by the iSH2 is a coiled-coil that stabilises p110 subunits through binding of the 

ABD (Klippel et al., 1992; Miled et al., 2007; Yu et al., 1998b, 1998a). The p85-like 

subunits mediate inhibition of p110 catalytic isoforms through their interfaces: nSH2-

helical, iSH2-C2, and in the p110 and p110 isoforms the cSH2-kinase interface. 

Disruption of these interfaces can cause activation of class IA PI3K isoforms, and can lead 

to disease.  

Mutations in PIK3R1 appear to drive disease through p110 isoform specific 

mechanisms and these pathogenic mutations in the regulatory p85-like subunits cluster in 

three regions: the N-terminal region of iSH2 α1 helix, the C-terminal region of the iSH2 

α2 and α3 helices, and within the cSH2 (Fig. 28A-B,D). Activating PI3K Delta Syndrome 

type 2 (APDS2) is a primary immunodeficiency caused by activating mutations in PIK3R1. 

The most common APDS2 patient mutations in PIK3R1 lead to a splice site mutation that 

excludes Exon 11, resulting in a deletion within the N-terminus of the iSH2 coiled-coil 

domain (Δ434-475; Fig. 28, 29) (Bravo García-Morato et al., 2017; Deau et al., 2014; 

Hauck et al., 2017; Kuhlen et al., 2016; Lucas et al., 2014; Petrovski et al., 2016; Sugiyama 

et al., 2017; Wentink et al., 2017). Patients with APDS2 have increased PIP3 levels, defects 

in both B and T cell functions, recurrent respiratory infections, and increased susceptibility 

to herpes viruses, all of which are a phenocopy of APDS1 patients who have mutations in 

the PIK3CD which encodes the p110δ subunit (Angulo et al., 2013; Jou et al., 2006; Lucas 

et al., 2016, 2013). The clinical phenocopy of APDS1 patients with mutations in p110δ by 

APDS2 patients with mutations in p85α is surprising, as p85α associates with all of the 
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class IA catalytic isoforms (Tsolakos et al., 2018). Therefore, it is expected that this mutant 

would also cause activation of p110α, leading to oncogenic transformation or overgrowth 

syndromes. Mutations at the C-terminal region of the iSH2 exhibit oncogenic, p110α 

driven phenotypes and not p110δ APDS2 phenotypes. These mutations in PIK3R1 can lead 

to deletions/truncation of p85-like subunits starting within the α2 helix or the α3 helix and 

can also lead to loss of the cSH2 (Forbes et al., 2016; Giannakis et al., 2016; Jimenez et 

al., 1998; Shekar et al., 2005). The Q572* mutation has previously been shown to 

constitutively activate p110α in vitro, due to disruption of the C2-iSH2 inhibitory interface 

and an nSH2-iSH2 packing interface that is important for orienting the nSH2 (Shekar et 

al., 2005; Wu et al., 2009). The molecular basis of how these mutations lead to p110α 

selective phenotypes is unknown. Finally, there are point mutations in, and truncations of, 

the cSH2 that lead to developmental disorders (SHORT syndrome) characterised by 

impaired PI3K signalling as opposed to overactive signalling commonly seen in class IA 

PI3K driven diseases (Bárcena et al., 2014; Chudasama et al., 2013; Dyment et al., 2013; 

Huang-Doran et al., 2016; Klatka et al., 2017; Schroeder et al., 2014; Thauvin-Robinet et 

al., 2013). The most frequent mutation in SHORT syndrome occurs at the cSH2 FLVR 

motif, which is important for binding pYXXM motifs of phosphorylated receptors and the 

activation of class IA PI3Ks downstream of these receptors. Due to the obligate nature of 

p85-like regulatory subunits in the class IA PI3K complexes, it would be predicted that 

mutations in p85α affect all isoforms. Perplexingly, some PIK3R1 mutations show isoform 

specific phenotypes.  
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Figure 28: Pathogenic and engineered PIK3R1 mutations in the iSH2 and cSH2. 

(A) Wiring diagram indicating two regions of mutations that lead to deletions/truncations 

in the iSH2 domain. The most common APDS2 mutation leads to a splice site variant 

yielding a truncation of ~42 amino acids within the N-terminal region of the iSH2 (Shown 

in beige). Oncogenic mutations lead to truncation of p85 at the C-terminus at I571 and 

N600 (Q572* and E601*; Shown in white). (B) An alternate view to emphasize the iSH2 

domain architecture. The three helices of the iSH2 labelled: 1, 2, 3. The regions of the 

iSH2 with patient mutations are colour coded as in section (A) with the N-terminal in-

frame deletion in wheat and the C-terminal truncations shown in white. (C) The mutations 

in PIK3R1 shown on a structural model of PI3K (Prepared as in chapter 2: Methods). The 

most common SHORT mutation R649W leads to perturbation of PDGFR pY binding at 

the cSH2 domain (Top Right panel). Other mutations included are not pathogenic 

mutations, although pathogenic mutations frequently occur in these regions. These include 

R358A and R590*. These mutations were designed specifically to probe the unique 

structural features of the iSH2 and how they mediate inhibition of different p110 isoforms. 
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By investigating these mutations, we aim to characterise isoform specific 

regulatory mechanisms driven by p85α and understand the mechanistic basis of disease 

mutations in PIK3R1. Particularly, we want to understand the role of the iSH2 in mediating 

inhibition and activation of p110. How are the N-terminus or the C-terminus of the iSH2 

coiled-coil contributing to regulation of p110 subunits by p85α? Does the α3 helix of the 

iSH2 also exert effects on the overall regulation of p110? To understand the molecular 

mechanisms that mediate isoform specific regulation in the regulatory subunit p85, we 

examined both the conformational dynamics and lipid kinase activity of APDS2, 

oncogenic, and SHORT syndrome mutations using hydrogen-deuterium exchange mass 

spectrometry (HDX-MS) and biochemical assays. This chapter will first discuss the 

APDS2 findings, followed by our study of oncogenic iSH2 mutants, and finally the mutants 

which disrupt the nSH2 and cSH2 FLVR motifs. 

The APDS2 p85α splice variant was examined in complex with both p110α and 

p110δ, and unexpectedly we find that this variant of p85α leads to a selective activation of 

PI3Kδ with only a minimal effect on PI3Kα activity basally. HDX-MS revealed that the 

p85α APDS2 splice variant disrupted all inhibitory interactions between p85α and p110δ, 

while only a partial disruption of p85α-mediated inhibitory interactions was observed in 

p110α. We also find that the WT and APDS2 mutant are similarly inhibited by the potent 

p110δ inhibitor idelalisib (Gopal et al., 2014; Herman et al., 2010). To further investigate 

whether mutations that result in isoform specific phenotypes are mediated by isoform 

specific regulation by p85α, we then investigated oncogenic mutations that lead to C-

terminal truncations of p85α in complex with p110α and p110δ. We find that truncation of 

p85α at residue 571 leads to full activation of both isoforms and that PI3Kα constructs 

lacking the cSH2 are unable to be activated by stimulating PDGFR phosphopeptide. Our 

results provide novel molecular insights into the conformational mechanisms by which 

p110δ and p110α are activated in human disease, and reveal how mutations in PIK3R1 

(p85α) can specifically phenocopy gain-of-function mutations in PIK3CD (p110δ) and 

PIK3CA (p110α) to drive isoform specific activation.  
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4.2  Results 

Generation of PIK3R1 Constructs  

To answer key questions pertaining to PI3K regulation using biochemical and 

structural methods, I first recombinantly produced all proteins required following methods 

described in Chapter 2 (Fig. 29). Mutant and WT proteins were prepared as described in 

Chapter 2: Material and Methods. In brief, WT and mutant p110/p85 heterodimers were 

produced through baculovirus mediated protein expression and purified using standard 

affinity and chromatography purification techniques. All proteins were produced in the 

same manner (with the exception of APDS2 proteins, also described in depth in Chapter 2: 

Materials and Methods), with a single chromatographic peak eluting at roughly the same 

time from the size exclusion chromatography column indicating that mutants do not disrupt 

the overall fold of the WT heterodimer. This included the WT PI3Kδ (p110δ/p85α) and 

PI3Kα (p110α/p85α) as well as PI3Ks harbouring mutations in the p85α subunit. For 

studies on the APDS2 N-terminal iSH2 deletion, both PI3Kδ and PI3Kα were produced in 

the context of the p85α mutation, Δ434–475. The APDS2 deletion removes the first 42 

residues of α1 helix in the iSH2 coiled-coil. In WT PI3K complexes, this region interacts 

with helices α2 and α3 in the iSH2 coiled-coil and makes contacts with the C2 and kinase 

domains of the catalytic subunit. The iSH2-ABD interface is an extremely high affinity 

interaction and so this inner-iSH2 deletion would likely not disrupt the positioning of the 

iSH2. Rather, the decrease might be expected to misposition the nSH2, disrupting the 

nSH2-helical interface. To further understand isoform specific regulation mediated by 

p85α and to investigate how the C-terminal region of the iSH2 mediates regulation, we 

also prepared oncogenic mutation that occur in this region (Q572*, R590*, E601*). R590* 

itself is not a patient mutation, however many complex and truncating mutations exist in 

this region and we wanted to specifically probe the role of the α3 helix in regulation of 

p110 subunits. Oncogenic mutants were also produced in the context of both PI3Kδ and 

PI3Kα, and lead to the truncation of the C-terminus of iSH2 at 571, 589, and 600 

respectively. The Q572* mutation truncates p85α at the C-terminal portion of the iSH2 

near the iSH2 coiled-coil pair interface as well as the iSH2-C2 interface. Finally, we 

prepared two point mutations in the pYXXM binding motif (FLVR) of the nSH2 and cSH2 
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domains: R358A and R649W. The R649W mutation is also the most common SHORT 

mutation, and leads to impaired PI3K signalling. 

 
Figure 29: Schematic of PI3K (p110/p85α) constructs used in this chapter. 

Both p110δ and p110α were used in conjunction with the various p85α constructs. WT 

p85α in complex with either p110 formed the WT PI3K complexes. All other p85α 

constructs represent disease mutants which form mutant PI3K complexes with either of the 

p110s. White or beige boxes with red outline indicate the region that is absent in mutants. 

Red circles indicate the location of single residue mutations. 

Lipid kinase activity of APDS2 splice variants. 

To understand how clinical mutations in the regulatory subunits (p85α) alter the 

function of PI3Kδ, we characterized the lipid kinase activity of APDS2 mutants. Lipid 

kinase experiments on WT and APDS2 PI3K complexes were carried out on 

phosphatidylserine vesicles containing 5% PIP2 in both the presence and the absence of a 

PDGFR phosphopeptide (PDGFR pY) to mimic activation by RTKs.  

Intriguingly, the APDS2 splice variant showed a very large isoform-specific 

difference in basal lipid kinase activity. The APDS2 p85α splice variant with p110δ 

showed an ∼400-fold increase in activity over the WT p110δ/p85α complex (Fig. 30-Left). 

However, the APDS2 p85α splice variant with p110α was minimally activated 
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(approximately twofold) compared with WT p110α/p85α (Fig. 30-Right). The PI3Kδ 

complex with the APDS2 p85α splice variant appeared to be close to fully active in the 

absence of stimulation (−pY) and showed only limited activation upon pY stimulation 

(approximately twofold). In contrast, the PI3Kα complex with the APDS2 p85α splice 

variant was further activated in the presence of pY, with an ∼10-fold increase in lipid 

kinase activity upon pY stimulation. This indicates that the SH2 inhibitory interfaces from 

p85α are almost fully disrupted in PI3Kδ, whereas the nSH2–helical inhibitory interface is 

likely partially conserved in the PI3Kα APDS2 complex. The PI3Kα APDS2 p85α 

complex was more active than WT PI3Kα in the presence of pY. 

 
Figure 30: APDS2 deletion of the N-terminal region of the iSH2 leads to increased 

basal and pY-activated lipid kinase activity compared with WT. 

Lipid kinase assays of WT PI3Kδ or PI3Kα with WT p85α or the APDS2 p85α splice 

variant [p85α (Δ434–475)] in the presence (+pY) or absence (basal) of a stimulating 

PDGFR-derived phosphopeptide (1 μM). Specific activity was normalized to respective 

WT (p110δ/p85α or p110α/ p85α). Left: Fold activation of APDS2 mutation in the context 

of PI3Kδ. Right: Fold activation of APDS2 mutation in the context of PI3Kα. Assays 

measured the production of ADP in the presence of 0.1–100 nM of enzyme, 100 μM ATP, 

and 5% PIP2/95% PS vesicles. Kinase assays were performed in triplicate (error shown as 

SD; n = 3). Unpaired T-Test was performed between conditions and the p-values are 

indicated in the graph. Adapted from Dornan et al., 2017. 
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HDX-MS Reveals That APDS2 Mutations in PIK3R1 Lead to Disruption of Inhibitory 

Interfaces in PI3Kδ.  

To investigate the molecular mechanisms by which APDS2 mutations in PIK3R1 

led to considerable activation of PI3Kδ, we used HDX-MS to compare dynamics of WT 

p110δ/p85α and WT p110δ/Δ434–475 p85α. The full set of all peptides analyzed for both 

p110δ and p85α is shown in Appendix A.1, Fig. 42. A number of regions in both p110δ 

and p85α of the APDS2 mutant PI3Kδ showed significant changes (defined as greater than 

7% and 0.7 Da change in deuterium incorporation at any time point) compared with WT 

(Fig. 31). Within p85, peptides spanning the nSH2–helical interface and cSH2–kinase 

interface had large increases in exchange, suggesting that the APDS2 p85α deletion 

disrupts both the nSH2 and the cSH2 inhibitory inputs. Apart from the iSH2 portion that 

contacts the ABD and remained unaffected, all of the iSH2 showed considerable increases 

in exchange (>50%) and were fully deuterated at 3 s of exposure with D2O, indicating a 

lack of secondary structure. This includes the inhibitory contacts between the iSH2 and C2 

domains. 

Several regions in the p110δ catalytic subunit showed increases in HDX in the 

APDS2 mutant compared with the WT (Fig. 31), including many regions with similar 

increases in HDX upon either pY binding or membrane binding in the WT. This included 

the ABD-RBD linker and the ABD domain at the interface with helix α1 of the iSH2, as 

well as the interface with the kinase domain (Appendix A.1, Fig. 42). Every inhibitory 

interface with the p85α subunit showed increases in HDX, including the C2–iSH2, helical–

nSH2, and kinase–cSH2 interfaces. A network of connected secondary structure elements 

in every domain of the catalytic subunit had increased HDX, suggesting a possible 

destabilization of the catalytic subunit. Together, the HDX results for p110δ bound to the 

APDS2 splice variant of p85α implied that the removal of the first helix α1 of the iSH2 

leads to a disruption of all inhibitory interfaces on the kinase domain of p110δ.  
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Figure 31: HDX-MS reveals that APDS2 mutation in p85α leads to disruption of 

inhibitory interactions in PI3Kδ. 

(A) Peptides in p110δ and p85α that showed differences in HDX both greater than 0.7 Da 

and 7% in the APDS2 p85α mutation compared with the WT are highlighted on the 

structural model from Fig. 28A according to the legend. nSH2 and cSH2 are shown 

disconnected from the catalytic subunit as the HDX data suggest that these interfaces are 

disrupted. (B) Time course of deuterium incorporation for a selection of peptides in both 

p110δ and p85α with differences in HDX in the APDS2 p85α mutant (error shown as SD; 

n = 3). (C) Schematic model of WT PI3Kδ and conformational changes that occur in the 

complex with the APDS2 splice variant of p85. Adapted from Dornan et al., 2017. 
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HDX-MS Reveals That APDS2 Mutations in PIK3R1 Lead to Partial Disruption of 

Inhibitory Interfaces in PI3Kα. 

To understand how the APDS2 splice variant of p85α led to only a partial 

activation of PI3Kα compared with PI3Kδ, we carried out HDX-MS experiments on the 

complex of WT p110α/p85α and a complex containing p110α with the p85α APDS2 splice 

variant (Fig. 32). The full set of all peptides analyzed for both p110α and p85α is shown in 

Appendix A.1 Fig. 43. Compared with WT p85α, association with the p85α APDS2 splice 

variant caused large increases in HDX in the p110α catalytic subunit in the ABD-RBD 

linker, and the p85α inhibitory C2–iSH2, C2–nSH2, and helical–nSH2 interfaces, similar 

to regions that showed increases in exchange either upon pY or membrane binding in the 

WT (Fig. 32) (Burke et al., 2012). Within peptides spanning p85α there were numerous 

regions that showed increases in HDX. The iSH2 coiled-coil outside of the ABD interface 

showed very large increases in HDX, similar to the APDS2 PI3Kδ complex, suggesting 

that in both complexes the p85α splice variant leads to large portions of the iSH2 becoming 

disordered. Intriguingly, regions of the nSH2 in contact with the catalytic subunit showed 

increases in exchange, suggesting that part of the interface is disrupted. However, these 

changes were less pronounced than those seen in the APDS2 PI3Kδ complex. This is best 

highlighted by a region in the nSH2 that directly contacts the kinase domain (residues 356–

371) that showed a larger increase in exchange in the APDS2 PI3Kδ complex compared 

with the APDS2 PI3Kα complex (Fig. 32C). 
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Figure 32: HDX-MS reveals that APDS2 mutation in p85α leads to partial disruption 

of inhibitory interactions in PI3Kα. 

 (A) Peptides in p110α and p85α that showed differences in HDX both greater than 0.7 Da 

and 7% in the APDS2 p85α mutation compared with the WT are highlighted on the 

structure of p110α bound to the nSH2 and iSH2 of p85α [PDB: 3HHM (38)]. The nSH2 

domain is shown disconnected from the catalytic subunit, as the HDX data suggest that this 

interface is partially disrupted. (B) Time course of deuterium incorporation for a selection 

of peptides in both p110α and p85α with HDX differences in the APDS2 PIK3R1 mutant. 

(C) HDX exchange levels for the APDS2 complex of PI3Kα and PI3Kδ compared with 

WT for a peptide in the nSH2 of p85α located at the nSH2–kinase interface at the 300-s 

time point. Error bars in all graphs represent SD (n = 3). (D) Schematic model of WT 

PI3Kα and conformational changes that occur in the complex with the APDS2 splice 

variant of p85α. Adapted from Dornan et al., 2017. 
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The APDS2 mutant is potently inhibited by the FDA approved PI3Kδ-specific inhibitor 

Idelalisib 

To determine if conformational differences identified in the APDS2 mutant of 

PI3Kδ would lead to differential inhibition by ATP competitive kinase inhibitors, we 

carried out lipid kinase assays in the presence or the absence of the clinically approved 

PI3Kδ inhibitor idelalisib (Somoza et al., 2015). The APDS2 mutant in the p85α regulatory 

subunit exhibited a very similar IC50 value compared with the WT (Fig. 33), indicating 

that this mutant protein might be targeted by idelalisib. 

 
Figure 33: Inhibition of WT and APDS2 mutant PI3Kδ by the potent PI3Kδ inhibitor 

idelalisib. 

Lipid kinase activity was normalised to kinase activity in the absence of inhibitors. IC50 

values were generated from triplicate independent inhibitor dilutions, and error is shown 

as SD. Adapted from Dornan et al., 2017. 

 

C-terminal truncations of p85α lead to decreased sensitivity to PDGFR pY stimulation 

As the APDS2 mutation led to a surprising isoform-specific activation 

mechanism, we were interested in whether other mutations of PIK3R1 that appear to drive 

isoform specific phenotypes might also provide novel insight into isoform specific 

regulatory elements. Additionally, the APDS2 deletion occurs within the N-terminus of the 

iSH2 and we wanted to investigate the regulatory mechanisms of other structural features 

of the iSH2 coiled-coil. To this end, we identified two oncogenic mutations (Q572* and 
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E601*) from the COSMIC database that produce truncations of p85 iSH2 domain within 

the C-terminal α2 helix and just after the α3 helix of the iSH2 (Forbes et al., 2016); Fig. 

28D-E, 29). To further probe the regulatory roles mediated by the iSH2 helices, we also 

engineered a third iSH2 mutation (R590*) that truncates p85α immediately before the α3 

helix of the iSH2. Although this specific mutation has not been identified as an oncogenic 

patient mutation, many mutations occur in that region of the iSH2 indicating that it is 

sensitive to perturbation.  

The cSH2 forms an inhibitory contact in PI3Kδ but not in PI3Kα, however the 

cSH2 drives the high affinity binding of pYXXM of PDGFR and both sites appear to be 

required for full activation as mutation of either cSH2 or nSH2 pYXXM binding sites leads 

to a 50% reduction in binding and activation downstream of IRS-1  (Klippel et al., 1992; 

Panayotou et al., 1993; Rordorf-Nikolic et al., 1995). To further differentiate the role of 

the cSH2 in both isoforms, we used p85α-E601* which truncates p85α immediately after 

the α3 helix of the iSH2, effectively removing the cSH2. The α3 helix of the iSH2 packs 

against the activation loop of the kinase domain and part of the coiled-coil of the iSH2 in 

both isoforms (Timothy P. Heffron et al., 2016; Miller et al., 2014). We wondered whether 

the α3 helix interfaces might be contributing to inhibition of class IA PI3Ks. Finally, we 

asked whether the oncogenic mutation that leads to the 571 truncation of p85α (Q572*) 

was activating due to the disruption of the C2-iSH2 contact as previously seen in PI3Kα, 

and whether this effect was also observed in PI3Kδ (Wu et al., 2009). This portion of the 

iSH2 also makes contacts with the nSH2, and potentially contributes to proper positioning 

of the nSH2 (Huang et al., 2007; Shekar et al., 2005). 

To investigate the effect these truncations exerted on the function of class IA 

PI3Ks and whether there were isoform specific regulatory mechanisms, we measured the 

kinase activity of the C-terminal truncations in the context of both PI3Kα and PI3Kδ. 

Kinase activity of the enzymes was measured on a plasma membrane mimic vesicle in the 

absence (basal activity) or presence of 1 uM PDGFR bis-phosphorylated pY peptide 

(referred to afterwords as PDGFR pY) representing residues 735-767 with the pY740 and 

pY751 phosphorylation sites.  
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Figure 34: Lipid kinase activity of the WT and C-terminal truncations of p110α/p85α 

and p110δ/p85α. 

Lipid kinase activity was measured in the presence (+pY) or absence (Basal) of a 

stimulating PDGFR derived phosphopeptide (1 uM). Assays measured the production of 

ADP in the presence of 0.1–1100 nM of enzyme, 100 μM ATP, and PM mimic vesicles 

containing 5% PIP2. Kinase assays were performed in triplicate (error shown as SD; n = 

3). Unpaired T-Tests were performed and results are as follows: n.s. = non significant, 

p>0.05, * = p<0.05, ** = p<0.01.  

Compared to the respective WT enzyme (PI3Kα or PI3Kδ), all truncations showed 

decreased stimulation by 1 uM PDGFR pY (Fig. 34). The largest truncation (p85α-Q572*) 

leads to hyperactivation of both isoforms basally, where in PI3Kδ the activation was at the 

level of an PDGFR stimulated state in the wildtype, similar to the effect of the APDS2 

deletion mutant. The p85α-Q572* truncation mutant in PI3Kα was between 5-6 fold higher 

activity compared to the PDGFR pY stimulated state of wildtype. This is consistent with 

previous studies that showed the p85α-Q572* mutation led to a constitutively active PI3Kα 

(Shekar et al., 2005; Wu et al., 2009). In complex with p110δ, p85α-Q572* was still mildly 

activated by an PDGFR pY, whereas p85α-Q572* was unable to be activated by PDGFR 

pY in complex with p110α. The previous literature identified the 581-593 region of the 

iSH2 as an important nSH2 interface and predicted that the loss of this region due to the 

truncation at 571 would lead to disruption of the nSH2-iSH2 interface to mediate 

constitutive activity (Shekar et al., 2005). If this prediction is correct, then perhaps the 

PI3Kα and PI3Kδ isoforms differ at this interface. Existing structures of p110δ in complex 
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with the p85α subunit contain only the iSH2 (Castanedo et al., 2017; Erra et al., 2018; 

Timothy P. Heffron et al., 2016; Qin et al., 2017). The p85α-R590* and p85α-E601* 

truncations (α3 helix and cSH2 truncations) showed little to no hyperactivation at the basal 

state and reduced stimulation by PDGFR pY. Interestingly, PI3Kα lacking the cSH2 (p85α-

E601*) was unable to be stimulated by 1 uM PDGFR pY despite this isoform lacking the 

cSH2-kinase interface. This result was unexpected, as the PI3Kα isoform is highly sensitive 

to PDGFR pY stimulation, requiring ~10 nM for full activation, and the cSH2 forms no 

interface with the kinase in this isoform (Burke and Williams, 2013). As the cSH2 forms 

no interface with the kinase in this isoform, a loss of the cSH2 might be expected to have 

low consequence towards the activation by pYXXM containing receptors. 

 
Figure 35: Dose response of bis-phosphorylated PDGFR phosphopeptide (PDGFR 

pY) concentration of the WT and the C-terminal truncations p85α-R590* and p85α-

E601* in complex with p110α. 

Lipid kinase activity was measured at seven to eight different concentrations of PDGFR 

pY (0.0016 nM – 125 uM). Assays measured the production of ADP in the presence of 

0.1–100 nM of enzyme, 100 μM ATP, and PM mimic vesicles containing 5% PIP2. Kinase 

assays were performed in triplicate (error shown as SD; n = 3). 
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To determine whether the ability of PI3Kα to be activated by PDGFR pY was 

completely abolished, we performed a PDGFR pY titration for two of the PI3Kα constructs 

(Fig. 35). The WT PI3Kα was fully activated at ~30 nM PDGFR pY, similar to previously 

published values for WT mentioned above, whereas the C-terminal truncations were 

activated by PDGFR pY at much higher concentrations. The p85α-R590* truncation 

lacking the α3 helix of the iSH2 onward required a larger concentration of PDGFR pY for 

full activation. The p85α-E601* truncation lacking the cSH2 was able to be activated to 

the same extent as WT but required 125 uM of PDGFR pY. These data indicate that the 

cSH2 is required for efficient activation of PI3Kα despite the cSH2 not forming inhibitory 

interfaces with the catalytic subunit as in other isoforms, and that loss of the cSH2 leads to 

decreased sensitivity to activation by PDGFR pY.  

C-terminal truncation of p85α in the iSH2 coiled-coil leads to disruption of key inhibitory 

interfaces 

To investigate the molecular mechanisms that lead to the hyperactivation of the 

p85α-Q572* truncation mutant when in complex with p110α, we used HDX-MS to probe 

for conformational changes between the WT and the p85α-Q572* truncation in the basal 

state as the Q572* truncation was already fully activated without PDGFR pY stimulation. 

The full set of all peptides analyzed for both p110α and p85α is shown in Appendix A.1 

Fig. 44. Differences between the WT and mutant protein in the basal state are shown in 

Appendix A.1, Fig. 45. 
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Figure 36: Hydrogen deuterium eXchange reveals disruption of key inhibitory 

interfaces in the Q572* C-terminal truncation mutant in complex with p110α. 

(A) Time course of deuterium incorporation for a selection of peptides in both p85 and 

p110 with HDX differences in the Q572* mutant. (B) Peptides in p85 and p110 that 

showed differences in HDX that were greater than both 0.4 Da and 7% in the Q572* C-

terminal truncation mutant compared with the WT are mapped on the structure of p110 

bound to both the nSH2 and iSH2 of p85 [PDB: 2OVU (Miller et al., 2014)]. (C) 

Schematic model of WT PI3K (p85/p110) and the conformational changes that occur 

in the complex with the p85 Q572* variant exhibiting C-terminal truncation. 

 

HDX experiments examining the difference between WT PI3Kα and the C-

terminal p85α-Q572* PI3Kα truncation revealed increases at key inhibitory interfaces 

between the regulatory and the catalytic subunit (Fig. 36). There were large increases in 

exchange in the p85α-Q572* truncation at all regions of the iSH2 not in contact with the 

ABD domain. This confirms the previous report that the p85α-Q572* mutation in complex 

with p110α leads to disruption of the iSH2-C2 interface and explains why other mutations 

in the iSH2 are not additive in their activation effects as the inhibitory contacts through the 

iSH2 are likely fully disrupted (Wu et al., 2009). Large increases in exchange were also 

observed in the ABD-RBD linker region, the ABD-kinase interface, and the nSH2-helical 

interface. Surprisingly, the peptide spanning the helical-nSH2 interface on p110α did not 
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reach significance. This contrasts with the APDS2 PIK3R1 deletion results in the context 

of PI3Kα (Fig. 30 & 32). The kinase activity assays showed that PI3Kα was only mildly 

activated in the basal state but was still able to be activated in the presence of a stimulating 

PDGFR pY. In the current study, the p85α-Q572* truncation shows hyperactivation in the 

basal state, so we might expect to see similar increases in deuterium exchange at this 

interface. However, the only observed increases in exchange in the APSD2 mutant in the 

nSH2 were distant from the nSH2-helical interface. These increases indicate that the 

inhibitory interfaces between the subunits of the heterodimer are likely disrupted, 

accounting for the hyperactivation of the mutant construct compared to WT. As the nSH2-

helical contact is the key PI3Kα inhibitory interface, disruption of this contact potentially 

explains the inability of this mutant to be further stimulated by PDGFR pY.  

Both SH2 domains are required for full and efficient PI3K activation 

The key inhibitory interface of PI3Kα is the nSH2 interface with the helical 

domain of p110α (Burke et al., 2012, 2011). PI3Kβ and PI3Kδ are also regulated by the 

cSH2 interface with the C-lobe of the kinase domain (Burke et al., 2012; Burke and 

Williams, 2013; Zhang et al., 2011). Despite the lack of cSH2 interface in PI3Kα, evidence 

supports a role for the cSH2 in regulation. PDGFRβ contains two pYXXM sites that PI3K 

binds, pY740 and pY751 (Kashishian et al., 1992). The cSH2 has been shown to be 

sufficient for maximal binding in the context of free p85, with similar affinities for both 

PDGFR pY sites to full p85, whereas the nSH2 has a much lower affinity for one of the 

pYXXM motifs of PDGFRβ (Klippel et al., 1992; Panayotou et al., 1993). Existing models 

to describe the regulatory mechanisms of the SH2 domains of p85α in the PI3K 

heterodimer show evidence for either two-site or one-site binding (Rordorf-Nikolic et al., 

1995; Yu et al., 1998b). To further investigate the role of the cSH2 domain in the context 

of PI3Kα, we compared WT PI3Kα to PI3Kα constructs with abrogated nSH2 or cSH2 

FLVR sites, which is key for binding RTK pYXXM motifs. We singly mutated the FLVR 

motifs in the SH2 domains to create two constructs with a non-functional nSH2 (R358A) 

or a non-functional cSH2 (R649W), which is also the most common SHORT mutation 

(Fig. 28D, 29). We then measured kinase activity under differing PDGFR pY conditions, 

using either a bis-phosphorylated pY peptide or peptides phosphorylated at either the 
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pY740 or pY751 (Fig. 37A). The first condition compares basal activity and PDGFR 

stimulated activity of 1 uM PDGFR pY that is bis-phosphorylated, followed by a dose 

response of the bis-phosphorylated PDGFR pY.  

 
Figure 37: SHORT mutation of key phosphopeptide binding residue leads to 

decreased phosphopeptide sensitivity. 

(A) Sequences of the PDGFR pY variants. Phosphorylation of tyrosines represented as 

(pY). (B) Lipid kinase activity of the WT and the SH2 FLVR mutations R358A and 

R649W in the absence (Basal) or presence (+1 uM pY) of PDGFR bis-phosphorylated pY. 

Assays measured the production of ADP in the presence of 0.1–100 nM of enzyme, 100 

μM ATP, and PM mimic vesicles containing 5% PIP2. Kinase assays were performed in 

triplicate (error shown as SD; n = 3). Unpaired T-Tests were performed and results are as 

follows: n.s. = non significant, p>0.05, * = p<0.05, ** = p<0.01.  (C) Dose response of bis-

phosphorylated PDGFR pY concentrations of WT and the SH2 FLVR mutations R358A 

and R649W. Lipid kinase activity was measured at four to eight different concentrations 

of PDGFR pY (0.0016 nM – 125 uM). Assays measured the production of ADP in the 

presence of 0.1–100 nM of enzyme, 100 μM ATP, and PM mimic vesicles containing 5% 

PIP2. Kinase assays were performed in triplicate (error shown as SD; n = 3). (D) Dose 

response of single phosphorylated PDGFR pY peptides (pY peptide 1 corresponds to 

pY740 and pY peptide 2 corresponds to pY751 of PDGF kinase-insert region) 

concentration of the wild-type and the SH2 FLVR mutation R649W. Lipid kinase activity 

was measured at four different concentrations of PDGFR pY (1 nM – 125 uM). Assays 

measured the production of ADP in the presence of 0.1–100 nM of enzyme, 100 μM ATP, 

and PM mimic vesicles containing 5% PIP2. Kinase assays were performed in triplicate 

(error shown as SD; n = 3). 
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The SHORT mutation R649W, which decreases the affinity for PDGFR pY 

binding in the cSH2 domain, mimicked the results of the E601* mutant (Fig. 34), where 

the basal activity was the same as basal WT activity and the mutant was unable to be 

stimulated by 1 uM PDGFR pY (Fig. 37B). The nSH2 FLVR motif mutant was able to be 

stimulated by PDGFR pY, however this was minimal compared to WT (Fig. 37B). To test 

whether higher concentrations of PDGFR pY would lead to full activation of the mutants, 

we conducted a similar dose response activity experiment as previously described (Fig. 

35). A PDGFR pY dose response revealed that the SHORT mutation in the cSH2 further 

mimicked the activity of E601*, where full activation was achieved at a high concentration 

of PDGFR pY (Fig. 37C). This shows that the nSH2-helical interface is still broken, 

however the cSH2 binding of pYXXM is required for sensitivity to PDGFR pY. The nSH2 

FLVR mutant revealed activation at lower concentrations of PDGFR pY, however even at 

high concentrations the nSH2 FLVR mutant was not capable of reaching full activation 

(Fig. 37C). This is likely due to the inability of PDGFR pY to break the nSH2-helical 

interface in the nSH2-FLVR mutant R358A. 

Using the single monophosphorylated PDGFR pY peptides, we performed similar 

titrations on the WT p85α and the R649W SHORT mutant p85α in the context of the PI3Kα 

heterodimer (Fig. 37D). When incubated with PDGFR pY740, both the WT and mutant 

PI3Kα exhibited a similar trend to that of the PI3Kα R358A mutant lacking the nSH2 

FLVR binding site. At 125 uM of the single peptide, both PI3Kα constructs never reached 

full activation indicating that binding of this site alone was not able to break the nSH2-

helical interface. For the R649W mutant, where only the nSH2 in theory can now bind 

pYXXM motifs, this is expected as the nSH2 has a much lower affinity for this specific 

site (Panayotou et al., 1993). For WT, it would be expected that the cSH2 would bind 

pY740 due to the high affinity of the cSH2 for this site (Panayotou et al., 1993). This is 

likely what is happening, as binding of the cSH2 alone would not be expected to break 

nSH2-helical interface. In the context of the PDGFR pY751, both the WT and the mutant 

PI3Kα reached full activation at high concentrations of PDGFR pY similar to the trend 

seen in the E601* and R649W mutants in the context of the bis-phosphorylated PDGFR 

pY. Both the nSH2 and the cSH2 can bind the pY751 site with high affinity. The ability of 

the R649W mutant to mimic a bis-phosphorylated peptide response indicates that pY751 
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is likely the site which the nSH2 binds. The WT result which also mimics an nSH2 driven 

binding/activation event indicates that despite availability of both SH2 domains, the pY751 

is being bound by nSH2 over cSH2. These results taken together indicate that there could 

be a preferential binding orientation of the PI3Kα heterodimer with the kinase-insert region 

of PDGFR pY. 

Absence of the cSH2 leads to decreases in conformational changes associated with full 

class IA PI3K activation 

To investigate how the C-terminal truncations were mediating the observed 

PDGFR pY activity differences, we used HDX-MS on WT, R590*, E601* and R649W 

p85α mutants in the context of the PI3Kα heterodimer. PI3Kα constructs were incubated 

with 0 uM, 1 uM, or 20 uM PDGFR pY and exchange reactions proceeded for three 

different time points (3, 30, 300s). The full set of all peptides analyzed for both p110α and 

p85α is shown in Appendix A.1 Fig. 46. Differences between states are shown for both 

p110α and p85α of WT and mutant proteins in Appendix A.1 Fig. 47. 

The WT p85α PI3Kα heterodimer exhibited changes in deuterium incorporation 

previously observed when comparing basal to PDGFR pY activated states (Fig. 38A; 

(Burke et al., 2012)). Increases in deuterium exchange were observed in key interface 

regions including the helical-nSH2 interface of p110α (532-551), and the C2-iSH2 

interface (343-350 and 444-473). Other regions of increase included the ABD-RBD linker 

of p110α (100-119), and the regions of the p85-iSH2 nearest to the SH2 domains and 

including the α3 helix (444-456 and 582-596). Both nSH2 and the cSH2 showed large 

decreases in exchange consistent with PDGFR pY binding. The WT p85α PI3Kα changes 

were all observed between 0 uM PDGFR pY and 1 uM PDGFR pY, with only mild 

differences in exchange between the 1 uM PDGFR pY and the 20 uM PDGFR pY (Fig. 

38B).  
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Figure 38: Hydrogen deuterium eXchange reveals decreased sensitivity of C-terminal 

variants compared to wild-type p110α/p85α. 

(A) Peptides in p85 and p110 that showed differences in HDX that were greater than 

both 0.4 Da and 4% in the wild-type PI3K in the absence or presence of PDGFR pY (1 

uM or 20 uM) peptide are mapped on the structure of p110 bound to both the nSH2 and 

iSH2 of p85 (Prepared as described in Chapter 2: Methods). (B) The changes in % relative 
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deuterium incorporation of PI3K variants in the presence of different PDGFR pY peptide 

concentration (0 uM, 1 uM, or 20 uM) represented as changes observed upon binding low 

level PDGFR pY peptide concentration (deuterium incorporation of specified peptide at 0 

uM pY subtracted from deuterium incorporation of specified peptide at 1 uM pY binding) 

and upon binding to a larger concentration of PDGFR pY peptide (deuterium incorporation 

of specified peptide at 1 uM pY subtracted from deuterium incorporation of specified 

peptide at 20 uM pY binding). Graphs represent peptides in both p85 and p110 of wild-

type and C-terminal variants PI3K at specific time points. (C) Schematic model of WT 

PI3K (p85/p110) and the conformational changes that occur in the complex upon 

binding to 1 uM PDGFR pY peptide. 

 

Both the R590* and R649W p85α mutant PI3Kα exhibited similar changes in 

deuterium incorporation as WT, however, these changes were smaller and only observed 

between 1 uM PDGFR pY and 20 uM PDGFR pY (Fig. 38B). This indicates that the C-

terminal truncations are being activated by the same mechanisms as WT but are less 

sensitive to the PDGFR pY. One exception is in the case of the p85-R590* mutant, which 

also exhibits large increases in deuterium incorporation near the truncation site in the iSH2 

coiled-coil (556-570). These changes are seen in both concentrations of PDGFR pY. The 

truncations of the α3 helix could be destabilizing this region of the iSH2, and driving the 

mild activation seen both basally and upon addition of PDGFR pY at 1 uM (Fig. 34). If the 

α3 helix had no regulatory role, we would expect to see a similar kinase activity to the p85-

E601* mutant. Interestingly, the cSH2 domain of the p85-R649W mutant still exhibits 

decreases in deuterium incorporation in the same regions associated with PDGFR pY 

binding (681-687 and 704-710). These changes occurred only in the presence of 20 uM 

PDGFR pY, and were smaller decreases than in WT. It is possible that the peptide can still 

associate with the SH2 domain, although at a lower affinity and that this high affinity 

interaction is imperative to efficient activation of PI3Kα. The p85-E601* mutant PI3Kα 

did not exhibit any significant changes in deuterium incorporation even at 20 uM PDGFR 

pY.  
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4.3  Discussion 

The results presented here demonstrate the complexity of isoform specific 

regulatory mechanisms in class IA PI3Ks, and underscore the importance of studying 

disease linked mutations in the regulatory subunit p85α to bridge important knowledge 

gaps in regulatory mechanisms of class IA PI3Ks. In this chapter, I set out to investigate 

how disease linked mutations led to perplexingly specific phenotypes, despite the 

necessary role of the p85α in complex with all class IA p110 isoform. Mutations in 

PIK3R1, which encodes the regulatory subunit p85α, have been identified in solid tumours, 

the primary immunodeficiency APDS2, and in the developmental disorder SHORT 

syndrome. PIK3CA, encoding p110α, is one of the most mutated gene in cancers and 

activating mutations in p110α disrupt inhibitory interfaces of the p110α/p85α complex 

(Burke et al., 2012; Huang et al., 2007; Samuels et al., 2004). Similarly, activating 

mutations in PIK3CD, which were presented in the previous chapter, mimic the activation 

mechanisms of corresponding PIK3CA mutations and drive the primary 

immunodeficiency APDS1 (Dornan et al., 2017; Takeda et al., 2017). Some phenotypes of 

PIK3R1 mutations appear to be driven by specific catalytic isoforms. The mutation in the 

N-terminus of the iSH2 α1 helix is the most frequently identified APDS2 mutation whereas 

oncogenic mutations of PIK3R1 that cluster around the C-terminal region of the iSH2 in 

the α2 and α3 helices. By investigating the molecular mechanisms that mediate activation 

of the observed disease mutations, I was able to uncover novel aspects of isoform specific 

regulation (APDS2 mutation) and mechanisms of regulation mediated by different 

structural components of the iSH2. 

The APDS2 mutation that results in a loss of exon 11 and a deletion of residues 

434-475 at the N-terminus of the iSH2 α1 helix showed a differential activation of p110δ 

compared to p110α. In the context of p110δ, the APDS2 mutation caused full, 

hyperactivation of the enzyme in the absence of RTK stimulation whereas p110α was only 

minimally affected and still required RTK stimulation for hyperactivation. HDX-MS of 

both mutant proteins in the basal context revealed that this difference was due to full 

disruption of PI3Kδ compared to PI3Kα, where the nSH2 showed minimal disruption. The 

nSH2 binds more tightly to the p110α isoform, and is more sensitive to PDGFR pY 
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stimulation (Burke and Williams, 2013). This difference in nSH2 binding of the catalytic 

subunit likely allows the nSH2-helical interface to remain intact in p110α/p85α. It was 

previously thought that the deletion of the N-terminal region of the iSH2 would lead to full 

disruption of the nSH2-helical interface in all isoforms, as a deletion in this region would 

lead to a shortening of the iSH2 helix connected to the nSH2 (Lucas et al., 2014). However, 

the HDX-MS results revealed that the regions of the iSH2 not in contact with the ABD 

were completely disordered. Unravelling of the helical structure in this region likely allows 

enough length for the nSH2 to bind the helical interface in p110α and still mediate 

inhibition. 

PIK3R1 mutations in the C-terminal region of the p85α iSH2 revealed similar 

trends when in complex with either p110α or p110δ. One of the main functional differences 

identified was the ability of p85α-E601* in complex with p110δ to be activated by 1 uM 

PDGFR pY while p110α required much higher concentrations. This led to investigations 

of the cSH2 FLVR mutant which abrogates the cSH2 ability to bind phosphorylated 

YXXM motifs of RTKs and their adaptors. Both the p85α-E601* in complex with p110α 

and the cSH2 FLVR mutant rely solely on the nSH2 ability to bind pYXXM motifs. Their 

dose response to stimulating PDGFR pY was the same. The nSH2 FLVR mutant showed 

opposite activation, where it was still sensitive to PDGFR pY but was never able to achieve 

full activation. Studies on the nSH2 and cSH2 of p85α have previously shown that the 

cSH2 drives a high affinity interaction with PDGFR, and that both SH2 domains are 

necessary for full activation of class IA PI3Ks (Klippel et al., 1992; Rordorf-Nikolic et al., 

1995). There is also evidence that the motif environment of the peptide is important for 

high affinity binding and PI3K binds with higher affinity to a bis-phosphorylated RTK 

(Kashishian et al., 1992). The pY740 monophosphorylated peptide lead to partial activation 

of both cSH2 mutant and WT p110α, similar to the mutant where only the cSH2 can bind 

pYXXM (R358A). However, the pY751 monophosphorylated peptide in WT and the cSH2 

FLVR mutant showed the same results as the cSH2 mutant in the context of the bis-

phosphorylated PDGFR pY indicating that when both SH2 domains are capable of binding 

with high affinity, the nSH2 likely binds pY751. In the presence of bis-phosphorylated 

peptide, mutants lacking a competent cSH2 domain showed decreased changes in 

deuterium exchange associated with binding of PDGFR pY. 
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This study set out to investigate human diseases that appeared to be driven through 

p110 isoform specific mechanisms. The APDS2 mutation that leads to a deletion of part of 

the N-terminus of the iSH2 did show isoform specific regulatory mechanisms of class IA 

p110s. However, this was not the case for oncogenic mutations in the C-terminus of the 

iSH2, and both p110α and p110δ isoforms were similarly activated. Although mutations in 

this region have only been identified in solid tumour samples, their frequency is very rare 

and is not indicative that disease is driven through an isoform specific mechanism. It was 

unknown whether the APDS2 mutations would be inhibited from the p110δ specific 

inhibitor idelalisib. We were able to show that the most frequent APDS2 mutation was 

inhibited by idelalisib, leading to p110δ inhibitors as strong candidates for therapeutic 

intervention in these patients. This study shows the power of HDX-MS combined with 

biochemical tools in probing conformations of protein complexes that are difficult to study 

through other structural techniques. 
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Chapter 5: 

Discussion and Future Directions 

 

5.1  Summary of research objectives 

Class IA PI3Ks are vital for the propagation of extracellular signals through their 

production of PIP3, leading to cell growth, metabolism, and proliferation. The class IA 

enzymes are obligate heterodimers composed of a catalytic subunit (p110) and a regulatory 

subunit (p85-like) that mediates the inhibition of and the activation of enzymatic activity 

downstream of phosphorylated receptors at the PM. The complex regulatory network of 

interfaces that occurs within and between the two proteins, along with other regulation 

mechanisms such as cellular subset expression and a variety of upstream and downstream 

signalling partners makes the study of class IA PI3K biology challenging. The class IA 

PI3Ks have been extensively studied starting in the early 1990’s, with approximately 3000 

new publications on these enzymes now released every year. Despite this abundance of 

knowledge, questions remain regarding the regulation of these complex enzymes.  

During the course of this thesis, I have set out to answer key questions regarding 

the regulatory mechanisms that mediate class IA PI3K activity in the context of both its 

inhibition and its activation downstream of phosphorylated receptors (RTKs and adaptors). 

To this end, I have used a sophisticated suite of biochemical tools combined with HDX-

MS to probe allosteric conformational mechanisms of class IA PI3K regulation. Prior 

elucidation of PI3K regulatory mechanisms through determination of allosteric 

conformational changes has paved the way for the methodological flow-path used in this 

thesis (Burke et al., 2012, 2011; Vadas et al., 2011).  

The primary objective of this dissertation has been to identify the mechanisms that 

mediate the natural activation cycle of class IA PI3Ks and to characterise how activating 

disease mutations lead to perturbations to the normal class IA PI3K function. In chapter 4 

I addressed how mutations in PIK3CD that result in single residue mutations in the p110δ 

isoform of the catalytic subunit mediate activation over the WT enzyme. In chapter 5 I 
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investigated the consequences of mutations in PIK3R1 that result in truncations of the 

regulatory subunit p85α, and how different mutations could exhibit isoform specific 

activation. In this chapter, I will discuss the implications of the results from chapter 4 and 

chapter 5 and the questions that remain. Finally, I will discuss the therapeutic potential 

with relation to the results displayed in this thesis, followed by future directions to further 

probe the complex class IA PI3K regulatory network. 

5.2  Mutations of class IA PI3Ks 

 The class IA PI3Ks are integral in mediating growth, proliferation, survival and 

development in cells. The inter and intra protein interactions of class IA PI3Ks and their 

ability to be activated downstream of a wide array of membrane receptors combine to make 

a complex regulatory network. PIP3 levels must be precisely controlled in this network to 

mediate the correct cellular role in response to extracellular signals. Perturbations to the 

natural function of PI3Ks leads to a wide variety of human diseases, including diabetes, 

cancers, developmental disorders, and immunodeficiency.  

The majority of mutations identified as causative in PI3K driven disease states have 

been activating mutations, leading to increased PIP3 levels and thus, increased downstream 

signalling due to the role of PIP3 in localising and activating proteins containing PIP3 

specific binding domains. The most well studied activating mutations have been those that 

drive oncogenesis, with a focus on mutations in PIK3CA, the gene that encodes p110. 

PIK3CA is one of the most mutated genes in many cancers and prevalence of these 

activating, oncogenic mutations is considerably higher than in other subunits (Millis et al., 

2016; Samuels et al., 2004). Somatic mutations in PIK3CD can lead to cancers of the blood, 

however, germline mutations in PIK3CD can result in activation of p110 which lead to 

primary immunodeficiency. Low or absent PIP3 levels can also be pathogenic. Mutations 

in PIK3R1, encoding the regulatory subunit p85 (and in some cases, p55α, p50α) have 

been identified in patients with the developmental disorder SHORT syndrome. These 

mutations lead to an inability of PI3K to be properly activated downstream of agonist 

stimulated membrane receptors. There have also been patients recently identified with 

PIK3CD mutations that lead to abolished p110δ driven PI3K signalling. These mutations 
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lead to a premature stop site before the kinase domain, or deletion of key residues in the 

ATP binding cleft (Cohen et al., 2018; Sogkas et al., 2018). 

Interestingly, pathogenic mutations appear to occur in specific subsets of PI3K 

subunits. For example, activating mutations in PIK3CB, or p110, are distinctly lacking. 

Both p110 and p110 are expressed ubiquitously and are necessary for cell growth and 

proliferation (Bi et al., 2002, 1999; Foukas et al., 2010). Activating mutations often lead to 

disruption of inhibitory interfaces to drive increased activity or conformational changes 

that mimic natural activation mechanisms of PI3Ks, so it is mysterious as to why activating 

mutations are not more frequently found in PIK3CB.  

The regulatory subunits also exhibit isoform differences, where mutations in 

PIK3R1 can be oncogenic (somatic) or can lead to primary immunodeficiency (germline). 

Somatic mutations in PIK3R2 can lead to overgrowth and developmental disorders, with 

far fewer oncogenic mutations identified in PIK3R2 or PIK3R3 (Forbes et al., 2016). 

Molecular mechanisms of activating mutations in PIK3CD mediating conformational 

disruption of p110δ/p85α 

Since the discovery of activating germline mutations in PIK3CD, nine residues with 

eleven total mutations have been identified (Angulo et al., 2013; Jou et al., 2006). These 

mutations occur throughout the primary sequence of p110 and include E81K, G124D, 

N334K, R405C, C416R, E525A/E, R929C, E1021K, and E1025G/K (Crank et al., 2014; 

Dulau-Florea et al., 2017; Edwards et al., 2019; Lucas et al., 2013; Rae et al., 2017; Takeda 

et al., 2017; Tsujita et al., 2016; Wentink et al., 2017). The p110α isoform is frequently 

mutated in cancer, and mutations are distributed throughout the primary sequence (Samuels 

et al., 2004). The APDS1 mutations identified in p110δ are located in similar locations to 

oncogenic mutations that have been identified in p110α (Rudd et al., 2011). One of the 

major questions is whether mutations in p110δ lead to activation of lipid kinase activity by 

a mechanism similar to oncogenic mutations in p110α. HDX-MS experiments on WT 

PI3Kδ showed that there are four conformational differences upon pY activation and 

membrane binding: (i) disruption of the nSH2 and cSH2 inhibitory contacts, (ii) disruption 

of the C2–iSH2 interface, (iii) reorientation of the ABD relative to the rest of the catalytic 
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subunit, and (iv) interaction of the kinase domain with membranes. All of the tested p110δ 

mutations mimicked or enhanced one of these conformational differences.  

The E81K and G124D mutants both led to a reorientation of the ABD relative to 

the rest of the catalytic subunit. Additionally, G124D also showed disruption of the C2-

iSH2 interface. The E525K mutant led to disruption of the nSH2–helical interface, similar 

to the level seen upon WT binding to phosphopeptide. The E1021K mutant led to 

conformational changes within the kinase domain in regions that interact with the 

membrane surface, with similar effects to those seen in the H1047R p110α mutant. The 

location of the cSH2–kinase interface near the E1021K mutation had alluded to a 

mechanism of activation through disruption of the cSH2 interface that increases membrane 

affinity (Angulo et al., 2013); however, no conformational differences in the cSH2 were 

observed, implying that this inhibitory interface is maintained. The likely mechanism for 

activation of E1021K is increased membrane recruitment, similar to H1047R in p110α. 

Indeed, HDX-MS of all mutants tested in the presence of PM mimic membrane showed 

enhanced membrane binding and the E1021K mutant showed the largest changes in these 

regions. 

 As APDS1 mutations in p110δ and oncogenic mutations in p110α both stimulate 

PI3K activity by similar mechanisms, we could expect mutations in p110δ that occur in 

analogous regions to oncogenic mutants in p110α will cause APDS. Similar to p110α 

H1047R mutation, E1021K of p110δ is the most common APDS1 mutation identified to 

date. Despite this, the overall frequency of E1021K is lower in relation to other activating 

mutation sites as opposed to H1047R which is the most frequent. What this indicates is that 

APDS1 mutations are more frequently found throughout the primary sequence. Patients 

exhibiting an undefined primary immunodeficiency should therefore have their entire 

PIK3CD coding region screened for mutations, as opposed to SNP genotyping, to ensure 

APDS can be diagnosed efficiently.  
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Molecular mechanisms of how mutations in PIK3R1 lead to isoform specific activation 

of class IA PI3Ks 

The p85-like regulatory subunits are necessary for the stability of the class IA 

PI3K heterodimers; They mediate the inhibition and activation of PI3K complexes 

downstream of phosphorylated receptors harbouring the pYXXM motif that is bound by 

the SH2 domains that all p85-like subunits have. Mutations in the regulatory subunits lead 

to perplexing phenotypes reminiscent of isoform specific cellular roles and that mimic 

activating mutations that occur in specific catalytic p110 isoforms. This led to the idea that 

perhaps there exist isoform specific regulatory mechanisms mediated through the p85-like 

subunits through their interactions with different class IA catalytic isoforms. The most 

common APDS2 mutation leads to an internal deletion at the N-terminus of the iSH2 (Deau 

et al., 2014; Lucas et al., 2014). Oncogenic mutations that are putatively p110 driven exist 

that lead to deletions of p110 at the C-terminus. These mutations, which exhibit isoform 

specific phenotypes, were an opportunity to study isoform specific regulatory mechanisms 

and further define the role of the iSH2 in mediating regulation of p110 subunits.  

Our biochemical and structural studies show that the APDS2 mutant of p85α leads 

to a substantial basal activation of PI3Kδ at a level close to the fully activated state when 

bound to phosphopeptide mimicking RTK stimulation. The APDS2 complex of PI3Kα was 

only weakly basally activated and was hyperactivated by RTK pY. HDX-MS results 

showed a disruption of the C2–iSH2 and reorientation of the ABD in the PI3Kα APDS2 

complex, and this provides a possible mechanism for RTK pY hyperactivation compared 

with WT. The APDS2 PI3Kδ complex was only weakly hyperactivated by RTK pY, 

possibly suggesting that the ABD and C2–iSH2 interfaces are already broken in the 

absence of RTK pY. The HDX-MS results revealed that in the APDS2 PI3Kδ complex all 

inhibitory interfaces between the nSH2, iSH2, and cSH2 of p85α were; however, in PI3Kα 

the inhibitory interface with the nSH2 is only partially disrupted. Previous HDX-MS 

comparisons between PI3Kα and PI3Kδ showed that the nSH2 is more tightly bound to 

p110α compared with p110δ (Burke and Williams, 2013). Both the HDX-MS and kinase 

assays indicate that an intact coiled-coil is required to maintain the nSH2 and cSH2 

interactions in PI3Kδ, whereas the tighter interaction between nSH2 and p110α is able to 
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maintain a partial level of inhibition in the absence of the full iSH2 coiled-coil. This 

difference in activation level in the APDS2 complex of PI3Kδ compared with PI3Kα 

provides a possible molecular mechanism for how APDS2 mutations 

in PIK3R1 phenocopy the APDS1 mutations in PIK3CD. The basal partial activation in 

p110α/Δ434–475 p85α may still be relevant as an oncogene due to its discovery as being 

somatically mutated in endometrial carcinomas (Urick et al., 2011). The hyperactivation 

of the APDS2 complex of PI3Kα by pY compared with WT further underscores this 

potential relevance; however, further study will be required to examine the expression and 

stability of the APDS2 PI3Kα complex to understand the difference between oncogenicity 

in germline and somatic mutations. 

The oncogenic and engineered C-terminal mutants result in truncation of the iSH2 

at distinct structural points. Biochemical data showed that disruption of the coiled-coil 

within the α2 helix led to full activation of the Q572* mutation in both p110 and p110 

complexes. HDX-MS of p110/p85-Q572* showed disruption of most of the inhibitory 

interfaces, mimicking all four of the major conformational changes identified in the PI3K 

natural activation cycle as stated above. Interestingly, the other deletion mutants led to a 

desensitization of the p110/p85 complexes to the stimulating PDGFR pY. The mutants 

were able to reach full activation, however they required a higher concentration to do so. 

The SHORT mutation of the FLVR domain (R649W) that binds the pYXXM motifs of 

PDGFR and other phosphorylated membrane receptors/proteins is known to result in 

decreased PI3K pathway signalling (Chudasama et al., 2013; Dyment et al., 2013). Our 

results show that R649W leads to the same observed activity, where desensitisation to 

PDGFR pY occurs. The impairment of PI3K signalling upon agonist stimulation 

specifically due to the loss of pYXXM binding by the cSH2 is mildly perplexing in the 

case of p110, as in this isoform the cSH2 does not make contacts with the catalytic subunit 

(Burke et al., 2012). However, the cSH2 drives high affinity binding of pYXXM motifs 

over the nSH2 and the nSH2 binds more tightly in p110 (Burke and Williams, 2013; 

Klippel et al., 1992). Taken together, these data further identify the role of the cSH2-

pYXXM binding as a type of template, acting to localise PI3K to activated receptors and 

to the membrane. HDX-MS of the cSH2 FLVR mutant showed reduced changes associated 
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with PDGFR pY binding and activation compared to WT, even at a high concentration. 

The E601* cSH2 truncation showed a complete lack of changes associated with pYXXM 

binding, even in the nSH2. This indicates that without the cSH2 domain, access to the 

nSH2 might be limited as the nSH2 can still bind one of the PDGFR pYXXM motifs 

(pY740) with high affinity (Panayotou et al., 1993).  

5.3  Therapeutic Potential of Class IA PI3Ks 

The role of class IA PI3Ks in a variety of devastating human diseases make them 

prime targets for drug design. Indeed, many attempts have been made to develop 

compounds that target class IA PI3Ks, and the focus has been shifted towards the promise 

of isoform specific inhibitors to reduce the intense side effects that have come to be 

associated with PI3K inhibitors.  

Many of the APDS1 and APDS2 mutants in p110/p85 led to conformational 

changes in the active site of the enzyme. APDS1/2 treatment strategies have previously 

used Rapamycin, an mTOR inhibitor, to target the overactive PI3K/AKT/mTOR signalling 

pathway and recent studies have been initiated on the use of oral and inhaled p110 specific 

inhibitors (Khindri et al., 2018; Rao et al., 2017). Reports of the severe side effects caused 

by idelalisib make it a less desirable therapeutic however more recent p110δ specific 

inhibitor have shown more promising safety profiles with no reports of severe side effects 

(Ino et al., 2019; Rao et al., 2017; Wilson et al., 2018). Identification of conformation 

specific inhibitors that target mutant proteins like those of BRAF kinase mutant V600E 

(Flaherty et al., 2010; Tsai et al., 2008) is unlikely for APDS as it is relatively rare and 

mutations appear more disperse than in oncogenic p110α mutations where H1047R occurs 

at much higher frequency over any other mutation. It was previously unknown whether 

p110δ inhibitors could target APDS2 mutations. We showed that the potent and specific 

p110δ inhibitor Idelalisib was as effective at targeting all APDS1 and APDS2 mutants with 

similar IC50 values as the WT enzyme for the APDS2 mutant and ~4 Fold higher IC50s for 

APDS1 mutants. The differences in IC50 values could be due to conformational changes in 

the active site that were too small to meet our significance threshold in the HDX-MS 

experiments but still effectively modify how Idelalisib binds. Regardless, these data are 
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promising for development of further p110δ specific inhibitors. These data pave the way 

to more effectively address therapeutic options for all APDS patients, and could lead to 

novel therapeutic options for patients with APDS2. 

5.4  Future Explorations 

Class IA PI3Ks are heterodimers composed of the p110 catalytic isoforms in 

complex with the p85-like regulatory subunits. The work in this thesis has elucidated novel 

mechanisms of class IA PI3K regulation in the context of p110δ and p110α catalytic 

isoforms in complex with the regulatory subunit p85α. The existence of five total p85-like 

regulatory subunits and three p110 catalytic isoforms leads to the possibility of seventeen 

different heterodimer complex combinations. Each catalytic isoform is also activated 

downstream of different activating stimuli, including phosphorylated receptors (RTKs) and 

their adaptors, small GTPases, and heterotrimeric GPCRs. Characterising class IA PI3K 

subunit interactions and how upstream proteins interact with class IA PI3Ks to activate 

their activity will lead to a more comprehensive understanding of the complex nature of 

class IA PI3K regulation and could pave the way for better understanding class IA PI3K 

driven disease.  

Recent work has shown preferential binding of catalytic isoforms with p85-like 

subunits. The p110δ isoform preferentially binds to p85α, whereas p110α and p110β 

showed no preference for either p85α or p85β (Tsolakos et al., 2018). This could explain 

the absence of p85β mutations in APDS patients, where mutations in this subunit might not 

affect p110δ activation in the cell due to a dominance of p110δ/p85α heterodimers. To 

fully understand these differences in observed heterodimer formation, the conformational 

differences associated with p110/p85 complex formation between different isoforms will 

need to be characterised. The dose of PI3K, both in levels and in output of PIP3, also 

appears to play a role in cellular consequences. Investigations of the most frequent 

oncogenic p110α activating mutation H1047R ability to lead to cellular transformation 

revealed that heterozygosity of the mutation alone was not enough to lead to transformation 

and that further mutations in p110α mutations or other members of the pathway was 

necessary (Madsen et al., 2019). This is particularly interesting as patients with APDS1/2 
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exhibit a high degree of variability in the severity of the disease, regardless of the mutation 

location (Lucas et al., 2016). The existence of patients with activating or loss of function 

mutations in p110δ also highlights the necessity of finely tuned levels of activity (Cohen 

et al., 2018; Lucas et al., 2016; Sogkas et al., 2018; Tangye et al., 2019). Thus, 

understanding how class IA PI3K levels are precisely tuned is clearly important. 

Another level of complexity to class IA PI3K regulatory mechanisms is the 

existence of free p85-like subunits. In low stimulation or unstimulated cellular conditions, 

there was an enrichment of p85 monomers at PDGFRs (Tsolakos et al., 2018). Free p85 

has also been postulated to down regulate insulin signalling through sequestration of IRS-

1 and ablation of p85α leads to hypoglycemia and increased sensitivity to insulin (Luo et 

al., 2005; Thorpe et al., 2017). Stoichiometry of free p85 to p110/p85 heterodimers have 

also been shown to differ depending on cell type, with some cell types showing a 2:1 ratio 

of free p85 to heterodimer (Cheung et al., 2011; Geering et al., 2007) and homodimers of 

p85 potentially regulate PTEN activity (Cheung et al., 2015; LoPiccolo et al., 2015). 

Understanding of how free p85-like subunits form homodimers, or interactions with 

membrane receptors, and how these functions can mediate class IA PI3K regulation will 

also further clarify the complex regulation of class IA PI3K signalling. 

5.5  Conclusion 

The class IA PI3Ks mediate many cellular processes involved in cell growth and 

proliferation, and perturbation of class IA PI3K regulation can lead to devastating human 

diseases. Understanding the natural regulation of these enzymes thus has huge implications 

in basic cell biology and the identification of novel therapeutics. This thesis has defined 

the molecular mechanisms of activating mutations in PIK3CD and PIK3R1. which has led 

to the identification of novel isoform specific regulatory mechanisms of class IA PI3Ks. 

This information is imperative to creating a fully comprehensive understanding of class IA 

PI3K biology, and in the design of novel therapeutic strategies to treat patients with cancer, 

APDS, diabetes, or overgrowth syndromes. 
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Appendix A 

 

This appendix contains additional figures and tables in support of the results 

discussed in the main body of this thesis. 

 

A.1 Supplementary Figures 
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Figure 39: All HDX p110δ and p85 peptide data for experiments examining 

conformational changes in APDS1 N-terminal mutations under the basal state. 

The charge state (Z), residue start (S), residue end number (E), and retention time (RT) are 

displayed for every peptide. Three time-points are labelled (3, 30, 300), and the relative 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD
12 18 2 4.1 65.0 0.9 66.6 0.6 66.9 0.4 66.6 0.7 66.3 0.9 66.9 0.9 66.6 0.8 66.9 1.4 66.6 0.6
12 19 2 4.1 64.9 0.9 66.1 0.3 66.3 1.3 67.4 0.6 65.8 0.2 67.6 0.7 66.4 0.8 66.8 0.9 66.6 0.6
24 31 2 12.4 3.4 0.3 13.7 0.3 22.6 0.3 3.3 0.1 14.1 0.1 26.0 0.6 4.2 0.2 16.6 0.1 24.6 0.1
32 42 2 9.5 23.6 0.2 32.9 0.5 34.0 0.2 24.6 0.9 32.4 0.4 34.0 0.7 22.8 0.6 32.5 0.5 33.7 0.1
35 42 2 5.2 34.3 1.1 47.3 0.8 48.8 0.6 35.9 1.2 46.9 1.2 50.3 0.8 33.9 0.6 47.7 0.3 49.4 0.1
43 59 4 11.6 5.4 0.2 11.3 0.1 19.9 0.3 5.5 0.4 11.4 0.2 19.8 0.4 5.1 0.1 12.0 0.1 21.7 0.3
43 67 4 12.1 15.3 0.3 24.8 0.3 32.1 0.3 15.7 0.7 24.6 0.1 31.9 0.4 15.0 0.1 24.7 0.5 32.8 0.3
48 59 3 11.8 8.7 0.4 17.8 0.3 28.9 0.3 8.7 0.5 17.9 0.3 28.2 0.5 8.3 0.2 18.7 0.3 30.5 0.3
60 67 2 6.2 38.5 0.7 54.0 0.6 63.0 0.6 40.2 1.1 54.8 0.6 63.6 0.6 39.4 0.5 54.2 0.5 63.1 0.4
71 82 1 8.1 17.6 0.6 28.6 0.2 39.5 0.5 ## ## ## ## ## ## 16.7 0.4 30.8 0.4 51.0 1.1
71 82 2 8.1 17.7 0.6 27.9 0.5 38.7 0.2 ## ## ## ## ## ## 16.7 0.3 30.2 0.5 49.8 0.3
71 96 3 12.5 22.2 0.5 36.7 0.1 49.8 0.3 25.0 0.6 37.3 0.4 53.3 0.7 20.5 0.1 38.1 0.4 57.6 0.3
83 96 3 11.1 9.9 0.2 23.7 0.2 40.0 0.5 ## ## ## ## ## ## 9.6 0.3 25.8 0.6 45.4 0.9

102 116 4 6.1 54.2 0.5 59.5 0.4 59.6 1.2 58.2 0.6 58.7 0.1 59.9 0.9 55.6 1.0 60.0 0.5 59.4 0.7
102 120 3 10.3 36.0 1.0 40.6 0.4 44.9 0.3 41.9 0.8 46.9 0.8 53.7 1.6 37.4 1.2 42.1 0.7 48.9 0.7
120 127 3 5.6 12.5 1.0 29.5 0.8 45.4 1.9 16.6 1.0 37.3 1.9 47.2 0.3 12.8 0.3 27.6 0.7 41.4 0.9
121 127 2 4.2 12.6 0.8 31.3 0.2 47.9 1.0 17.2 1.3 41.2 0.8 48.5 0.9 13.8 0.1 29.7 0.8 41.5 0.3
121 131 3 9.6 14.0 0.3 27.5 0.5 30.1 0.3 16.6 0.6 28.4 0.4 29.7 0.2 11.2 0.4 26.3 0.3 29.4 0.7
132 138 1 4.8 7.1 1.0 15.7 0.9 40.8 1.6 7.6 1.2 18.3 0.7 44.3 1.0 6.1 0.8 17.8 0.2 43.4 1.6
132 139 1 9.3 4.8 0.3 11.4 0.2 30.6 0.8 5.4 0.6 13.2 0.3 31.6 1.0 4.5 0.7 13.1 0.7 31.2 0.4
139 145 2 7.3 4.4 0.1 17.7 0.2 38.4 0.7 4.9 0.3 18.5 1.1 40.4 0.5 4.1 0.1 19.3 0.4 41.3 0.4
150 162 3 11.1 18.4 0.4 37.2 0.2 56.7 0.2 18.0 0.5 38.1 0.5 56.7 0.4 17.1 0.2 38.2 0.5 56.9 0.2
163 190 3 12.9 47.7 0.0 58.7 0.1 65.3 0.1 47.3 0.5 57.8 0.3 64.4 0.3 46.9 0.5 57.8 0.4 64.8 0.1
168 191 3 12.2 55.2 0.3 65.4 0.2 70.3 0.1 54.5 0.6 64.2 0.7 69.1 0.3 54.0 0.7 64.5 0.4 69.6 0.2
183 191 3 9.3 53.5 0.8 73.1 0.5 80.8 0.4 52.7 0.3 73.2 0.5 79.8 0.6 52.2 0.7 74.1 0.6 79.1 1.0
192 200 1 6.9 29.7 0.5 38.3 0.4 45.2 0.9 29.8 0.4 38.2 0.8 46.5 1.0 29.4 0.3 38.5 0.9 46.3 0.5
203 216 3 12.4 16.8 0.4 30.7 0.1 34.3 0.4 16.5 0.7 30.4 0.2 34.1 0.9 15.6 0.2 30.6 0.2 34.0 0.2
205 216 2 11.1 11.7 0.6 28.2 0.1 32.2 0.3 11.4 0.8 28.1 0.6 32.4 0.9 10.0 0.3 28.1 0.7 32.8 0.4
206 216 2 9.4 15.0 0.6 34.0 0.2 39.1 0.2 14.6 0.8 33.6 0.2 39.3 0.7 13.3 0.2 33.9 0.4 39.2 0.3
221 238 4 7.0 48.6 0.4 57.0 0.1 62.5 0.5 49.1 0.6 56.8 0.7 62.6 0.5 47.9 0.5 57.4 0.2 62.3 0.3
222 238 4 6.8 52.6 0.3 60.7 0.6 66.0 0.4 52.6 0.7 60.0 0.5 65.8 0.5 51.6 0.2 61.1 0.1 65.7 0.2
239 250 3 9.0 4.6 0.1 5.0 0.1 7.3 0.2 5.1 0.3 5.0 0.2 7.4 0.4 4.5 0.1 5.0 0.1 7.3 0.0
251 258 1 9.5 11.1 0.3 12.0 0.5 12.3 0.1 11.7 0.3 11.3 0.6 12.0 0.8 11.9 1.6 11.5 0.4 11.8 0.4
251 259 2 12.8 5.8 0.1 6.0 0.1 6.3 0.2 6.0 0.5 5.5 0.3 6.2 0.6 5.5 0.3 5.6 0.3 5.9 0.0
265 274 3 7.8 13.5 0.3 17.4 0.2 22.7 0.3 14.1 0.4 17.2 0.5 23.0 0.5 13.8 0.2 17.6 0.1 22.7 0.1
267 283 4 9.2 4.1 0.1 4.9 0.1 7.3 0.4 4.5 0.2 4.8 0.2 7.7 0.7 4.1 0.1 4.9 0.0 7.4 0.2
284 313 5 4.8 65.7 0.7 67.6 0.2 69.2 0.4 66.6 0.7 67.2 0.7 69.2 0.4 66.3 0.6 67.7 0.4 68.9 0.3
284 316 5 6.1 60.8 0.6 62.3 0.4 63.3 0.5 61.3 0.5 61.8 0.5 63.1 0.3 61.2 0.7 62.3 0.5 62.8 0.3
317 327 2 13.8 10.2 0.1 15.7 0.1 21.9 0.1 10.0 0.3 15.2 0.3 22.0 0.3 9.8 0.1 15.7 0.2 21.9 0.1
328 337 2 4.1 18.0 0.8 35.7 0.4 44.8 0.6 18.8 1.2 36.7 0.7 45.7 0.4 17.7 0.4 38.5 0.2 45.2 0.1
328 341 4 6.8 14.0 0.0 22.8 0.2 29.8 0.4 14.4 0.4 23.2 0.4 30.6 0.7 13.7 0.2 24.4 0.1 29.6 0.6
342 353 2 9.7 8.2 0.2 13.6 0.2 16.6 0.4 8.1 0.7 13.1 0.2 16.3 0.2 7.8 0.2 13.3 0.0 16.5 0.3
355 362 2 3.4 30.6 0.8 46.0 0.5 49.4 0.3 30.1 1.5 46.2 0.8 49.7 0.4 29.0 0.3 46.6 0.5 48.9 0.6
366 377 3 11.2 15.5 0.2 23.1 0.1 34.9 0.3 15.1 0.4 22.9 0.1 35.0 0.1 14.8 0.3 23.4 0.3 36.8 0.2
378 384 2 12.5 1.0 0.3 1.2 0.0 3.1 0.2 1.1 0.4 1.2 0.2 3.1 0.2 1.1 0.1 1.1 0.0 3.2 0.2
395 423 5 8.4 12.3 0.2 15.1 0.3 16.1 0.3 12.7 0.2 14.5 0.7 16.0 0.5 11.8 0.3 14.9 0.3 15.8 0.3
426 439 4 9.1 16.9 0.1 25.1 0.5 31.3 0.5 16.8 0.4 24.5 0.5 31.7 0.5 15.9 0.3 24.8 0.3 31.6 0.2
439 452 2 12.4 33.4 0.1 36.2 0.2 40.4 0.4 32.9 0.3 35.4 0.3 39.6 0.7 32.6 0.3 34.7 0.4 39.5 0.3
440 452 2 11.6 38.6 0.1 41.8 0.2 46.8 0.2 40.4 0.4 44.6 0.4 50.7 2.9 37.9 0.5 40.1 0.4 46.3 0.1
440 468 3 10.9 31.4 0.3 42.2 0.1 52.1 0.6 31.1 0.6 41.9 0.4 51.6 0.7 29.8 0.4 40.6 0.3 51.4 0.2
453 468 2 5.5 41.3 0.8 57.3 0.2 70.7 0.1 41.3 1.0 57.9 0.3 71.3 0.3 39.4 0.3 56.8 0.2 70.5 0.7
473 485 2 10.9 26.3 0.4 36.8 1.4 51.9 0.7 25.8 1.5 35.1 0.5 51.8 1.3 25.1 1.2 36.6 0.4 53.9 1.3
476 485 2 8.5 23.3 0.7 35.3 0.1 56.9 0.8 22.9 0.8 34.9 0.2 57.3 0.9 21.7 0.2 35.3 0.4 57.7 0.2
476 488 2 10.5 29.1 0.6 41.4 0.1 58.7 0.2 28.7 0.6 41.1 0.1 58.7 0.4 27.9 0.2 41.1 0.3 58.8 0.1
501 508 2 4.3 36.0 0.8 46.7 1.0 65.2 0.3 34.8 0.7 47.7 1.2 66.1 0.4 34.2 0.3 48.4 0.4 65.7 0.4
515 522 2 4.2 53.7 1.5 54.8 0.4 54.6 1.0 54.7 0.8 53.5 1.5 55.3 0.9 55.0 0.7 54.8 0.8 54.2 0.2
516 523 2 4.1 53.7 1.5 54.5 0.3 54.6 1.0 54.9 0.6 53.7 1.7 55.5 0.7 55.2 0.5 54.9 0.8 54.5 0.4
524 546 5 11.4 2.5 0.1 5.3 0.1 7.7 0.3 2.5 0.3 5.2 0.0 7.7 0.5 2.2 0.1 5.0 0.2 7.7 0.2
550 564 4 8.4 1.1 0.1 4.0 0.1 5.6 0.1 1.2 0.1 3.7 0.1 5.7 0.3 1.0 0.1 4.0 0.0 5.5 0.1
568 574 2 13.2 11.1 0.4 27.1 0.3 45.7 1.1 10.0 0.9 26.2 0.8 45.5 1.1 9.9 0.5 26.6 0.1 46.5 0.5
568 577 2 14.2 22.4 1.1 40.9 1.3 56.9 0.3 21.3 1.0 40.2 0.8 57.1 1.3 20.3 0.3 41.1 0.8 57.4 1.1
583 587 1 13.0 17.3 0.3 34.3 0.8 51.1 0.3 16.5 1.0 33.6 1.1 50.3 0.5 16.1 0.8 36.2 0.3 51.3 0.3
583 595 2 13.2 8.3 0.1 18.5 0.2 33.5 0.4 8.3 0.5 17.2 0.5 32.7 0.4 7.4 0.2 17.0 0.3 31.5 0.1
585 595 2 12.3 5.0 0.2 12.2 0.2 27.5 0.3 5.0 0.6 11.1 0.8 26.9 0.4 4.1 0.1 10.0 0.1 25.1 0.0
596 608 2 8.4 8.0 0.0 13.0 0.5 19.4 0.2 8.4 0.4 13.0 0.1 19.5 0.9 8.1 0.5 12.9 0.3 19.2 0.6
616 625 2 11.0 15.3 0.4 23.8 0.1 32.3 0.1 14.7 0.6 23.6 0.2 32.4 0.4 14.6 0.3 24.1 0.2 33.4 0.2
628 634 2 11.3 2.9 0.7 2.5 0.2 2.4 0.7 3.1 0.2 2.6 0.4 3.4 0.6 3.0 0.6 2.6 0.4 2.8 0.7
630 634 2 10.4 0.8 1.3 0.2 0.7 1.0 0.5 0.2 0.4 -0.2 0.4 0.9 0.8 1.2 0.1 0.3 0.9 1.3 0.5
633 647 4 9.1 1.3 0.0 2.6 0.1 3.3 0.1 1.4 0.2 2.6 0.1 3.6 0.3 1.2 0.1 2.6 0.0 3.5 0.1
635 646 4 6.3 2.5 0.1 5.9 0.3 7.7 0.7 2.8 0.5 6.0 0.2 8.4 0.3 2.5 0.5 6.2 0.4 8.0 0.3
647 651 2 12.5 1.0 0.1 1.2 0.1 0.9 0.2 1.2 0.1 1.2 0.1 1.6 0.2 0.9 0.2 1.1 0.0 1.2 0.1
648 655 3 10.0 1.3 0.2 1.0 0.3 1.6 0.4 1.5 0.2 1.6 0.4 1.6 0.2 1.3 0.2 1.4 0.5 1.5 0.1
671 683 4 6.0 3.8 0.2 7.1 0.0 12.3 0.3 4.1 0.3 7.6 0.5 12.7 0.4 3.4 0.1 7.7 0.3 12.3 0.1
698 713 5 4.9 31.3 0.9 45.4 0.2 51.6 0.5 31.0 0.9 44.8 0.9 51.7 0.8 30.0 0.4 45.7 0.4 51.2 0.3
698 715 4 6.8 23.0 0.3 33.2 0.0 40.8 0.5 23.1 0.4 33.0 0.6 41.1 0.4 22.4 0.1 33.8 0.3 40.7 0.2
714 719 2 10.7 1.5 0.2 2.1 0.2 4.0 0.2 2.0 0.3 2.2 0.2 4.5 0.4 2.1 0.5 2.4 0.4 4.9 0.2
726 740 2 10.6 4.4 0.3 16.5 0.3 23.8 0.2 4.5 0.4 16.8 0.2 23.9 0.5 3.9 0.2 16.9 0.1 24.0 0.2
726 741 2 12.0 4.1 0.1 15.4 0.5 22.4 0.5 4.0 0.4 15.7 0.4 22.6 0.8 3.7 0.1 15.7 0.1 22.5 0.3
728 740 2 10.2 5.5 0.1 20.2 0.0 29.2 0.1 5.7 0.6 20.6 0.1 29.4 0.5 4.7 0.1 20.7 0.1 29.4 0.1
741 745 1 6.7 2.1 0.1 4.7 0.3 24.3 0.5 2.4 0.1 4.6 0.0 25.4 1.3 2.2 0.5 5.0 0.5 26.1 0.4
746 751 1 8.9 4.2 0.3 17.5 0.1 33.9 0.2 4.5 0.5 17.4 0.0 34.2 0.7 3.6 0.3 17.7 0.0 34.5 0.2
753 762 3 12.3 12.0 0.1 12.9 0.2 18.7 0.4 11.7 0.3 12.7 0.4 18.7 0.5 11.7 0.2 12.8 0.2 19.2 0.1
761 766 1 6.8 35.5 0.5 43.8 0.5 51.0 0.2 35.8 0.4 45.2 1.7 51.5 0.6 35.7 0.7 44.7 0.5 51.1 0.3
767 775 1 3.5 42.9 0.7 44.5 0.1 50.0 0.5 43.2 0.8 43.2 1.3 50.7 1.2 43.2 0.6 44.8 0.9 50.2 0.4
776 784 2 9.3 16.4 0.3 21.0 0.1 27.1 0.2 16.2 0.4 20.3 0.3 26.3 0.5 16.2 0.2 20.9 0.2 26.5 0.1
776 788 3 9.2 14.0 0.1 25.7 1.4 31.7 2.0 13.9 0.9 25.5 0.1 32.8 0.5 13.3 0.5 26.1 0.7 32.8 0.3
801 807 2 7.0 3.9 0.2 14.6 0.1 25.2 0.4 4.2 0.6 14.7 0.4 25.4 0.7 3.5 0.2 15.0 0.3 25.0 0.1
808 826 3 10.8 4.5 0.1 5.4 0.1 9.8 0.2 4.7 0.4 5.3 0.1 9.9 0.2 4.4 0.0 5.4 0.1 10.0 0.1
809 824 3 9.6 6.7 0.1 7.9 0.1 13.5 0.1 6.8 0.6 7.6 0.1 13.5 0.3 6.4 0.0 7.8 0.2 13.7 0.1
827 836 2 6.4 19.5 0.5 28.1 0.5 35.2 0.3 19.2 0.7 27.8 0.3 35.8 0.6 18.7 0.3 28.6 0.3 35.6 0.2
840 849 2 4.1 72.3 0.6 73.9 0.3 73.1 1.1 74.0 0.5 72.9 0.1 74.0 0.9 73.0 0.5 73.2 0.9 73.3 0.8
845 850 1 7.8 84.7 0.2 85.1 0.8 84.9 0.9 85.1 0.7 84.4 0.8 85.1 0.3 85.0 0.6 84.8 1.3 85.3 0.2
850 856 2 9.4 43.7 1.0 54.8 0.5 61.3 0.6 42.9 1.0 54.3 0.6 61.1 0.7 40.9 0.8 54.2 0.2 61.6 0.3
851 856 2 7.5 35.5 1.3 48.8 0.2 56.8 0.7 34.2 1.3 48.6 0.9 57.0 0.4 32.4 0.3 49.3 0.3 57.6 0.1
882 886 1 6.3 1.4 0.2 1.8 0.4 1.5 0.3 1.7 0.4 2.1 0.6 2.1 0.3 1.7 0.7 1.7 0.5 1.7 0.3
887 898 3 7.8 5.0 0.5 11.3 0.3 12.3 2.6 5.2 0.1 11.3 0.3 13.9 0.2 5.1 0.8 8.7 4.7 13.8 0.3
887 900 2 9.9 2.5 0.0 6.5 0.1 8.3 0.1 2.5 0.1 6.3 0.1 8.3 0.3 2.3 0.1 6.4 0.1 8.3 0.1
908 912 2 11.4 1.2 0.3 3.4 0.4 13.4 0.3 1.2 0.4 3.1 0.2 13.7 0.3 1.8 0.5 3.6 0.5 15.0 0.4
908 919 3 13.6 18.9 0.3 35.7 0.3 39.1 0.4 18.2 0.8 35.3 0.3 38.6 0.5 17.4 0.4 35.0 0.7 39.0 0.1
909 919 3 12.8 20.0 0.7 38.3 0.4 42.0 0.8 19.0 0.7 37.9 0.8 41.3 0.7 18.5 0.3 37.5 0.6 42.0 0.4
939 958 5 6.1 16.3 0.3 22.8 0.2 27.1 0.5 16.6 0.6 22.2 0.9 27.1 0.8 16.0 0.3 23.2 0.1 26.8 0.2
964 973 3 8.4 7.1 0.1 9.8 0.2 15.1 0.2 6.9 0.2 9.7 0.2 15.1 0.4 6.6 0.1 10.1 0.1 15.6 0.2
964 974 4 10.4 6.5 0.2 9.2 0.4 14.3 0.3 6.3 0.2 9.1 0.3 14.2 0.4 6.0 0.2 9.0 0.1 14.4 0.6
978 989 2 12.4 15.6 0.7 45.0 0.3 58.6 0.4 14.7 0.9 45.4 0.6 57.8 0.2 15.1 0.2 48.0 0.3 58.0 0.3
982 989 2 9.4 22.7 1.0 59.9 0.8 78.2 0.1 21.8 1.2 61.5 0.7 77.9 0.4 22.9 0.4 66.2 0.7 78.2 0.3

1003 1009 2 3.9 57.3 1.7 69.2 0.1 72.7 1.3 58.5 0.7 68.3 1.4 72.8 1.2 57.3 0.7 69.3 1.0 71.6 0.2
1010 1019 3 7.9 1.0 0.2 1.9 0.1 8.1 0.3 1.2 0.2 2.3 0.1 8.4 0.2 1.0 0.1 2.2 0.1 8.2 0.1
1023 1033 4 8.8 36.1 0.7 51.8 0.3 53.2 0.5 35.1 1.0 51.6 1.1 52.5 0.8 32.3 0.6 51.8 0.7 52.5 0.1
1024 1033 4 8.3 38.9 0.6 57.2 0.5 57.6 0.2 37.8 1.4 56.6 0.2 57.3 0.7 34.5 0.3 57.0 0.5 57.0 0.5
1024 1044 5 8.1 39.6 0.5 50.2 0.2 51.4 0.2 39.6 0.7 49.6 0.9 50.5 0.8 37.5 0.9 50.5 0.7 50.6 0.4
1034 1044 3 3.2 49.8 1.6 51.4 0.1 51.9 0.5 50.7 1.3 50.8 1.2 51.9 0.8 51.0 0.5 51.6 0.8 50.8 0.7
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level of HDX is coloured on a blue-to-red continuum. Data listed are the average of 3 

independent experiments, with SDs presented. ##No coverage for the specific peptide. 

 

 
Figure A1.1 cont.: All HDX p110δ and p85 peptide data for experiments 

examining conformational changes in APDS1 N-terminal mutations under the basal 

state. 

 

 

 

 

 

 

 

 

 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD
8 13 2 7.6 4.4 0.2 5.3 0.0 13.8 0.6 4.3 0.7 5.7 0.2 14.3 0.3 3.8 0.4 5.9 0.1 14.4 0.2
14 21 3 2.9 23.6 2.0 32.5 1.4 30.2 4.3 25.6 1.8 32.7 2.2 32.8 0.6 25.2 1.3 33.3 1.8 30.5 3.4
22 30 2 12.6 2.5 0.1 6.8 0.2 12.0 0.3 2.4 0.5 6.8 0.2 11.5 0.1 2.2 0.2 6.8 0.4 11.8 0.2
25 37 3 9.8 25.9 0.2 26.6 0.3 26.8 0.5 26.0 0.1 26.0 0.6 26.2 0.2 25.7 0.6 26.6 0.3 26.2 0.2
38 52 2 8.5 39.2 0.4 58.0 0.3 60.9 0.7 38.7 1.4 57.0 0.3 59.5 0.3 37.7 1.0 57.6 0.1 59.8 0.3
53 60 1 11.9 10.3 0.3 21.8 0.1 25.0 0.1 10.2 0.7 21.8 0.1 24.9 0.1 9.4 0.5 21.8 0.2 24.9 0.0
53 73 3 11.9 7.0 0.2 15.5 0.1 21.0 0.3 6.7 0.6 15.2 0.2 20.5 0.2 6.1 0.3 15.4 0.1 20.8 0.1
59 72 2 7.7 8.0 0.3 17.0 0.3 24.5 0.3 7.8 1.0 16.9 0.2 24.2 0.0 7.3 0.3 17.5 0.2 24.7 0.2
73 106 5 6.5 52.1 0.3 56.3 0.5 57.0 0.4 52.3 0.8 55.2 0.9 56.7 0.4 52.0 0.7 56.2 0.1 56.4 0.3
74 107 5 6.0 53.9 0.6 57.4 0.6 58.2 0.5 54.0 0.4 56.4 0.5 57.8 0.2 54.2 0.7 57.5 0.4 57.4 0.3
77 107 5 5.2 60.1 0.7 60.7 0.1 61.3 0.6 60.8 1.0 60.6 0.4 61.0 0.6 60.6 0.9 60.9 0.2 60.6 0.2
113 118 1 11.7 25.7 0.8 60.2 0.4 72.9 0.4 26.6 1.4 60.2 0.2 72.1 0.3 22.8 0.2 60.5 0.7 72.7 0.0
119 132 2 12.6 12.6 0.5 24.3 0.2 33.0 0.1 13.4 0.6 24.5 0.1 34.0 1.1 11.4 0.2 24.5 0.2 33.4 0.2
139 146 3 4.8 15.4 1.0 38.1 0.3 57.0 0.8 15.4 0.2 34.2 2.3 57.1 1.5 13.7 0.3 37.6 0.7 55.8 0.9
149 158 2 6.3 55.1 0.6 57.9 0.3 63.6 0.6 55.8 0.2 56.9 0.6 63.4 0.6 55.5 0.9 57.8 0.5 63.3 0.5
150 157 2 3.1 67.3 2.4 68.1 0.7 69.3 1.8 68.3 1.1 67.8 1.5 68.4 1.4 69.4 0.8 68.7 1.6 68.3 1.1
168 173 1 4.7 77.7 0.6 77.9 1.1 77.8 0.3 77.4 0.3 77.6 0.7 78.5 0.4 78.2 0.2 78.3 0.6 78.2 0.1
177 185 2 9.3 10.4 0.2 11.6 0.3 13.2 0.3 10.6 0.3 11.7 0.5 14.7 1.1 10.1 0.2 11.9 0.1 13.7 0.1
177 186 2 11.9 8.7 0.2 10.0 0.0 11.9 0.2 8.5 0.3 9.9 0.3 12.6 0.8 8.2 0.1 10.1 0.1 12.0 0.1
186 202 3 11.9 11.7 0.2 12.9 0.2 15.1 0.1 12.1 0.4 13.1 0.2 15.7 0.6 11.3 0.4 13.0 0.1 15.4 0.1
186 203 3 12.3 10.9 0.3 12.2 0.1 14.9 0.1 11.5 0.3 12.3 0.3 15.5 0.6 10.4 0.1 12.3 0.1 15.2 0.1
191 202 2 11.4 18.2 0.2 19.7 0.3 23.1 0.2 19.0 1.1 20.3 0.2 24.0 1.1 17.4 0.2 20.0 0.1 23.6 0.2
207 218 1 8.6 56.2 0.4 71.1 0.3 70.7 0.5 55.8 1.6 69.3 0.7 69.6 0.3 54.7 1.3 69.9 0.2 70.0 0.1
223 237 3 8.7 7.1 0.1 8.2 0.1 15.2 0.3 7.5 0.1 8.1 0.2 16.0 0.9 7.0 0.2 8.2 0.1 15.5 0.3
238 261 4 13.5 10.4 0.2 14.3 0.1 18.2 0.3 10.7 0.1 14.2 0.2 18.5 0.6 10.1 0.1 13.9 0.4 18.3 0.1
242 261 3 10.3 13.0 0.1 17.7 0.1 22.5 0.2 13.2 0.2 17.4 0.2 22.9 0.7 12.4 0.3 17.6 0.1 22.6 0.2
262 266 1 4.5 2.0 0.1 2.2 0.5 2.3 0.7 2.9 0.4 2.3 0.8 4.0 1.6 1.8 0.3 2.1 0.6 2.9 0.4
262 268 2 11.1 2.8 0.5 2.3 0.3 2.1 0.7 2.8 0.1 2.4 0.2 3.3 0.3 2.7 0.6 2.3 0.6 2.3 0.5
262 272 2 13.0 1.2 0.1 2.2 0.1 7.8 0.1 1.9 0.0 2.6 0.1 8.9 0.7 1.3 0.1 2.5 0.2 8.4 0.2
267 272 1 12.4 1.7 0.4 4.8 0.6 20.5 0.4 3.1 0.5 5.3 0.2 23.0 1.7 1.6 0.5 5.3 0.5 21.2 0.4
273 286 2 9.4 43.1 0.4 49.9 0.4 54.8 0.2 43.0 0.5 49.0 0.3 53.6 0.4 42.4 1.1 49.0 0.3 53.9 0.3
287 291 2 6.3 0.9 0.5 1.1 0.3 0.9 0.4 1.5 0.6 1.1 0.2 2.9 1.3 1.0 0.3 0.8 0.3 1.2 0.1
294 325 4 7.8 72.0 0.3 73.3 0.3 73.6 0.2 71.9 0.4 72.4 0.2 72.6 0.4 72.0 0.6 72.7 0.3 73.0 0.2
294 326 4 8.2 71.8 0.2 72.7 0.1 72.9 0.3 71.2 0.7 71.7 0.4 72.0 0.5 71.4 0.7 72.1 0.4 72.3 0.3
299 326 4 6.9 76.7 0.6 76.9 0.5 77.5 0.3 77.4 0.3 76.8 0.4 76.8 0.7 77.3 1.2 77.1 0.2 77.2 0.2
327 332 1 5.0 2.9 0.5 3.3 0.4 7.4 1.2 2.9 0.6 3.5 0.4 7.3 0.4 3.0 0.2 3.5 0.4 7.3 0.5
333 341 2 12.0 30.6 0.5 47.5 0.4 53.4 0.4 29.8 0.5 46.7 0.3 53.0 0.2 28.9 0.2 47.0 0.7 53.3 0.5
334 341 2 9.3 36.9 0.5 55.0 0.3 62.4 0.4 36.5 0.6 54.1 0.2 61.2 0.7 35.1 0.7 54.7 0.5 61.4 0.6
342 355 3 7.9 16.7 0.2 23.2 0.2 36.6 0.6 16.8 0.3 23.2 0.5 37.3 0.4 16.5 0.1 24.0 0.5 37.8 0.4
346 355 3 6.5 16.2 0.2 18.9 0.3 28.6 0.4 16.3 0.5 19.0 0.7 29.0 1.3 16.4 0.3 19.5 0.3 28.9 0.6
356 371 4 7.0 19.7 0.4 24.5 0.2 25.5 0.6 19.7 0.2 24.2 1.0 25.6 0.8 19.4 0.2 25.1 0.5 25.4 0.5
356 372 4 9.2 16.1 0.4 20.4 0.1 21.0 0.3 16.4 0.1 20.5 0.7 21.4 0.6 15.6 0.6 20.5 0.2 21.1 0.4
373 380 2 2.9 18.2 1.1 22.0 0.1 33.3 0.4 18.9 0.8 22.4 1.1 34.8 0.9 18.4 0.3 23.0 0.6 33.8 0.4
381 398 4 10.8 18.5 0.0 23.9 0.0 26.4 0.2 18.4 0.2 23.7 0.1 26.3 0.4 17.9 0.2 23.4 0.2 26.3 0.1
381 401 4 10.9 21.8 0.1 27.5 0.2 30.3 0.1 21.5 0.4 26.9 0.3 29.5 0.3 21.1 0.3 26.9 0.3 29.8 0.2
402 413 3 8.5 22.3 0.3 25.3 0.2 25.7 0.2 21.9 0.5 25.0 0.0 25.7 0.4 21.4 0.2 25.2 0.1 25.6 0.1
405 413 3 5.8 32.1 0.7 36.5 0.3 36.9 0.4 31.9 0.9 36.2 0.3 37.2 0.7 31.0 0.4 36.7 0.2 36.8 0.3
414 420 1 6.9 78.2 0.9 83.7 0.4 83.8 0.2 77.8 0.6 83.7 0.2 83.9 0.3 77.0 0.3 83.6 0.2 83.8 0.2
414 420 2 6.9 78.1 0.7 83.2 0.3 83.6 0.5 77.7 1.0 83.0 0.5 83.9 0.4 76.7 0.3 83.6 0.4 83.6 0.1
421 435 3 9.1 36.7 0.5 47.4 0.2 50.5 0.5 36.5 0.3 46.9 0.1 50.6 0.4 35.9 0.3 47.3 0.2 50.6 0.3
421 443 4 9.5 45.7 0.7 54.0 1.1 55.6 0.5 45.2 0.5 52.6 0.4 54.6 0.3 44.4 0.5 53.1 0.3 55.0 0.4
436 443 2 5.2 57.5 0.5 65.0 1.1 64.6 1.7 57.1 0.6 64.8 1.2 65.3 2.4 56.6 1.2 65.9 0.4 65.4 0.6
444 456 2 6.8 0.9 0.2 3.3 0.4 14.7 0.5 1.2 0.3 3.7 0.5 16.2 0.8 0.9 0.2 3.8 0.4 16.6 0.5
457 466 3 5.8 1.4 0.3 2.1 0.1 6.8 0.3 1.6 0.0 2.6 0.2 7.7 0.5 1.7 0.5 2.8 0.1 9.0 0.4
467 476 2 5.5 1.6 0.2 3.1 0.2 15.1 0.5 1.6 0.1 4.2 0.2 19.2 0.4 1.7 0.3 5.7 0.3 24.2 0.5
470 476 2 3.4 3.7 0.5 6.0 0.2 21.3 0.7 3.8 0.1 7.2 0.5 26.6 0.9 4.2 0.6 9.4 0.1 30.6 0.0
477 486 3 6.2 1.1 0.3 1.4 0.1 5.0 0.3 1.0 0.0 1.7 0.1 7.3 0.4 0.9 0.4 1.4 0.3 5.1 0.3
508 520 4 4.8 39.6 1.0 50.5 0.7 51.6 0.8 39.4 1.1 49.7 1.2 51.7 0.9 39.2 0.3 51.3 1.0 50.7 0.2
538 549 4 8.1 0.9 0.2 2.0 0.1 10.7 0.3 0.8 0.0 2.0 0.2 10.7 0.2 1.0 0.1 5.8 0.2 21.9 0.3
556 570 4 7.7 1.9 0.1 4.7 0.1 10.3 0.2 1.9 0.2 5.1 0.1 12.1 1.0 1.8 0.0 6.8 0.3 18.2 0.1
556 570 5 7.7 2.3 0.7 4.7 0.2 10.3 0.3 1.5 0.4 4.9 0.2 12.4 0.7 1.0 0.2 6.8 0.2 17.7 0.5
557 570 3 7.1 2.3 0.2 5.6 0.2 11.2 0.6 2.4 0.1 6.2 0.5 13.3 0.6 2.3 0.3 8.0 0.2 18.7 0.4
571 581 4 7.0 0.2 0.3 1.3 0.3 9.7 0.3 0.2 0.2 1.6 0.3 11.2 0.4 0.3 0.3 1.5 0.3 10.5 0.3
582 596 3 7.0 25.2 1.0 47.6 0.2 52.0 0.7 25.5 0.7 47.4 0.3 51.7 0.8 23.2 0.6 48.1 0.4 51.2 0.4
610 637 4 7.4 18.1 0.3 25.8 0.2 29.1 0.3 18.0 0.6 25.3 0.5 29.0 0.3 17.4 0.5 26.0 0.2 28.8 0.3
638 646 3 4.3 14.4 0.5 15.9 0.2 21.5 0.8 14.9 0.7 15.6 0.8 22.1 0.7 14.6 0.2 16.4 0.4 21.3 0.3
647 657 3 4.9 38.5 0.6 47.8 0.3 50.8 0.3 38.8 0.6 47.4 0.8 50.9 0.5 38.5 0.3 48.2 0.4 50.4 0.2
661 680 4 7.2 20.9 0.3 28.3 0.4 33.3 0.3 20.9 0.7 27.9 0.2 33.7 0.4 20.2 0.2 28.5 0.3 33.5 0.2
661 687 4 10.4 16.4 0.2 24.5 0.0 33.9 0.2 16.1 0.4 24.1 0.3 33.6 0.4 15.7 0.2 24.2 0.1 33.9 0.2
681 687 2 10.6 23.1 0.3 33.8 0.1 52.3 1.4 24.8 0.5 34.9 0.1 52.3 2.1 24.8 4.2 34.4 0.9 52.9 1.5
694 703 3 8.3 3.6 0.2 6.7 0.1 8.9 0.2 3.6 0.3 6.6 0.1 9.1 0.4 3.3 0.1 6.8 0.1 9.0 0.2
704 710 2 4.9 19.1 0.4 31.4 0.2 33.2 0.3 19.1 0.4 31.4 0.8 33.4 0.3 18.7 0.1 32.2 0.2 33.2 0.3
704 711 2 4.0 20.8 1.2 38.8 0.1 41.0 0.4 20.8 0.9 40.8 1.0 41.3 0.3 20.0 0.4 40.0 1.4 41.5 0.2
711 719 2 11.0 2.7 0.2 4.5 0.2 13.0 0.1 2.8 0.5 4.7 0.2 13.3 0.2 2.5 0.3 4.8 0.1 13.4 0.1
711 724 3 8.5 30.7 0.0 37.5 0.0 43.4 0.2 30.8 0.1 37.2 0.2 43.5 0.4 30.4 0.2 37.6 0.1 43.4 0.2
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Figure 40: All HDX p110δ and p85  peptide data for experiments examining 

conformational changes in APDS1 mutations under basal, pY-activated, and 

membrane-bound states. 

The charge state (Z), residue start (S), residue end number (E), and retention time (RT) are 

displayed for every peptide. Three time-points are labelled (3, 30, 300 seconds), and the 

relative level of HDX is coloured on a blue-to-red continuum (% deuterium incorporation). 
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Data listed are the average of 3 independent experiments, with SDs presented. ##No 

coverage for the specific peptide. 

 
Figure A1.2 cont.: All HDX p110δ and p85 peptide data for experiments examining 

conformational changes in APDS1 mutations under basal, pY-activated, and 

membrane-bound states. 

 

 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

801 807 2 7.1 3.1 0.1 14.2 0.3 24.9 0.3 3.2 0.5 14.6 0.3 25.6 0.2 3.7 0.2 14.5 0.3 25.0 0.4 3.2 0.2 14.6 0.3 25.0 0.4 3.9 0.4 15.1 0.2 26.0 0.3 4.1 0.5 15.1 0.7 25.6 0.4

808 826 3 10.6 4.2 0.1 5.5 0.3 10.0 0.1 4.1 0.1 5.5 0.2 10.2 0.2 4.3 0.1 5.5 0.1 9.7 0.0 4.4 0.3 5.8 0.1 10.4 0.2 4.7 0.2 5.9 0.1 10.9 0.0 4.4 0.2 5.4 0.0 9.6 0.4

809 824 3 9.6 6.2 0.1 8.2 0.7 13.8 0.1 6.2 0.0 7.9 0.2 13.9 0.3 6.2 0.1 7.8 0.1 13.4 0.2 6.6 0.4 8.5 0.3 14.3 0.2 6.9 0.1 8.3 0.2 14.8 0.2 6.2 0.3 7.7 0.0 13.4 0.6

827 836 2 6.4 17.5 0.8 27.6 0.2 35.4 0.3 16.4 0.2 27.8 0.6 39.0 0.3 16.4 0.5 27.0 0.6 34.9 0.7 17.5 0.4 28.5 0.3 36.2 0.2 18.1 0.3 28.2 0.2 40.5 0.2 16.3 1.6 27.4 0.7 34.5 0.3

830 836 2 3.8 2.5 0.1 3.7 0.4 11.9 0.3 3.0 0.0 4.2 0.1 16.9 0.6 3.2 0.3 4.3 0.1 11.1 0.2 3.1 0.2 4.7 0.1 12.2 0.2 3.8 0.3 5.2 0.0 20.1 0.4 3.1 0.5 3.7 0.1 8.2 0.5

840 849 2 4.1 71.1 1.9 70.5 0.6 71.2 1.0 68.4 0.0 73.2 1.3 74.0 1.5 61.8 0.8 69.5 1.2 70.3 3.7 70.2 2.1 71.6 0.8 73.6 0.5 71.2 1.0 70.1 0.1 73.0 1.2 62.1 4.1 71.5 1.6 73.1 0.9

845 850 1 7.6 84.2 0.7 85.0 0.4 85.2 0.3 83.2 0.8 85.6 1.2 86.8 0.3 68.0 0.9 83.7 1.2 86.8 1.1 82.7 1.4 83.0 0.9 85.6 0.9 84.1 0.6 84.6 0.6 86.5 0.4 63.6 6.8 84.4 2.7 87.4 1.1

850 856 2 9.2 39.1 2.1 54.0 0.6 61.0 0.3 44.3 1.8 54.9 0.9 65.4 0.7 28.9 0.9 49.2 0.3 60.6 0.6 38.1 1.2 52.5 0.4 60.6 0.4 45.8 1.2 55.2 0.3 65.8 0.7 17.8 2.2 41.6 1.7 55.6 0.7

851 856 2 7.5 32.1 2.4 49.1 0.7 56.9 0.2 37.1 0.8 51.0 1.0 63.3 0.1 21.8 0.8 44.4 0.5 57.1 0.5 30.4 1.8 47.8 0.8 57.9 0.6 39.7 0.4 50.8 0.5 64.0 0.3 10.3 2.1 34.7 1.1 52.8 0.8

856 868 3 9.7 26.6 1.3 39.6 0.8 44.3 0.1 27.0 0.5 40.0 0.8 44.6 0.5 25.0 0.7 38.3 0.2 42.9 0.2 25.7 0.5 38.4 0.2 43.9 0.5 28.0 0.2 40.1 0.2 44.8 0.5 23.7 1.6 38.0 1.1 42.0 0.6

857 868 3 8.8 29.3 1.1 42.9 0.2 45.5 0.1 29.7 0.7 43.1 0.8 44.8 0.4 27.5 0.6 41.2 0.1 44.1 0.7 28.5 0.5 41.6 0.3 45.3 0.6 30.8 0.6 43.2 0.4 44.8 0.3 25.9 1.5 41.2 0.7 43.9 0.0

869 874 2 4.5 1.7 0.1 2.2 0.1 4.4 0.9 1.4 0.4 2.0 0.5 4.8 0.3 2.1 0.1 2.7 0.4 4.1 0.6 2.1 0.3 2.7 0.1 4.4 0.1 2.0 0.7 2.4 0.3 5.9 0.5 2.3 0.4 2.4 0.0 3.9 0.5

875 881 1 9.5 0.8 0.1 1.5 0.4 1.5 0.2 1.0 0.0 1.0 0.1 1.7 0.2 1.5 0.2 1.8 0.0 1.8 0.5 1.1 0.1 1.5 0.3 1.3 0.2 1.2 0.3 1.5 0.0 2.1 0.2 1.3 0.1 1.7 0.2 1.8 0.3

882 886 1 6.3 1.0 0.1 1.3 0.2 2.0 0.1 1.8 0.6 1.3 0.2 1.9 0.6 1.9 0.5 1.6 0.1 2.6 1.1 1.6 0.3 1.5 0.2 1.8 0.2 1.9 0.4 1.5 0.3 2.3 0.2 1.7 0.2 1.5 0.2 2.2 0.6

887 898 3 7.8 4.6 0.2 11.2 0.1 13.8 0.5 5.9 0.2 13.4 0.5 16.4 0.4 4.9 0.3 11.5 0.0 14.8 1.6 4.4 0.7 10.9 0.4 14.3 0.3 6.9 0.2 13.5 0.1 16.6 0.5 4.4 0.6 9.7 0.5 15.1 0.4

887 900 2 9.9 2.0 0.1 6.5 0.4 8.3 0.1 2.7 0.1 7.7 0.3 9.3 0.2 2.2 0.1 6.1 0.1 8.8 0.2 2.1 0.2 6.6 0.1 8.5 0.2 3.2 0.0 8.2 0.1 9.9 0.1 1.9 0.2 4.9 0.0 8.6 0.4

901 907 2 5.7 3.8 0.4 13.5 0.6 24.1 0.3 3.8 0.0 14.6 0.4 25.4 0.6 4.2 0.2 13.3 0.1 22.8 0.1 3.9 0.2 14.5 0.2 24.7 0.1 4.5 0.4 15.2 0.0 26.1 0.6 4.2 0.6 12.7 0.3 22.0 0.3

908 912 2 11.3 1.5 0.3 3.5 0.3 14.8 0.5 1.8 0.5 5.2 0.5 19.7 0.5 1.7 0.6 4.2 0.3 15.3 1.0 1.9 0.2 4.6 0.2 15.6 0.2 2.1 0.1 6.3 0.2 22.9 0.1 2.0 0.3 3.9 0.7 13.5 1.0

908 915 3 11.7 7.9 0.8 19.2 0.7 24.5 0.1 9.0 0.1 20.4 0.8 25.7 1.0 5.9 0.4 17.8 0.7 24.6 0.3 7.7 0.1 19.9 0.1 24.4 0.9 9.7 0.2 21.2 0.2 26.8 0.5 4.0 0.6 15.0 0.1 23.4 0.8

908 919 3 13.7 17.0 1.3 34.7 0.3 38.2 0.2 19.2 0.0 37.0 0.6 39.7 1.3 13.4 0.9 32.3 0.8 39.1 1.3 16.2 0.5 35.2 0.4 38.6 1.0 22.2 0.2 37.5 0.5 39.8 0.7 10.1 1.6 29.5 0.6 38.8 0.7

909 919 3 12.7 18.1 1.2 38.7 0.5 43.2 0.0 20.3 0.3 41.3 1.0 43.9 1.5 14.9 0.7 36.4 1.3 43.2 1.4 17.1 0.5 39.0 0.2 42.9 1.2 24.4 0.6 41.8 0.4 43.8 0.9 11.0 1.6 32.8 0.9 42.6 1.3

920 934 4 10.1 23.9 0.5 31.3 0.6 41.1 0.0 26.3 1.0 36.8 1.0 47.8 0.5 19.7 1.0 32.5 0.3 45.0 0.3 23.7 1.0 30.8 0.1 40.3 0.6 27.5 0.2 38.1 0.2 48.6 0.4 16.3 2.0 29.9 0.5 41.6 0.7

920 935 4 9.7 25.8 0.5 33.7 0.7 46.2 0.2 29.8 1.1 45.2 1.1 56.1 0.5 21.7 0.8 39.3 0.1 53.4 0.2 25.7 1.4 33.1 0.1 45.8 0.7 32.0 0.4 46.5 0.3 56.9 0.3 17.4 2.2 33.8 0.7 49.4 0.9

939 958 5 6.2 15.6 1.4 21.6 0.6 26.5 0.3 17.0 0.9 25.3 0.7 30.6 0.6 15.4 0.6 22.6 1.1 28.3 0.3 15.1 0.7 22.2 0.6 26.9 0.2 19.0 0.4 24.8 0.4 30.6 0.8 13.8 1.4 21.0 1.0 28.2 0.1

964 973 3 8.4 6.6 0.7 10.4 0.1 16.0 0.2 5.4 0.0 10.0 0.2 15.5 0.1 5.4 0.2 9.8 0.2 15.6 0.3 6.4 0.3 10.0 0.1 16.5 0.2 5.8 0.2 10.4 0.2 16.1 0.3 5.0 0.6 9.8 0.3 15.5 0.6

964 973 4 8.4 6.6 0.6 10.2 0.1 15.8 0.3 6.3 0.2 10.2 0.2 15.7 0.3 5.6 0.8 9.7 0.1 15.2 0.3 6.7 0.6 10.3 0.3 16.3 0.5 6.1 0.2 10.4 0.1 16.2 0.3 5.1 0.8 9.8 0.5 15.2 0.2

964 974 4 10.5 6.3 0.2 9.7 0.6 15.8 0.3 5.4 0.1 9.7 0.2 15.5 0.4 5.4 0.5 9.7 0.3 14.9 0.5 6.0 0.2 10.0 0.4 15.9 0.4 5.6 0.3 9.7 0.1 15.5 0.3 5.1 1.2 9.4 0.1 14.9 0.3

978 989 2 12.4 13.3 1.5 46.1 0.4 58.2 0.6 13.5 0.1 46.7 1.0 57.9 0.6 12.6 1.1 41.0 0.3 57.3 1.7 13.4 0.5 48.8 2.0 56.9 0.7 15.3 0.2 47.5 0.2 58.2 0.7 11.9 1.9 38.7 0.9 56.8 0.3

982 989 2 9.4 19.8 1.5 59.4 0.9 76.9 0.6 19.7 0.1 63.0 1.3 77.2 0.6 16.1 1.5 53.6 0.6 76.5 0.6 20.8 0.7 61.7 0.6 75.9 0.4 22.9 0.1 64.9 0.6 76.9 0.4 13.0 2.2 47.2 1.0 76.1 0.3

998 1002 2 6.3 1.9 1.3 7.8 1.9 17.4 2.2 2.9 1.3 6.0 0.2 20.2 1.4 2.8 0.6 5.4 1.1 15.5 0.9 3.0 1.2 8.6 1.0 18.4 0.7 3.2 0.5 6.7 0.8 22.4 1.2 2.6 1.2 4.7 1.7 12.3 0.6

1003 1009 2 4.0 55.9 1.4 66.0 0.8 69.7 2.6 53.8 0.2 67.5 0.2 73.3 1.2 54.0 3.6 65.6 0.1 72.5 1.9 54.1 0.5 66.6 0.6 70.6 0.4 56.4 0.1 67.2 0.8 72.6 1.3 53.0 3.9 62.8 1.3 73.3 0.9

1010 1019 3 7.9 0.9 0.2 2.0 0.2 8.4 0.3 0.9 0.1 2.3 0.2 11.1 0.0 0.9 0.1 1.8 0.1 8.3 0.2 0.9 0.2 2.1 0.2 8.5 0.1 0.8 0.1 2.5 0.1 12.3 0.1 0.7 0.1 1.7 0.0 7.1 0.2

1023 1033 4 8.8 38.3 2.3 58.3 0.2 58.3 0.4 57.8 1.8 58.9 1.5 58.1 0.3 39.3 0.3 56.3 0.4 58.4 0.6 36.6 0.8 56.2 0.1 58.3 0.9 58.8 1.7 58.6 0.8 57.2 0.6 24.3 3.6 55.1 1.9 58.6 0.3

1024 1033 4 8.4 37.8 2.2 59.3 0.3 59.5 0.3 56.8 2.5 58.9 0.7 59.3 0.2 37.6 0.7 56.3 0.3 59.4 0.3 34.8 1.0 57.3 1.2 58.7 1.3 58.2 1.0 58.8 0.7 58.6 0.7 21.9 3.3 54.4 1.9 59.3 0.7

1024 1044 5 8.1 38.4 1.8 50.3 0.7 50.9 0.7 47.0 1.6 50.0 1.8 50.8 0.4 32.9 0.3 48.9 1.6 50.4 0.6 35.9 2.0 47.8 0.4 51.2 0.5 48.5 1.7 49.4 1.0 49.8 1.0 24.2 3.2 46.3 3.6 51.1 1.4

1034 1044 3 3.2 50.3 0.2 49.5 1.7 49.4 1.1 48.9 0.4 51.4 1.3 51.3 1.2 43.5 2.6 51.3 1.2 50.5 1.6 48.5 0.9 50.5 0.5 50.5 0.9 50.3 0.5 49.3 0.2 51.2 1.4 41.8 2.2 49.5 0.4 51.1 0.7

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

12 18 2 4.2 65.5 0.5 66.6 0.5 66.5 0.8 66.5 1.5 67.9 0.3 67.7 1.8 67.1 1.1 67.4 2.2 67.1 2.1 66.9 1.0 67.0 1.6 66.7 1.1 66.4 0.4 66.0 0.6 68.9 0.1 66.6 0.9 68.1 2.3 67.5 1.1

12 19 2 4.1 65.6 1.2 66.6 0.6 67.1 1.4 66.0 1.5 68.2 0.6 68.2 1.7 65.7 1.0 67.5 3.6 67.6 1.7 65.9 1.8 67.3 3.2 67.3 2.0 65.7 0.3 65.0 1.0 69.3 0.9 65.3 1.2 67.4 3.7 67.7 1.3

24 31 2 12.5 2.5 0.5 14.0 0.2 23.7 0.3 2.0 0.2 13.7 0.1 23.3 0.3 2.1 0.2 13.7 0.2 23.7 0.2 2.3 0.2 14.2 0.8 24.1 0.6 2.4 0.4 13.5 0.3 23.8 0.2 2.2 0.2 13.7 0.1 25.0 0.1

32 42 2 9.5 20.2 1.2 30.6 0.0 32.6 0.7 20.1 0.2 31.2 0.5 32.9 0.5 22.2 0.1 31.6 1.2 33.9 0.2 19.6 0.4 30.4 1.1 32.5 0.9 20.6 0.9 30.9 0.5 32.5 0.7 22.3 0.2 32.0 0.8 33.9 0.4

35 42 2 5.3 29.1 1.0 44.7 0.9 47.5 0.4 29.0 0.6 46.9 1.0 48.7 1.7 32.3 0.2 46.4 2.8 49.5 1.2 29.2 0.5 46.0 1.6 47.9 1.5 29.8 1.3 44.9 0.9 49.4 0.1 32.5 0.4 47.2 3.2 49.3 1.1

43 59 4 11.6 4.2 0.3 10.2 0.0 18.8 0.2 4.4 0.1 10.6 0.0 19.8 0.3 4.1 0.1 10.1 0.2 19.2 0.2 4.2 0.1 10.0 0.3 19.1 0.4 4.8 0.3 10.6 0.3 19.7 0.2 4.0 0.1 10.0 0.1 19.2 0.1

43 67 4 12.1 13.8 0.5 23.9 0.1 32.0 0.6 13.6 0.3 24.2 0.2 32.4 0.6 13.1 0.1 23.8 1.0 32.3 0.2 13.4 0.4 23.4 0.0 31.9 0.8 14.2 0.7 24.2 0.5 32.0 0.3 12.8 0.4 23.9 0.3 32.5 0.1

48 59 3 11.8 7.7 0.7 17.8 0.1 29.1 0.3 8.0 0.2 18.3 0.3 30.2 0.1 7.4 0.2 17.4 0.3 29.7 0.9 7.6 0.2 17.8 0.2 29.5 0.3 8.7 0.4 18.5 0.1 30.3 0.2 7.5 0.6 17.4 0.2 29.7 0.5

60 67 2 6.3 36.5 1.7 53.3 0.3 64.3 1.4 36.5 0.0 54.9 0.5 64.6 0.8 36.4 0.5 54.2 2.2 63.8 1.3 36.5 0.7 55.2 0.9 63.8 1.9 38.0 1.4 54.4 0.2 65.8 0.2 36.9 0.4 54.5 2.2 64.2 0.8

71 82 1 8.1 15.8 0.9 27.1 0.8 35.9 0.2 14.9 0.4 28.0 0.1 38.4 0.3 19.3 0.7 32.4 0.1 45.4 0.7 15.6 0.7 28.1 1.4 36.1 0.4 16.5 1.4 28.2 0.1 38.2 0.3 20.6 0.2 33.4 0.3 48.3 0.3

71 82 2 8.1 15.2 1.0 26.5 0.4 36.8 0.2 15.2 0.4 28.2 0.3 39.8 1.0 18.9 0.3 32.9 1.0 47.8 0.5 15.2 0.5 27.4 0.5 37.6 0.9 16.7 1.1 28.6 0.1 38.9 0.1 20.6 0.5 34.0 0.3 49.6 0.4

71 96 3 12.5 18.4 0.8 34.5 0.2 47.9 0.5 18.2 0.5 35.2 0.1 49.6 0.5 21.8 0.3 37.8 0.1 57.3 0.4 18.3 0.5 32.5 2.8 48.7 0.7 19.1 1.1 34.9 0.6 48.9 0.2 22.9 0.6 38.7 0.3 59.5 0.3

83 96 3 11.2 7.0 0.6 22.0 0.2 38.6 0.6 6.7 0.3 22.7 0.2 39.2 0.5 9.8 0.4 24.0 0.4 43.4 0.8 7.1 0.4 22.4 0.2 39.5 0.7 7.4 0.6 23.0 0.6 38.7 0.3 10.4 0.3 24.8 0.1 45.1 0.9

102 116 4 6.1 53.3 0.8 57.3 0.2 59.0 0.9 53.1 0.4 58.6 1.0 59.2 1.5 55.2 0.6 58.9 2.9 58.8 0.8 53.1 1.3 59.5 1.7 58.7 1.4 53.2 0.8 57.1 0.8 59.6 0.5 54.9 1.4 58.4 2.7 57.3 1.2

102 120 3 10.3 35.2 0.5 39.0 0.6 43.9 0.9 34.9 0.8 39.1 0.9 45.8 0.5 36.0 0.8 41.8 2.7 50.6 0.2 34.9 0.7 38.3 0.5 45.0 1.4 36.0 0.7 40.3 1.2 45.3 0.6 36.7 0.5 44.1 1.3 51.7 0.5

120 127 3 5.6 10.5 0.8 27.4 0.4 44.2 1.0 11.6 0.2 32.8 1.0 45.4 2.0 22.0 0.2 40.8 2.9 48.1 1.8 10.8 0.6 28.2 1.0 43.7 1.4 12.3 0.8 30.7 0.2 45.6 0.8 25.1 0.8 42.3 3.4 48.0 0.8

121 127 2 4.3 12.9 0.3 32.2 1.3 47.9 1.3 13.6 0.7 37.9 0.9 48.4 2.2 24.8 0.6 45.3 2.3 48.0 2.3 12.4 0.6 30.5 0.8 46.6 1.5 14.4 0.7 33.8 0.7 48.8 1.0 28.8 0.3 44.9 4.1 47.2 0.9

121 131 3 9.6 12.4 1.2 25.7 0.7 29.5 1.2 12.4 0.4 26.6 0.5 29.7 0.6 18.0 0.8 28.4 2.4 29.7 0.7 11.4 0.6 25.4 1.2 29.5 1.5 14.0 1.1 26.5 1.1 28.7 1.0 19.7 0.6 28.8 1.1 29.2 0.8

132 138 1 5.0 5.1 0.1 15.7 0.7 40.0 0.3 6.6 1.3 17.1 0.3 42.6 1.2 5.6 0.3 19.2 0.9 43.1 0.6 5.8 0.2 18.3 1.7 40.6 0.3 6.2 1.0 17.8 0.5 43.8 0.6 6.4 0.7 21.1 1.1 44.7 0.5

132 139 1 9.2 4.9 0.1 13.1 0.9 30.6 0.6 6.1 2.0 13.3 0.5 32.1 0.9 5.4 0.1 15.5 0.6 34.1 1.0 4.9 0.3 13.5 0.6 30.7 1.5 5.5 0.8 14.2 0.4 32.3 0.9 5.6 0.1 16.4 0.0 34.0 1.0

139 145 2 7.3 4.8 0.1 20.0 0.8 41.4 1.2 4.5 0.5 18.8 0.2 40.8 0.8 5.0 0.2 19.6 1.7 39.4 0.5 5.4 1.1 21.6 0.8 43.1 2.2 5.8 0.9 19.9 0.5 42.6 0.3 5.5 0.9 20.8 1.1 41.3 0.3

140 146 2 7.3 4.2 0.0 19.2 0.9 40.9 1.0 3.5 0.4 18.0 0.2 40.1 0.6 4.1 0.2 19.1 1.9 39.2 0.5 4.8 1.2 20.6 0.3 43.5 3.2 5.0 0.6 19.1 0.7 42.3 0.6 4.6 0.8 19.8 1.7 41.3 0.4

150 159 3 8.2 25.2 1.1 47.7 0.2 71.3 1.0 24.3 0.6 48.7 0.3 71.4 1.5 24.5 0.6 47.8 2.0 70.7 0.4 26.5 1.3 49.5 1.3 70.9 1.3 27.8 1.7 49.9 0.2 70.5 0.5 27.4 0.3 49.8 0.8 70.0 0.3

150 162 3 11.1 16.9 1.1 37.1 0.2 56.6 0.7 16.3 0.5 36.2 0.4 54.4 0.1 17.0 0.1 35.4 1.0 52.8 0.3 16.6 0.5 36.4 0.8 56.3 0.8 17.6 1.0 36.2 0.3 53.7 0.2 17.6 0.4 36.8 0.4 53.4 0.3

163 190 3 13.1 44.9 0.3 56.1 0.1 63.4 0.5 45.0 0.3 56.5 0.0 63.8 0.6 45.2 0.1 56.5 0.0 63.9 0.1 45.0 0.2 55.5 0.4 63.5 0.6 45.4 0.1 56.3 0.7 63.7 0.3 45.1 0.4 56.6 0.1 64.3 0.1

164 175 3 12.2 13.6 0.5 14.3 0.1 19.5 0.4 13.8 0.5 14.5 0.1 19.6 0.4 13.4 0.1 14.5 0.8 19.0 0.0 14.9 0.2 16.4 0.4 21.1 0.6 15.0 0.1 16.5 0.6 21.0 0.4 13.7 0.3 15.3 0.5 19.5 0.1

168 191 3 12.2 54.1 0.0 64.8 0.1 70.2 0.6 54.3 0.4 64.8 0.1 70.2 0.5 54.5 0.1 64.9 0.3 70.7 0.2 54.0 0.5 64.2 0.8 69.7 0.5 54.7 0.2 64.5 0.5 69.9 0.2 53.9 0.5 64.5 0.2 70.5 0.3

183 191 3 9.4 50.6 1.3 71.0 0.5 77.7 1.1 51.2 0.4 71.1 0.3 78.2 0.3 51.0 0.3 69.1 0.9 77.9 0.7 50.3 0.7 70.2 0.0 77.3 1.3 52.2 1.3 71.6 1.1 77.9 0.7 50.9 1.3 69.9 1.7 78.0 1.0

192 200 1 6.9 29.9 1.0 37.2 1.8 47.1 0.6 28.4 0.9 39.3 1.0 48.2 1.4 30.2 1.6 40.1 2.3 48.1 1.3 30.4 0.9 39.7 2.2 47.3 0.9 30.3 0.8 39.8 1.2 49.0 0.3 31.3 1.3 40.8 1.4 48.9 0.9

203 216 3 12.3 17.6 0.3 33.0 0.4 37.3 0.8 17.2 0.5 33.3 0.1 36.9 0.2 16.8 0.2 33.1 0.8 36.4 0.3 16.9 0.4 32.8 0.4 37.1 0.7 17.5 1.1 32.9 0.1 36.8 0.6 16.3 0.4 33.0 0.4 36.3 0.2

205 216 2 11.1 11.4 1.1 29.7 0.2 35.0 0.5 10.4 0.3 29.7 0.1 35.0 0.6 10.0 0.2 30.0 0.8 34.8 0.4 10.7 0.5 29.4 0.6 34.8 1.2 11.3 1.1 29.8 0.4 34.8 0.5 9.6 0.3 30.0 0.6 34.7 0.3

206 216 1 9.7 13.4 0.3 32.3 0.3 38.4 1.3 11.6 0.6 32.6 0.8 38.3 0.5 11.3 1.2 33.3 1.9 37.9 1.3 12.0 0.8 33.2 1.4 38.8 0.4 12.9 0.7 32.4 0.1 38.4 1.5 11.2 0.4 32.9 1.0 38.4 0.4

206 216 2 9.7 13.7 1.3 33.4 0.3 39.5 1.0 12.4 0.3 33.1 0.2 39.2 0.6 11.9 0.4 33.5 1.9 39.0 0.2 13.2 0.5 34.3 0.7 40.7 1.5 13.9 0.9 34.3 0.4 40.1 0.9 12.3 0.2 35.0 0.7 40.1 0.2

221 238 4 6.9 47.3 1.2 55.5 0.1 61.7 0.8 46.8 0.5 57.2 0.8 62.4 0.9 46.7 1.1 57.4 2.1 63.0 0.5 47.7 1.4 57.9 1.8 61.7 0.9 48.3 1.0 56.9 0.4 62.7 0.1 47.3 0.0 57.7 1.7 62.1 1.0

222 238 4 6.7 51.4 1.1 59.9 0.2 65.7 0.7 50.7 0.5 60.9 0.6 66.2 1.0 50.4 1.4 61.2 2.0 65.9 0.5 51.4 1.0 60.9 1.2 65.4 1.0 51.3 1.1 59.9 0.4 66.1 0.3 49.6 1.1 60.5 1.7 65.1 0.8

228 238 2 7.6 53.2 1.4 63.6 0.5 74.2 0.5 53.0 0.8 64.8 0.2 74.8 0.8 52.4 0.9 64.8 0.6 74.2 0.7 53.0 1.2 65.4 0.9 74.9 0.8 53.3 1.1 65.1 0.5 75.4 0.9 52.0 0.9 65.3 1.6 74.3 0.5

239 250 3 9.0 4.5 0.2 4.9 0.0 7.6 0.4 4.6 0.1 5.1 0.2 7.7 0.3 4.9 0.2 5.4 0.4 8.2 0.1 4.5 0.0 5.4 0.6 8.0 0.8 4.7 0.1 5.4 0.1 7.9 0.4 4.8 0.1 5.7 0.3 8.3 0.1

251 258 1 9.5 10.3 0.1 10.5 0.4 11.3 0.8 10.2 0.1 10.4 0.2 11.1 0.7 11.2 0.0 11.3 0.8 11.9 0.5 11.5 0.4 13.0 3.0 12.9 1.4 11.5 0.1 11.3 0.6 12.2 0.6 12.4 0.3 12.8 0.0 12.9 0.2

251 259 2 12.8 4.9 0.3 5.3 0.3 6.0 0.6 5.1 0.1 5.4 0.2 5.9 0.5 5.7 0.3 6.0 0.4 6.6 0.3 4.8 0.1 5.1 0.4 5.7 1.0 5.2 0.1 5.3 0.2 5.8 0.5 5.6 0.4 5.9 0.1 6.3 0.5

265 274 3 8.1 13.7 0.1 17.1 0.1 23.0 0.6 14.1 0.2 17.6 0.4 24.2 0.3 14.1 0.3 18.2 0.8 23.9 0.5 14.2 0.2 18.0 0.6 23.6 0.9 14.6 0.2 18.0 0.4 24.2 0.8 14.7 0.2 18.7 0.4 24.5 0.5

267 283 4 9.3 3.7 0.1 5.0 0.2 7.9 0.3 4.5 0.2 5.3 0.2 8.4 0.3 5.1 0.2 6.0 0.7 9.2 0.3 4.0 0.1 5.3 0.3 8.3 0.3 4.7 0.3 5.6 0.0 8.8 0.2 4.7 0.1 6.5 0.3 9.2 0.2

275 283 2 8.4 2.0 0.2 4.6 0.0 11.7 0.3 2.0 0.1 4.5 0.3 11.5 0.3 1.9 0.2 5.0 0.3 11.8 0.2 2.1 0.0 5.1 0.6 12.3 1.0 2.1 0.1 4.7 0.3 12.0 0.4 2.2 0.2 5.3 0.6 12.7 0.2

284 313 5 4.9 65.5 1.6 67.0 0.4 68.0 0.7 64.8 0.6 67.1 0.2 68.0 1.6 66.3 0.1 67.3 1.8 67.7 0.8 65.3 0.6 67.3 1.4 67.4 1.1 64.7 0.3 65.2 0.4 68.4 0.6 65.2 1.0 66.8 2.2 67.3 0.6

284 316 5 6.3 59.0 0.4 60.0 0.2 61.7 0.9 59.3 0.3 60.9 0.7 62.0 1.0 60.0 0.6 61.0 1.6 61.6 0.5 59.0 1.0 61.0 1.0 61.0 0.5 59.3 0.5 60.0 0.5 62.1 0.3 59.5 1.1 60.3 1.6 60.6 0.8

317 327 2 13.9 10.1 0.3 16.1 0.2 22.2 0.0 9.9 0.1 16.3 0.0 22.4 0.3 9.7 0.1 15.9 0.3 22.0 0.1 10.1 0.1 15.4 1.1 22.2 0.3 10.2 0.4 16.0 0.4 22.4 0.2 9.6 0.2 16.2 0.2 22.3 0.2

328 337 2 4.2 17.2 1.1 37.6 0.2 46.0 0.4 19.4 0.9 38.9 0.2 47.4 1.4 21.1 0.2 38.1 1.5 47.2 1.1 16.2 0.2 36.6 0.9 46.0 1.4 21.1 1.7 37.2 0.5 48.1 0.4 21.9 0.2 37.6 2.1 47.8 0.4

328 341 4 6.8 13.1 1.1 22.3 0.2 30.2 0.7 13.6 0.2 24.4 0.7 32.9 1.1 13.0 0.2 23.4 1.9 32.2 0.8 12.6 0.5 23.1 0.8 30.1 1.0 14.9 1.1 23.8 0.9 33.2 0.1 13.3 0.2 24.0 1.2 32.5 1.1

342 347 1 7.0 2.3 0.3 2.9 0.2 3.4 0.7 2.6 0.1 2.4 0.3 2.9 0.3 2.5 0.3 3.0 0.2 3.0 0.9 2.5 0.4 3.9 0.7 4.0 1.5 2.7 0.3 3.1 0.1 3.5 0.5 3.2 0.5 3.6 1.3 3.2 0.5

342 353 2 9.6 9.1 0.7 12.5 0.0 15.8 0.6 10.2 0.2 12.6 0.3 14.8 0.3 10.1 0.3 13.2 0.3 15.0 0.4 6.8 0.3 13.5 0.8 17.4 1.1 9.7 0.6 13.1 0.1 15.2 0.5 9.1 0.1 14.0 0.9 15.2 0.1

348 354 2 8.5 16.9 0.8 21.2 0.3 26.1 0.6 18.3 0.4 21.3 0.6 24.4 0.6 17.0 0.7 21.5 1.3 23.7 0.2 12.3 0.6 22.5 1.1 27.7 0.1 17.2 1.2 20.9 0.5 24.4 0.3 15.7 0.4 21.6 0.9 23.4 0.6

354 362 2 4.4 29.1 0.9 43.6 0.1 46.6 0.9 27.3 1.0 44.6 0.6 47.2 1.6 24.8 0.3 43.0 1.9 46.7 1.2 26.7 0.3 42.6 0.9 45.6 1.1 27.8 1.0 42.1 0.8 47.5 0.4 22.8 0.1 42.0 2.0 46.4 0.7

355 362 2 3.5 28.5 1.1 46.4 0.3 49.4 0.6 26.9 0.9 47.4 0.2 50.8 1.3 23.5 0.2 45.5 1.7 49.9 0.8 29.0 0.8 46.0 1.4 49.5 1.2 28.0 1.6 45.2 0.8 51.2 0.6 22.0 0.3 44.9 2.2 49.7 0.4

366 377 3 10.8 14.9 0.6 23.3 0.1 36.5 0.3 13.9 0.3 23.2 0.0 36.4 0.3 13.0 0.1 23.2 0.4 36.0 0.1 14.6 0.4 23.0 0.3 36.6 0.6 14.3 0.5 23.2 0.2 36.5 0.4 12.4 0.2 23.1 0.2 36.2 0.2

369 377 3 10.2 15.4 0.6 23.4 0.4 30.8 0.6 14.5 0.2 23.0 0.1 30.7 0.1 14.4 0.4 23.3 0.1 30.6 0.5 16.1 0.5 23.9 0.8 31.4 0.8 15.9 0.7 23.7 0.1 31.1 0.5 15.3 1.1 24.3 1.1 30.9 0.3

378 384 2 12.5 1.1 0.3 1.2 0.3 4.0 0.5 1.1 0.3 1.5 0.3 3.4 0.4 1.2 0.5 2.0 0.8 3.5 0.3 1.0 0.1 1.9 1.1 4.2 0.8 1.1 0.1 1.7 0.2 3.8 0.5 1.2 0.5 1.6 0.4 3.7 0.2

381 387 2 9.8 1.4 0.5 4.0 0.5 23.3 0.4 1.8 0.6 3.7 0.2 21.2 0.5 1.2 1.1 3.3 0.1 18.0 1.3 1.7 0.6 4.5 0.3 28.0 2.7 2.3 0.6 4.2 0.6 22.7 1.5 2.5 1.3 4.2 0.3 21.0 0.4

388 392 2 9.7 0.4 0.1 0.5 0.3 0.2 0.4 0.4 0.1 0.5 0.3 0.5 0.2 0.8 0.2 0.2 0.2 0.6 0.2 0.4 0.6 0.4 0.4 0.9 1.0 0.8 0.1 0.7 0.2 0.9 0.3 1.1 0.0 0.9 0.9 0.6 0.5

395 423 5 8.3 12.1 0.8 13.7 0.4 15.7 0.8 11.5 0.5 14.3 1.1 16.2 0.5 11.5 1.4 13.6 2.1 15.9 0.5 12.0 0.6 14.4 0.8 15.6 1.0 11.8 0.7 14.4 0.4 15.8 0.6 11.5 0.9 13.2 1.6 15.4 0.6

426 439 4 9.1 16.3 1.0 24.6 0.2 32.7 0.9 16.1 0.2 25.3 0.5 33.8 0.4 16.3 0.4 26.0 1.6 34.0 0.3 16.3 0.6 25.1 0.8 33.0 0.9 16.9 0.7 25.7 0.6 33.5 0.7 16.6 0.2 26.6 1.1 33.9 0.5

439 452 2 12.4 32.0 0.3 35.1 0.3 39.7 0.4 32.8 0.5 36.0 0.1 40.2 0.4 33.2 0.9 35.9 0.3 40.2 0.2 32.2 0.3 34.8 0.8 39.5 0.7 33.0 0.5 36.1 0.4 39.6 0.3 32.6 0.8 36.0 0.3 40.1 0.4

440 452 2 11.7 37.5 0.1 40.7 0.4 46.1 0.5 37.9 0.6 41.3 0.0 46.4 0.2 37.7 0.3 41.3 0.7 46.5 0.2 37.3 0.5 40.1 0.5 45.5 0.6 38.0 0.5 41.6 0.5 45.4 0.4 36.9 0.5 41.4 0.3 46.3 0.4

440 468 3 10.9 29.1 1.3 40.7 0.5 51.8 0.6 28.9 1.0 42.4 0.0 53.0 0.6 29.6 0.3 42.2 0.5 52.8 0.6 28.8 0.9 39.9 0.9 51.6 0.7 30.1 1.4 42.5 0.7 52.2 0.4 29.3 0.4 41.7 0.2 52.0 0.5

453 468 2 5.6 40.1 1.4 57.6 0.5 72.2 0.5 39.5 0.8 59.6 0.3 74.0 1.6 40.9 0.4 60.4 1.8 73.8 1.0 39.4 0.7 58.9 1.3 72.1 2.0 41.2 1.7 58.7 0.7 74.5 0.5 40.9 0.7 60.8 2.0 73.2 0.9

473 485 2 10.9 27.6 0.2 37.6 1.1 55.3 0.3 27.1 0.4 39.7 0.9 57.0 1.6 28.2 1.1 42.5 2.6 60.1 2.5 27.9 0.3 42.5 4.5 61.8 4.5 29.0 0.6 41.3 1.9 61.0 3.0 29.3 0.3 44.6 3.3 64.5 1.1

476 485 2 8.5 21.8 1.5 34.8 0.2 55.3 1.0 21.5 0.1 35.6 0.1 56.2 0.5 21.4 0.4 34.8 0.8 55.1 1.1 20.9 0.2 33.4 0.9 55.1 1.4 22.1 1.3 34.0 0.6 55.2 0.9 20.8 0.8 33.7 0.0 53.8 0.3

476 488 2 10.5 27.7 0.7 41.1 0.4 58.8 1.3 27.9 0.1 42.3 0.6 58.9 0.7 28.9 1.4 42.1 0.3 58.8 1.3 27.4 0.3 40.7 0.7 58.7 1.4 28.9 1.4 42.3 0.6 59.3 0.8 28.6 1.4 41.9 0.0 60.0 0.2

501 508 2 4.4 31.6 0.7 40.4 0.1 63.1 1.2 31.0 1.0 40.6 0.3 62.6 1.7 31.4 0.4 40.6 1.9 61.4 1.5 32.1 0.3 41.0 1.3 63.8 2.9 31.4 0.3 39.1 1.0 64.3 0.8 31.2 0.8 41.0 3.2 63.0 0.8

515 522 2 4.2 53.6 2.4 54.9 0.5 54.8 0.5 53.7 1.7 55.8 1.1 55.7 2.1 54.0 0.7 55.8 3.4 54.6 1.5 52.3 1.5 52.4 1.7 53.3 2.5 51.3 0.6 51.6 0.9 54.9 0.9 51.1 1.2 54.0 3.8 53.5 1.1

516 523 2 4.2 53.6 2.4 54.9 0.5 54.8 0.5 53.7 1.7 55.8 1.1 55.7 2.1 54.0 0.7 55.8 3.4 54.6 1.5 52.3 1.5 52.4 1.7 53.3 2.5 51.3 0.6 51.6 0.9 54.9 0.9 51.1 1.2 54.0 3.8 53.5 1.1

p110δ

p110δ

E525K Basal E525K pY E525K Membrane + pY E1021K Basal E1021K pY E1021K Membrane + pY

G124D Membrane + pYWT Basal WT pY WT Membrane + pY G124D Basal G124D pY
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Figure A1.2 cont.: All HDX p110δ and p85 peptide data for experiments examining 

conformational changes in APDS1 mutations under basal, pY-activated, and 

membrane-bound states. 

 

 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

524 529 2 3.1 3.4 1.6 15.2 2.1 30.7 2.4 4.8 0.3 19.6 0.3 30.7 3.9 5.0 2.0 19.6 2.7 32.5 1.4 3.4 2.0 5.3 1.7 13.6 0.9 6.8 0.6 20.1 1.2 40.1 2.5 5.1 1.5 22.6 1.5 38.3 1.1

524 546 5 11.4 1.6 0.6 4.7 0.1 7.9 0.6 1.7 0.1 4.7 0.1 8.5 0.5 1.7 0.1 5.1 0.5 8.8 0.2 2.0 0.2 5.0 0.3 7.8 0.8 2.2 0.2 6.3 0.2 10.1 0.3 1.8 0.1 6.3 0.4 10.7 0.2

550 564 4 8.4 0.9 0.1 3.5 0.2 5.7 0.3 0.9 0.0 3.2 0.1 6.1 0.3 1.0 0.1 3.4 0.4 6.1 0.2 1.2 0.1 4.8 0.7 6.8 0.8 1.0 0.0 2.8 0.0 6.1 0.3 1.1 0.1 3.0 0.3 6.0 0.2

552 565 4 9.1 0.8 0.1 1.9 0.1 3.4 0.4 0.9 0.0 1.7 0.2 3.3 0.5 1.0 0.3 2.8 1.4 4.0 0.3 1.1 0.2 2.7 0.6 4.0 0.7 1.1 0.1 2.0 0.1 3.3 0.4 1.4 0.2 2.7 0.3 3.2 0.3

568 574 2 13.2 8.8 0.5 27.1 0.6 49.1 0.8 8.4 0.2 27.2 0.1 49.9 1.3 8.9 0.7 29.3 1.1 49.8 1.1 8.8 0.6 26.2 1.0 48.2 0.7 9.6 0.6 28.0 0.4 50.0 0.6 8.6 0.9 30.0 0.2 50.6 0.7

568 577 2 14.2 19.9 0.2 40.4 0.6 59.8 0.5 20.6 0.0 42.6 0.6 61.3 0.3 22.1 1.2 43.3 0.8 61.8 0.3 19.4 0.7 40.1 0.3 58.7 1.1 21.0 0.5 42.1 0.9 61.4 0.7 21.7 0.9 43.7 0.2 61.7 0.8

583 587 1 12.9 16.3 1.9 33.5 0.4 50.7 0.5 17.4 0.9 36.0 0.0 52.3 1.3 20.6 1.2 40.8 2.3 54.2 1.3 15.6 0.8 33.4 1.8 52.5 1.5 19.3 1.2 36.1 1.3 51.5 1.0 22.4 1.2 42.1 1.7 53.9 1.4

583 595 2 13.2 8.1 0.3 18.7 0.2 34.7 0.7 8.2 0.2 19.4 0.3 34.9 1.4 9.2 0.4 20.4 0.8 34.9 0.3 8.1 0.3 19.1 0.3 35.6 2.0 8.9 0.5 19.4 1.0 34.7 1.0 9.1 0.6 20.2 0.3 34.3 0.4

585 595 2 12.3 4.5 0.0 12.2 0.2 27.6 0.7 4.7 0.1 12.2 0.3 27.7 0.9 4.8 0.3 11.6 0.8 27.2 0.5 4.5 0.1 12.3 0.1 28.6 1.0 5.0 0.2 12.1 0.6 27.5 0.6 4.7 0.3 11.1 0.2 26.5 0.2

596 608 2 8.4 7.2 0.7 11.9 0.3 18.4 0.7 7.0 0.2 12.6 0.7 19.1 0.6 7.2 0.6 12.9 1.1 18.6 0.4 7.1 0.3 12.6 0.9 18.7 0.7 7.5 0.5 12.4 0.5 19.0 0.5 7.6 0.3 13.6 0.9 18.3 0.6

616 625 2 11.0 15.2 0.9 24.5 0.1 33.1 0.3 14.7 0.2 25.0 0.0 33.7 0.3 14.7 0.2 25.7 0.1 33.5 0.3 14.5 0.5 23.5 1.0 33.5 0.1 15.6 0.9 25.5 0.5 34.1 0.1 14.7 0.5 26.5 0.1 33.9 0.2

628 634 2 11.7 0.1 0.9 -0.1 0.6 1.0 0.2 -0.5 0.4 -0.2 0.3 1.7 1.0 0.3 0.5 0.3 0.4 1.5 0.4 -0.5 0.3 0.3 0.9 1.7 1.3 -0.2 0.2 -0.4 0.9 2.2 0.6 -0.1 0.3 1.5 0.5 2.8 0.7

630 634 2 10.4 1.1 0.0 1.3 0.5 1.1 0.3 1.2 0.2 1.3 0.1 1.4 0.3 1.6 0.1 1.2 0.2 1.8 0.5 1.1 0.3 1.8 1.1 1.9 1.0 1.3 0.2 1.5 0.4 1.2 0.2 1.3 0.2 1.6 0.7 1.5 0.4

633 647 4 9.1 1.0 0.3 2.4 0.2 3.6 0.2 1.1 0.1 2.4 0.0 3.5 0.3 1.1 0.1 2.6 0.3 3.8 0.2 1.2 0.1 2.9 0.4 3.8 0.4 1.2 0.0 2.7 0.1 4.0 0.3 1.3 0.1 3.0 0.1 3.9 0.1

634 647 4 8.0 1.7 0.0 4.5 0.0 6.3 0.3 1.9 0.1 4.8 0.1 6.4 0.2 1.8 0.1 4.7 0.3 6.5 0.5 1.9 0.2 5.0 0.4 7.0 0.9 2.0 0.2 4.9 0.1 6.9 0.3 2.1 0.1 5.2 0.5 7.2 0.5

635 646 4 6.3 2.6 0.2 6.2 0.2 8.1 0.8 2.5 0.2 6.4 0.1 8.8 0.5 2.5 0.3 6.6 0.8 8.9 0.4 2.4 0.2 6.6 0.4 8.8 1.1 2.5 0.3 6.0 0.2 9.3 0.1 3.0 0.3 6.7 0.0 8.8 0.5

636 646 4 5.5 2.2 0.2 5.2 0.5 7.2 0.2 1.9 0.1 5.5 0.3 7.6 0.5 2.2 0.4 5.8 1.1 7.7 0.7 2.5 0.4 6.0 0.5 8.9 1.5 2.4 0.0 5.5 0.0 8.7 0.6 2.6 0.2 6.2 0.7 8.7 0.2

647 651 2 12.9 1.4 0.0 1.2 0.1 1.5 0.3 1.0 0.1 1.4 0.0 1.4 0.5 1.1 0.2 1.4 0.4 1.6 0.3 1.2 0.2 1.6 0.1 1.8 0.4 1.2 0.3 1.3 0.1 1.8 0.2 1.2 0.1 1.7 0.3 1.7 0.2

648 655 3 10.0 0.7 0.2 0.8 0.4 1.1 0.5 0.4 0.2 0.5 0.1 1.1 0.3 0.5 0.1 0.9 0.1 1.3 0.4 0.2 0.1 0.8 0.2 1.5 0.5 0.6 0.2 0.9 0.0 2.0 0.2 0.8 0.0 1.2 0.1 1.8 0.4

662 668 2 13.2 0.9 0.0 1.0 0.1 1.2 0.1 1.0 0.1 1.2 0.0 1.5 0.2 0.9 0.1 1.1 0.0 1.6 0.1 0.8 0.1 1.3 0.2 1.8 0.2 0.9 0.0 1.3 0.1 1.9 0.1 0.9 0.0 1.4 0.3 2.1 0.1

671 683 4 6.0 3.3 0.2 7.0 0.4 12.2 0.2 3.1 0.0 7.1 0.4 12.6 0.4 3.5 0.1 7.5 0.5 12.4 0.2 3.9 0.2 8.5 0.6 14.0 1.0 3.9 0.4 8.2 0.3 13.6 0.3 4.6 0.1 8.9 0.5 13.7 1.0

683 689 2 5.7 2.3 0.0 3.7 0.5 4.9 0.4 2.3 0.3 2.8 0.2 5.2 0.5 2.7 0.3 4.2 0.6 6.0 0.6 2.6 0.1 6.3 0.6 7.9 2.2 3.5 0.2 5.5 0.1 7.5 0.9 4.2 0.4 6.1 1.0 7.8 0.3

698 713 5 5.0 27.4 0.3 43.0 0.7 48.9 0.6 26.5 0.6 43.6 0.4 49.3 1.6 24.9 0.1 42.2 2.5 48.7 1.2 28.3 0.1 44.5 1.3 49.6 1.8 28.6 1.2 42.1 0.9 50.7 0.6 24.8 0.3 42.4 2.6 48.8 0.5

698 715 4 6.8 19.9 0.8 29.9 0.4 38.2 0.6 19.7 0.2 31.7 0.6 39.1 0.8 17.9 0.4 30.9 1.1 38.7 0.7 20.2 0.4 31.6 0.4 38.2 1.0 21.1 0.9 31.5 0.8 39.3 0.1 18.0 0.1 30.4 1.4 38.1 0.6

714 719 2 10.6 1.4 0.2 1.9 0.1 2.9 0.4 1.8 0.2 2.1 0.1 3.3 0.5 1.3 0.1 2.3 1.2 3.3 0.3 2.9 0.2 5.1 0.8 5.7 1.1 3.1 0.5 4.4 0.3 6.0 0.5 2.6 0.3 3.9 0.1 4.4 0.4

726 740 2 10.5 3.9 0.3 16.3 0.1 24.1 0.3 3.8 0.0 16.3 0.2 24.4 0.3 3.9 0.1 17.5 0.4 24.4 0.3 5.0 0.2 17.9 0.3 25.4 1.0 5.1 0.3 17.9 0.5 25.7 0.4 4.8 0.1 19.0 0.2 25.1 0.0

726 741 2 11.9 3.5 0.2 15.1 0.1 22.1 0.2 3.8 0.2 15.1 0.1 22.5 0.4 4.0 0.4 16.4 0.6 22.7 0.2 4.8 0.3 16.4 0.3 23.6 0.5 5.0 0.4 16.6 0.1 23.7 0.3 5.1 0.3 17.5 0.1 23.6 0.1

728 740 2 10.1 4.8 0.3 19.8 0.2 29.3 0.4 4.8 0.1 19.8 0.2 29.6 0.4 4.9 0.2 21.2 0.6 29.5 0.3 6.4 0.3 21.9 0.6 30.9 0.9 6.4 0.4 21.7 1.0 31.1 0.6 6.1 0.2 23.3 0.3 30.5 0.1

741 745 1 6.7 2.5 0.1 5.4 0.4 26.7 0.9 2.9 0.3 5.2 0.0 26.0 0.4 2.9 0.4 5.3 0.6 24.9 1.2 7.0 0.4 12.2 2.3 35.1 5.0 6.2 0.5 9.5 0.6 32.4 1.0 5.5 0.0 9.4 2.2 31.2 0.8

746 751 1 8.9 3.0 0.3 16.9 0.1 34.4 0.9 3.3 0.1 17.2 0.0 33.9 0.4 2.8 0.2 13.8 0.7 33.8 0.3 5.0 0.4 19.6 1.5 36.7 1.6 5.6 0.6 19.9 0.7 36.5 0.5 4.3 0.3 14.2 0.1 34.4 0.4

752 760 3 10.2 20.1 0.2 21.2 0.1 28.0 0.8 20.5 0.5 21.5 0.1 28.2 0.3 20.3 0.1 21.4 0.7 27.4 0.2 21.7 0.3 22.9 0.4 30.1 0.9 22.1 0.3 23.8 0.2 29.7 0.4 20.5 0.3 22.7 0.7 28.0 0.2

752 762 3 12.3 13.1 0.3 13.9 0.0 19.0 0.3 13.5 0.3 14.1 0.1 19.3 0.3 13.2 0.1 14.0 0.5 18.8 0.1 14.7 0.2 15.5 0.5 20.6 0.5 14.7 0.2 16.0 0.0 20.8 0.1 13.6 0.3 15.1 0.2 19.3 0.1

753 760 3 10.1 20.2 0.0 21.0 0.6 29.6 0.7 20.2 0.6 20.9 0.1 29.5 0.3 19.6 0.5 21.0 0.9 29.5 0.8 21.2 0.5 23.8 1.6 32.3 1.7 21.7 0.4 24.3 0.6 32.0 0.5 20.0 0.3 23.4 0.8 30.6 0.5

753 762 3 12.3 12.2 0.1 13.1 0.2 19.1 0.6 12.4 0.5 13.3 0.0 19.3 0.4 12.1 0.4 13.4 1.2 18.8 0.3 13.8 0.5 15.6 0.7 20.9 1.2 13.8 0.2 15.5 0.1 21.1 0.3 12.4 0.1 14.2 0.2 19.5 0.2

761 766 1 6.4 34.3 0.9 43.6 1.3 54.0 2.0 33.5 0.5 44.1 0.2 53.6 0.9 34.1 1.0 44.6 5.3 53.3 1.8 37.7 1.6 53.1 4.9 60.3 6.1 36.7 0.3 46.7 1.0 57.8 0.6 36.7 1.3 48.9 3.4 57.2 1.0

763 775 2 5.2 47.0 0.6 48.7 1.2 54.8 0.5 47.5 1.4 50.7 1.0 55.4 1.5 49.0 0.9 49.4 1.1 54.0 0.7 48.3 0.2 49.4 1.1 55.8 2.3 48.5 1.0 49.0 1.8 55.7 0.2 47.9 1.3 50.9 2.3 54.2 0.8

767 775 1 3.6 41.9 1.3 43.4 0.7 51.2 0.9 43.7 1.6 45.9 0.7 51.5 1.0 42.5 0.7 44.1 2.2 50.0 1.9 44.5 0.6 44.8 1.2 51.7 1.6 44.0 0.2 44.9 0.7 52.8 0.2 42.6 1.0 44.8 2.4 49.8 0.7

776 784 2 9.3 14.2 1.2 18.7 0.2 25.0 0.6 14.3 0.4 19.3 0.4 25.2 0.6 11.8 0.4 19.4 1.1 25.4 0.6 15.5 0.7 20.4 0.7 26.0 1.2 16.3 0.7 20.1 0.6 25.7 0.8 11.5 0.1 20.1 0.7 25.4 0.5

776 788 3 9.2 13.1 1.0 25.3 0.6 32.7 0.7 12.7 0.8 26.2 0.8 33.9 0.6 10.0 0.8 25.6 2.2 33.5 0.9 13.7 0.9 27.4 1.5 34.2 1.8 14.6 0.7 27.1 1.1 34.2 0.8 10.1 1.0 25.5 1.2 33.2 0.6

801 807 2 7.1 3.2 0.4 13.9 0.3 25.0 0.4 3.7 0.4 15.0 0.4 25.8 0.4 4.0 0.4 15.1 0.4 25.3 0.9 3.7 0.3 15.9 1.4 26.7 2.0 4.6 0.6 16.0 0.0 27.4 0.2 5.1 0.3 17.5 1.2 26.4 0.3

808 826 3 10.6 4.3 0.1 5.4 0.1 10.3 0.3 4.5 0.1 5.6 0.2 10.5 0.3 4.4 0.1 5.6 0.4 9.9 0.2 5.3 0.1 6.6 0.6 11.5 0.9 5.5 0.1 6.6 0.2 11.4 0.3 5.0 0.0 6.4 0.4 10.2 0.1

809 824 3 9.6 6.4 0.3 7.8 0.1 14.0 0.5 6.5 0.1 7.8 0.2 14.3 0.4 6.3 0.1 8.1 0.7 13.6 0.4 7.6 0.4 9.2 0.9 15.3 1.3 7.5 0.1 8.8 0.2 15.3 0.6 7.1 0.2 8.8 0.8 13.7 0.1

827 836 2 6.4 17.4 0.7 27.7 0.3 35.9 0.8 17.1 0.2 28.2 0.1 39.9 0.7 16.1 0.2 28.0 0.9 35.2 0.9 18.7 0.4 29.9 0.9 38.1 1.2 19.1 0.5 29.1 0.7 41.8 0.6 16.9 0.1 29.0 0.6 33.5 0.2

830 836 2 3.8 2.6 0.4 4.5 0.5 12.5 0.4 3.3 0.3 5.0 0.1 18.0 0.7 3.6 0.3 4.6 0.0 11.1 0.5 5.5 0.3 8.0 1.2 17.3 3.0 5.7 0.4 7.1 0.2 22.7 0.9 5.8 0.3 6.6 0.9 9.9 0.2

840 849 2 4.1 70.5 2.1 71.3 1.7 72.9 1.6 71.0 1.9 72.9 0.6 73.3 1.8 62.5 0.5 71.3 3.1 71.8 2.2 71.4 1.2 72.2 3.0 72.1 0.8 70.3 0.8 70.1 1.4 73.4 1.4 53.5 0.7 71.2 2.7 71.8 1.5

845 850 1 7.6 83.6 0.1 83.1 0.7 85.3 0.8 84.6 0.4 85.3 0.5 86.8 0.8 67.9 1.3 85.0 2.8 86.3 1.0 85.0 1.6 85.6 0.5 87.6 1.1 85.3 0.1 87.2 0.6 88.3 0.2 48.5 0.7 86.2 2.9 89.0 0.9

850 856 2 9.2 40.0 2.8 52.7 0.1 60.7 0.7 46.0 0.3 54.7 0.4 66.3 0.7 25.3 0.3 48.1 1.8 59.8 0.3 37.9 1.5 52.4 1.5 60.6 0.9 47.3 1.5 54.6 0.7 65.9 0.6 16.8 0.1 38.3 1.8 53.8 0.8

851 856 2 7.5 32.1 3.1 47.4 0.0 57.9 0.8 39.0 0.7 50.6 0.2 64.4 1.2 18.4 0.6 42.9 2.1 56.5 1.0 34.1 1.4 52.5 2.0 60.5 1.9 42.7 1.1 53.6 0.1 66.1 0.4 10.8 0.1 33.9 1.3 53.3 0.5

856 868 3 9.7 27.0 1.2 38.9 0.2 44.3 0.9 27.6 0.5 39.5 0.3 45.0 0.5 24.6 0.2 38.7 1.3 42.9 0.5 26.4 0.8 38.5 0.4 44.0 1.1 28.8 1.1 40.4 0.8 45.4 0.6 23.8 0.1 38.8 0.6 42.7 0.6

857 868 3 8.8 29.5 1.4 42.0 0.2 45.5 0.8 30.5 0.3 42.8 0.4 45.5 0.3 26.9 0.3 41.6 0.8 44.5 0.9 28.9 0.7 41.3 0.6 45.2 0.9 31.4 1.3 43.0 0.4 45.8 0.8 26.2 0.1 41.3 0.6 44.1 0.5

869 874 2 4.5 2.0 0.2 2.5 0.2 4.4 0.2 2.0 0.0 2.5 0.4 5.1 0.4 2.7 0.1 3.0 0.5 4.4 0.7 2.9 0.5 4.2 1.0 6.3 1.1 3.4 0.2 4.1 0.1 7.4 0.2 4.8 0.1 5.5 0.3 5.4 0.4

875 881 1 9.5 1.0 0.1 1.3 0.2 1.3 0.1 1.2 0.2 1.3 0.1 1.6 0.3 1.3 0.1 1.6 0.3 1.8 0.3 1.0 0.0 1.9 0.8 2.0 0.8 1.3 0.0 1.7 0.2 2.6 0.4 1.6 0.1 2.4 0.5 2.0 0.3

882 886 1 6.3 1.0 0.3 1.4 0.2 1.5 0.1 1.6 0.3 1.5 0.3 1.8 0.3 1.8 0.6 1.9 0.7 1.7 0.4 1.2 0.3 2.2 1.5 2.4 1.3 1.5 0.6 1.8 0.7 2.6 0.3 2.0 0.6 2.1 0.2 2.4 0.1

887 898 3 7.8 4.4 0.2 10.6 0.7 14.1 0.4 6.3 0.3 13.2 0.9 16.4 0.8 4.6 0.5 11.9 1.2 15.8 0.6 4.9 0.3 11.7 0.8 15.6 1.0 7.4 0.5 13.9 0.7 17.1 0.2 4.3 0.2 10.6 0.7 15.2 0.5

887 900 2 9.9 2.2 0.1 6.6 0.0 8.5 0.3 2.9 0.0 7.8 0.2 9.8 0.3 2.2 0.1 6.1 0.3 9.0 0.2 2.5 0.1 6.9 0.3 9.6 0.5 3.8 0.4 8.6 0.2 10.5 0.4 2.4 0.1 5.5 0.3 8.8 0.1

901 907 2 5.7 3.7 0.4 13.6 0.1 24.3 0.5 4.1 0.1 15.0 0.3 25.6 0.7 4.0 0.3 13.5 0.7 23.0 0.7 4.1 0.3 14.8 0.8 26.0 2.0 5.0 0.3 15.5 0.6 27.8 0.2 4.8 0.1 14.4 0.9 21.3 0.1

908 912 2 11.3 1.9 1.1 4.0 0.5 15.2 0.7 2.0 0.4 5.2 0.0 20.3 0.9 1.7 0.3 4.2 1.3 15.0 0.8 2.8 0.2 6.1 0.6 17.2 0.2 3.6 0.0 7.2 0.8 20.9 0.9 2.8 0.4 4.8 0.4 12.7 0.3

908 915 3 11.7 8.3 0.6 19.6 0.1 24.8 0.6 9.5 0.3 19.8 0.1 26.8 0.5 5.1 0.1 17.5 1.1 24.7 0.3 9.3 0.4 20.2 0.7 25.6 1.0 11.4 0.9 20.9 0.5 26.0 0.5 4.2 0.2 15.3 0.6 23.3 0.5

908 919 3 13.7 17.2 0.6 34.7 0.4 38.7 0.4 20.5 0.3 36.8 0.1 40.2 0.8 12.2 0.3 32.8 0.8 39.0 0.3 19.5 0.3 33.4 2.8 38.8 0.9 22.5 1.1 36.6 1.2 39.4 0.2 9.2 0.5 28.3 0.3 38.7 0.5

909 919 3 12.7 18.6 0.9 39.5 0.4 43.3 0.3 23.0 0.9 40.7 0.2 44.4 0.7 13.6 0.2 36.7 1.8 43.2 0.2 20.8 0.7 39.7 0.1 43.4 0.9 25.1 0.5 40.9 1.0 43.6 0.9 9.9 0.8 31.5 1.5 42.8 0.6

920 934 4 10.1 25.1 1.2 30.9 0.3 41.0 1.0 27.0 0.5 36.7 0.2 48.5 0.5 19.0 0.4 32.4 1.2 45.0 0.3 27.2 0.6 34.1 0.6 43.2 1.1 29.9 1.0 39.1 0.9 48.5 0.9 14.1 0.9 31.4 0.6 41.2 0.8

920 935 4 9.7 26.8 1.1 33.3 0.2 46.7 1.1 31.1 0.5 45.3 0.2 57.0 0.5 20.7 0.4 38.7 1.5 53.6 0.2 29.2 0.6 36.8 0.8 50.2 1.1 34.4 1.2 47.4 0.5 57.2 0.9 15.2 0.2 35.2 0.9 48.9 0.5

939 958 5 6.2 15.0 0.6 21.0 0.1 26.3 0.7 17.8 0.2 25.2 0.7 30.6 1.2 14.7 0.6 22.9 2.0 28.7 0.7 14.8 0.6 22.4 0.7 26.7 1.2 19.2 0.9 25.6 1.0 31.5 0.2 13.7 0.9 21.8 1.6 26.6 0.8

964 973 3 8.4 6.6 0.8 9.8 0.3 15.8 0.2 5.6 0.1 10.2 0.3 16.2 0.4 5.2 0.2 10.0 0.6 15.4 0.1 6.9 0.1 10.4 0.6 16.9 1.0 6.4 0.5 10.3 0.3 16.6 0.5 5.3 0.2 10.5 0.1 16.0 0.4

964 973 4 8.4 6.8 0.7 9.7 0.3 15.7 0.7 5.9 0.2 9.8 0.2 16.1 0.1 5.4 0.4 10.1 0.3 15.3 0.5 6.8 0.4 10.4 0.7 16.5 0.8 6.2 0.4 10.2 0.1 16.4 0.3 5.7 0.4 10.3 0.8 15.6 0.3

964 974 4 10.5 6.0 0.5 9.5 0.1 15.1 0.9 5.5 0.2 9.4 0.5 15.5 0.5 5.2 0.4 10.1 0.9 15.2 0.6 6.1 0.3 9.6 1.1 15.8 0.8 5.7 0.5 9.7 0.3 15.6 0.6 5.0 0.1 9.6 0.3 14.7 0.5

978 989 2 12.4 14.3 1.2 47.4 0.9 57.8 0.9 14.9 0.4 47.7 0.3 58.2 0.9 12.6 0.2 42.4 0.6 57.3 0.1 15.1 0.7 45.5 0.2 56.6 0.9 17.2 1.5 46.6 1.0 58.2 1.2 12.4 0.7 38.8 0.1 56.8 0.6

982 989 2 9.4 20.7 2.5 61.4 0.0 76.7 0.8 21.8 0.7 65.0 0.1 77.2 0.3 15.4 0.6 54.4 0.9 76.5 0.8 22.4 1.1 62.2 0.4 76.6 1.3 25.4 2.3 65.5 0.6 77.0 0.7 14.0 0.9 48.9 0.4 76.1 1.1

998 1002 2 6.3 5.1 0.5 9.2 1.4 24.6 3.5 3.1 1.5 9.2 0.1 26.2 2.0 3.3 0.5 8.5 1.4 17.2 0.7 6.0 0.9 22.4 2.9 40.8 3.1 5.0 0.7 18.0 0.5 40.9 1.1 6.4 1.1 14.8 1.4 28.9 1.0

1003 1009 2 4.0 53.9 1.0 67.7 0.7 70.3 0.8 55.0 2.0 68.6 0.8 72.1 1.7 54.0 1.0 66.3 1.9 71.9 1.8 55.3 0.7 68.5 1.8 69.4 0.9 56.5 0.9 67.2 0.7 72.0 1.8 52.7 0.9 64.1 2.7 71.4 1.3

1010 1019 3 7.9 1.0 0.4 1.9 0.0 8.3 0.4 0.7 0.1 2.2 0.1 11.8 0.3 1.1 0.2 1.9 0.0 8.6 0.4 1.6 0.3 3.8 0.2 16.3 0.6 1.6 0.1 4.5 0.0 18.5 0.4 1.9 0.1 2.8 0.0 8.8 0.2

1023 1033 4 8.8 38.9 3.0 56.8 0.4 58.2 0.6 58.7 0.2 58.5 0.6 58.8 1.1 33.9 0.4 56.5 2.2 59.1 0.4 42.8 1.6 56.7 1.9 57.9 0.7 58.3 0.6 58.9 0.1 58.3 0.4 16.2 0.7 44.9 0.8 58.1 1.0

1024 1033 4 8.4 37.7 2.3 57.4 0.4 59.4 1.2 58.2 1.2 58.6 0.9 59.6 0.7 33.2 1.3 56.3 3.3 59.7 0.2 # # # # # # # # # # # # # # # # # #

1024 1044 5 8.1 37.5 1.8 47.1 0.3 50.4 1.4 48.3 0.9 49.2 1.8 51.1 1.3 30.8 2.2 48.2 4.0 51.1 0.7 # # # # # # # # # # # # # # # # # #

1034 1044 3 3.2 48.2 2.2 50.8 0.4 50.5 0.8 50.2 1.9 52.4 0.4 50.6 2.4 42.3 1.6 51.4 1.8 49.8 1.0 50.4 0.4 50.1 2.2 50.3 1.8 50.0 0.2 49.0 0.5 51.3 1.5 37.6 1.2 51.2 3.5 49.4 0.4
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Figure A1.2 cont.: All HDX p110δ and p85 peptide data for experiments examining 

conformational changes in APDS1 mutations under basal, pY-activated, and 

membrane-bound states. 

 

 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

8 13 2 7.6 3.1 0.2 5.4 0.5 14.3 0.4 3.0 0.2 5.2 0.1 15.1 0.4 3.6 0.2 5.4 0.1 14.1 0.3 3.2 0.5 5.4 0.2 14.7 0.6 3.4 0.0 5.2 0.0 15.1 0.2 3.0 0.3 5.3 0.1 14.2 0.7

14 21 3 3.0 28.7 0.6 35.8 2.1 36.9 0.9 26.4 0.9 37.8 1.1 39.5 0.8 26.1 1.6 37.3 0.3 38.8 1.1 27.5 0.7 36.7 1.4 37.8 0.5 27.6 0.8 35.8 0.3 38.8 1.0 25.3 0.6 35.7 0.2 39.0 0.7

22 30 2 12.6 1.9 0.1 6.1 0.3 11.6 0.0 2.8 0.5 6.5 0.2 11.6 0.3 3.5 0.6 7.1 0.1 12.1 0.3 1.9 0.2 6.5 0.2 11.5 0.1 2.5 0.1 6.6 0.1 11.5 0.3 3.0 0.4 6.9 0.2 11.7 0.4

25 37 3 9.7 23.8 0.1 24.8 0.2 25.0 0.3 23.6 1.3 25.1 0.4 25.2 0.8 23.6 0.3 24.4 0.2 25.1 0.8 23.7 0.9 24.6 0.1 25.2 0.4 24.6 0.2 25.0 0.2 25.1 0.3 23.1 0.3 24.0 1.3 25.2 0.7

38 52 2 8.5 36.8 1.6 55.2 1.1 59.2 0.4 31.8 0.9 56.2 0.8 59.6 0.6 33.4 0.2 53.7 2.5 60.0 0.8 35.5 1.5 53.7 1.2 59.5 0.6 34.4 0.3 55.8 0.4 58.7 0.5 32.4 2.5 53.4 1.0 59.8 0.9

53 60 1 11.8 9.0 0.6 21.8 0.5 24.9 0.3 8.6 0.5 21.7 0.5 24.5 0.7 8.7 0.3 21.5 0.5 24.3 0.7 8.6 0.1 21.8 0.4 24.9 0.3 8.6 0.2 21.6 0.1 24.4 0.3 8.0 1.2 21.3 0.1 24.2 0.1

53 73 3 11.9 5.8 0.4 15.0 0.4 20.6 0.1 5.4 0.1 15.3 0.3 20.7 0.5 5.7 0.2 15.3 0.2 21.3 0.4 5.5 0.2 15.2 0.2 20.7 0.2 5.8 0.1 15.4 0.1 20.2 0.2 5.2 0.8 15.0 0.4 21.0 0.5

59 72 2 7.7 6.7 0.6 16.6 0.4 24.5 0.1 6.0 0.1 16.9 0.4 24.3 0.1 6.4 0.1 17.0 0.8 24.5 0.1 6.5 0.3 16.5 0.6 24.7 0.2 6.8 0.4 17.0 0.2 24.2 0.1 5.8 0.9 16.9 0.0 24.9 0.4

73 106 5 6.5 51.4 1.4 54.8 0.4 55.4 0.8 49.5 1.2 55.2 0.8 55.9 0.4 51.1 0.8 54.4 1.5 55.2 0.6 50.8 0.7 55.1 0.8 56.1 0.1 51.5 0.1 54.4 0.6 55.3 0.7 51.0 1.3 54.2 1.6 56.3 0.2

74 107 5 6.1 53.1 1.5 56.1 0.8 57.2 0.7 51.2 1.2 56.5 0.7 57.5 0.7 52.7 1.2 55.8 1.6 56.8 0.5 52.6 0.6 56.5 0.8 57.8 0.1 53.2 0.7 55.5 0.5 57.3 1.1 52.6 1.1 55.2 1.7 58.1 0.3

77 106 5 5.3 59.0 1.3 58.9 0.4 59.8 0.9 57.0 1.6 59.8 0.6 60.3 0.7 59.0 0.9 59.2 1.3 59.6 0.5 58.6 0.3 60.1 0.3 60.2 0.1 59.8 0.8 58.8 0.3 60.1 0.9 59.0 0.7 58.9 1.4 60.6 0.1

77 107 5 5.3 58.7 1.4 58.5 0.4 59.2 0.8 56.6 1.8 59.5 0.7 60.0 0.6 58.4 1.0 58.6 1.4 59.2 0.4 58.1 0.3 59.6 0.5 60.0 0.1 59.3 0.7 58.5 0.2 59.7 1.0 58.9 0.5 58.5 1.4 60.1 0.1

113 118 1 11.9 22.7 1.7 58.3 0.9 71.3 0.4 19.6 0.1 57.8 0.6 70.0 0.7 20.0 1.1 56.0 0.3 70.2 0.4 20.9 0.4 59.0 0.5 70.9 0.9 20.6 0.4 57.9 0.3 70.5 0.8 18.8 3.8 54.0 0.1 69.7 0.2

119 132 2 12.6 11.6 1.1 24.6 0.5 34.5 0.1 10.6 0.1 24.9 0.4 34.4 0.2 11.0 0.6 25.1 0.1 34.5 0.2 10.8 0.2 24.6 0.1 34.2 0.1 11.2 0.1 24.9 0.3 34.4 0.2 10.4 1.8 24.3 0.0 33.9 0.2

122 132 2 12.6 13.8 1.3 25.4 0.7 37.8 0.0 15.1 0.5 28.4 0.9 39.7 2.2 15.3 0.5 27.4 0.3 40.4 3.3 12.7 0.9 25.5 2.1 37.6 1.1 15.2 1.1 27.6 0.5 38.7 0.4 14.1 2.0 28.2 3.4 39.1 0.4

133 138 2 7.3 1.0 0.1 1.5 0.1 1.9 0.5 1.5 0.1 1.5 0.3 2.1 0.4 1.9 0.2 2.5 0.1 2.4 0.7 1.2 0.3 1.5 0.1 1.6 0.2 1.4 0.3 1.8 0.2 2.2 0.2 1.7 0.2 2.0 0.5 2.3 0.2

139 146 3 4.9 18.8 0.9 44.1 1.0 58.3 1.0 17.5 0.1 44.7 1.0 59.2 0.5 18.5 0.5 44.4 0.0 58.2 0.6 18.5 0.1 45.3 0.1 58.8 0.9 18.8 0.2 43.7 0.5 59.0 0.9 18.9 1.9 43.8 1.8 59.0 0.4

149 158 2 6.3 53.7 1.6 56.6 0.4 62.6 0.6 51.7 2.0 58.0 1.0 63.8 0.5 54.5 0.6 57.9 1.5 62.5 1.0 52.7 1.2 58.0 1.4 63.8 0.6 55.2 0.9 57.2 0.7 62.5 1.4 54.4 1.8 57.2 2.4 64.3 0.2

150 157 2 3.2 67.4 1.2 67.8 1.7 67.8 1.7 66.8 1.6 71.1 2.3 71.3 0.4 70.0 3.1 70.5 0.6 71.0 2.1 66.3 1.3 67.4 1.1 69.7 1.4 67.7 1.3 67.7 0.7 70.6 2.2 68.4 1.2 68.8 1.1 72.1 0.3

150 160 2 5.2 56.5 2.0 63.2 0.2 63.6 1.3 53.5 1.8 65.7 1.2 66.8 0.7 57.0 1.4 64.3 1.8 66.1 1.7 56.0 1.5 64.7 1.5 65.4 0.8 57.8 0.9 63.6 0.3 65.5 1.5 57.0 2.1 64.3 2.7 67.6 0.1

168 173 1 4.7 77.1 1.2 76.3 1.4 78.8 0.1 74.8 0.5 79.0 0.8 79.8 0.5 77.4 1.1 76.3 2.0 79.6 0.8 76.2 0.6 77.0 1.2 78.7 0.6 77.5 1.1 77.4 0.4 79.7 0.4 77.8 1.1 76.8 1.8 79.7 0.2

177 185 2 9.2 10.3 0.3 12.6 0.2 14.4 0.1 10.0 0.5 12.8 0.3 14.6 0.3 10.5 0.2 13.0 0.0 14.8 0.6 10.3 0.4 12.6 0.2 13.9 0.2 10.5 0.0 12.9 0.1 14.4 0.1 10.2 0.4 12.6 0.3 14.5 0.2

177 186 2 11.9 8.2 0.4 10.3 0.4 12.3 0.3 8.7 0.6 11.0 0.6 12.5 0.1 9.1 0.2 11.1 0.3 12.9 0.1 8.1 0.2 10.4 0.0 11.7 0.2 8.4 0.4 11.0 0.1 12.4 0.2 8.7 0.8 10.8 0.1 12.5 0.5

186 202 3 11.8 10.9 0.3 13.0 0.1 15.7 0.1 10.8 0.1 13.3 0.3 15.7 0.2 11.0 0.3 13.1 0.2 15.7 0.1 10.6 0.3 12.7 0.3 15.5 0.3 10.9 0.1 13.2 0.1 15.7 0.3 10.7 0.7 12.9 0.1 15.4 0.2

186 203 3 12.3 10.0 0.3 12.2 0.2 15.4 0.1 10.0 0.0 12.4 0.4 15.2 0.1 10.1 0.3 12.1 0.2 15.2 0.1 9.8 0.2 12.0 0.1 15.0 0.3 10.1 0.1 12.2 0.0 15.3 0.5 9.8 0.6 11.9 0.1 14.8 0.2

191 202 2 11.4 16.8 0.7 20.3 0.5 24.4 0.5 16.9 0.0 20.9 0.2 24.2 0.3 17.5 1.0 20.6 0.2 24.2 0.4 16.2 0.4 19.5 0.6 23.8 0.4 17.1 0.3 20.9 0.4 24.1 0.3 16.7 1.1 20.6 0.6 23.7 0.6

207 218 1 8.6 52.9 2.8 67.9 1.0 70.1 0.1 43.6 1.5 68.9 0.7 71.0 0.1 48.2 0.6 67.7 2.4 71.3 0.8 50.6 2.0 65.1 2.0 70.3 0.2 48.5 0.5 68.9 0.4 70.4 0.3 48.6 4.5 68.4 0.5 71.1 1.1

207 218 2 8.6 48.4 2.4 64.8 1.6 68.2 0.1 40.7 2.3 66.7 1.5 69.2 0.1 45.6 0.4 65.1 4.2 69.4 0.7 46.5 1.9 63.0 1.8 67.9 0.6 46.6 0.8 66.4 0.6 68.4 0.3 46.1 2.9 65.1 0.4 69.4 0.8

220 237 4 10.3 5.6 0.1 7.1 0.3 16.7 0.2 6.0 0.2 7.7 0.3 17.7 0.6 5.8 0.1 7.3 0.4 19.1 2.4 5.5 0.5 7.0 0.2 16.8 0.4 5.8 0.3 7.8 0.1 17.2 0.3 5.7 0.2 7.6 0.1 18.6 0.2

223 237 3 8.7 6.5 0.2 7.8 0.1 15.5 0.1 6.4 0.1 7.7 0.3 14.9 0.2 6.6 0.1 7.9 0.0 15.7 0.1 6.5 0.3 7.6 0.1 15.5 0.2 6.5 0.3 7.7 0.1 14.8 0.3 6.4 0.1 7.8 0.4 16.1 0.5

238 261 4 13.6 9.7 0.2 13.6 0.1 17.3 0.3 9.1 0.3 14.0 0.4 17.4 0.8 9.5 0.3 13.5 0.5 17.6 0.5 9.3 0.3 13.9 0.1 17.5 0.4 9.4 0.3 14.1 0.1 17.2 0.4 9.5 0.4 13.5 0.2 17.6 0.4

242 261 3 10.3 12.6 0.2 18.1 0.4 22.8 0.1 12.1 0.4 18.3 0.5 23.0 0.5 12.6 0.5 18.3 0.1 23.2 0.3 12.5 0.7 17.8 0.2 22.8 0.3 12.4 0.0 18.3 0.0 22.6 0.2 12.5 0.8 17.8 0.4 23.1 0.5

262 266 1 4.6 2.5 0.3 3.4 0.5 4.2 1.1 2.4 0.5 3.7 0.5 3.8 0.6 2.9 0.7 3.9 0.9 3.5 0.3 2.6 0.6 3.5 0.4 3.4 0.6 2.8 0.3 3.9 0.3 4.0 0.1 2.6 0.5 2.8 0.1 3.7 0.4

262 268 2 10.9 1.2 0.0 1.3 0.1 2.1 0.2 1.3 0.4 1.6 0.5 2.6 0.1 1.8 0.4 2.6 0.1 2.8 0.2 0.9 0.5 1.1 0.6 1.9 0.4 1.4 0.4 2.1 0.4 2.7 0.7 1.4 0.6 2.3 0.8 2.3 0.2

262 272 2 13.0 0.9 0.1 1.7 0.1 7.5 0.1 1.2 0.1 2.2 0.1 7.9 0.1 1.6 0.1 2.9 0.1 8.3 0.2 0.8 0.1 1.8 0.0 7.5 0.1 1.3 0.1 2.3 0.1 7.9 0.1 1.3 0.1 2.6 0.1 8.0 0.1

267 272 1 12.1 1.7 0.2 4.2 0.3 20.4 0.3 2.6 0.2 4.7 0.3 21.0 0.5 2.6 0.4 4.9 0.3 20.5 0.2 1.8 0.1 4.1 0.1 20.2 0.1 2.4 0.3 4.8 0.2 20.7 0.4 2.6 0.3 4.8 0.2 20.5 0.8

273 286 2 9.4 44.1 0.4 51.6 0.5 56.2 0.5 43.9 0.9 52.1 1.1 56.9 1.0 45.3 0.9 51.5 0.3 57.5 0.8 44.1 2.1 50.5 0.4 56.6 0.8 44.6 0.6 51.7 0.4 55.8 0.6 44.6 0.4 50.9 1.3 57.2 0.8

287 291 2 7.0 1.3 0.1 1.5 0.1 1.9 0.2 1.5 0.3 1.4 0.3 1.9 0.2 1.5 0.3 1.9 0.2 2.3 0.8 1.3 0.1 1.5 0.5 1.7 0.3 1.3 0.6 1.8 0.3 2.1 0.2 1.3 0.6 1.3 0.1 2.1 0.2

294 325 4 7.8 72.0 0.5 72.8 0.1 72.6 0.7 70.7 1.5 73.2 1.0 73.1 0.2 72.2 0.2 73.0 0.9 73.0 0.6 71.1 0.7 71.7 0.4 73.1 0.3 72.0 0.9 72.7 0.7 72.4 0.5 71.8 0.6 72.6 1.9 73.2 0.5

294 326 4 8.2 71.8 0.4 72.9 0.2 72.8 0.6 70.5 1.6 73.0 1.1 73.2 0.3 72.1 0.2 73.0 0.7 73.3 0.6 71.0 1.0 71.7 0.3 73.2 0.2 71.8 0.5 72.7 0.6 72.7 0.4 71.6 0.7 72.7 1.9 73.3 0.5

299 325 4 6.2 77.1 0.9 76.6 0.2 77.1 0.8 75.3 1.8 77.6 0.8 77.7 0.3 77.4 0.9 76.9 0.9 77.0 0.4 76.4 0.3 76.5 0.7 77.4 0.2 77.8 0.0 76.7 0.5 77.3 0.8 77.5 0.8 76.5 1.8 77.9 0.3

299 326 4 7.0 76.4 0.7 76.5 0.1 76.7 0.3 75.3 1.6 77.2 0.9 77.3 0.1 77.0 0.7 76.9 1.0 76.8 0.4 75.9 0.7 75.8 0.8 77.1 0.4 76.8 0.5 76.2 0.8 76.9 0.3 76.7 0.4 76.3 1.7 77.1 0.1

327 332 1 5.0 47.9 2.2 65.2 0.9 71.0 1.1 45.4 0.3 67.1 0.6 72.7 0.6 48.2 2.3 65.3 0.7 72.5 0.6 47.1 0.5 65.0 0.4 71.4 1.2 48.3 1.4 64.9 0.3 72.9 1.2 47.0 4.3 63.7 1.3 72.6 0.2

329 333 1 9.0 25.9 0.3 38.7 0.2 44.7 0.3 25.7 0.2 41.7 0.7 46.5 0.5 27.8 0.6 40.8 0.9 47.1 0.8 25.6 1.1 37.9 0.2 44.3 0.5 27.0 0.3 41.2 0.2 46.1 0.6 26.9 1.3 40.5 1.4 46.2 0.7

333 341 2 12.0 28.3 1.2 45.7 0.7 52.8 0.3 19.9 0.0 34.7 0.8 49.3 1.2 19.9 0.5 29.7 0.0 47.2 1.4 27.4 0.7 45.9 0.5 52.6 0.7 19.5 0.0 29.9 0.4 46.3 0.6 19.4 0.4 26.5 0.2 44.9 0.6

334 341 2 9.3 34.5 1.1 54.0 0.1 61.5 0.3 26.1 0.9 41.5 1.1 57.3 1.0 26.2 0.4 36.6 0.3 54.9 0.6 33.9 1.2 53.1 0.3 61.4 0.5 26.0 0.3 36.4 0.3 54.1 0.4 25.4 0.6 33.0 1.1 52.6 0.8

342 349 2 4.5 17.6 1.7 33.2 1.0 54.2 1.4 9.1 0.5 26.7 0.6 48.0 0.7 9.6 0.4 24.3 0.1 44.2 0.6 17.7 0.4 33.9 1.6 55.6 1.1 9.8 1.0 23.5 0.2 46.2 1.0 8.8 1.4 22.6 0.9 43.6 0.4

342 355 3 7.9 15.6 0.6 22.5 0.1 36.4 0.6 12.4 0.3 19.6 0.6 30.9 0.2 12.4 0.0 18.7 0.8 29.1 0.4 15.2 0.8 21.9 0.5 37.4 0.4 12.8 0.4 18.8 0.3 29.3 0.5 11.6 1.0 17.9 0.8 28.4 0.6

346 355 3 6.6 16.5 1.0 18.7 0.2 29.3 0.3 13.6 0.5 17.5 0.6 24.9 0.4 14.2 0.6 17.2 0.9 23.2 0.3 16.2 0.9 19.2 0.9 30.1 0.2 14.7 0.2 17.2 0.3 23.9 0.6 13.8 1.4 16.8 0.8 23.5 0.2

356 369 4 5.3 26.1 1.6 31.4 0.4 33.8 0.2 18.6 0.8 26.0 0.4 33.2 1.4 18.7 1.4 23.3 1.1 29.9 0.4 25.6 0.2 32.9 0.5 34.5 0.5 19.3 0.4 22.9 0.3 30.6 1.0 17.9 1.1 21.8 1.1 28.2 0.1

356 371 4 6.9 19.7 1.4 25.1 0.1 25.8 0.4 14.5 1.0 20.1 0.5 25.3 0.2 14.9 0.7 18.8 0.8 23.7 0.0 19.4 1.1 25.0 1.0 26.4 0.2 14.6 0.1 18.2 0.3 23.3 0.7 13.8 1.0 17.2 1.0 22.1 0.3

356 372 4 9.3 15.4 0.6 20.9 0.3 21.2 0.5 12.1 0.7 16.5 0.7 20.8 0.5 12.0 0.1 15.5 0.0 20.2 0.2 15.7 1.4 19.8 0.4 21.1 0.5 11.8 0.4 15.2 0.2 19.1 0.4 11.0 0.4 14.0 0.7 18.3 0.4

372 380 3 3.5 17.9 0.2 21.5 1.0 36.7 1.4 16.8 0.1 21.6 0.7 29.8 0.8 17.3 1.4 21.9 1.2 27.9 1.2 17.2 0.3 23.3 0.2 38.8 0.4 17.7 0.4 20.6 0.3 28.6 1.6 17.5 0.8 20.4 0.7 28.1 0.4

373 380 2 3.1 19.1 0.3 22.9 1.3 34.9 1.6 18.6 0.4 22.9 0.6 27.7 0.6 18.9 1.3 22.9 1.5 25.6 1.6 18.3 0.5 23.9 0.5 37.7 0.9 19.7 0.5 21.3 0.2 26.2 1.5 18.9 0.6 21.3 0.8 25.7 0.2

373 380 3 3.1 19.1 0.4 22.3 1.2 33.5 1.6 18.2 0.5 21.9 1.3 26.3 1.0 18.5 1.7 22.7 1.9 24.7 1.5 18.4 0.6 23.3 0.8 36.4 0.8 18.3 0.7 20.4 0.2 24.8 1.4 18.5 1.3 20.4 0.3 24.4 0.5

381 398 4 10.9 18.3 0.4 24.1 0.5 27.1 0.2 12.9 0.3 20.4 0.5 26.2 0.4 12.9 0.6 19.8 0.2 26.3 0.3 18.1 0.4 24.1 0.0 26.9 0.5 12.8 0.1 19.7 0.2 25.8 0.2 12.5 1.0 18.8 0.1 25.6 0.4

381 401 4 10.8 21.3 0.4 27.7 0.6 30.8 0.1 17.1 0.4 25.1 0.6 30.2 0.2 17.5 0.5 24.8 0.3 30.5 0.1 21.2 0.4 27.8 0.1 30.6 0.4 17.2 0.1 24.7 0.1 29.8 0.1 17.1 1.0 23.7 0.2 29.9 0.6

402 413 3 8.5 21.1 0.9 25.1 0.1 25.5 0.1 8.7 0.3 21.7 0.6 25.0 0.2 8.2 0.3 18.0 0.1 24.5 0.1 20.4 0.4 24.3 0.2 25.5 0.2 8.0 0.2 17.1 0.1 24.4 0.3 7.4 1.0 13.8 0.8 21.8 0.4

405 413 3 5.9 31.4 2.0 36.1 0.3 37.0 0.6 12.8 0.5 31.6 0.5 36.8 0.6 12.4 0.6 26.1 0.7 35.3 0.3 30.4 0.6 36.8 0.7 37.5 0.2 12.4 0.2 25.1 0.1 36.2 0.8 11.4 1.9 20.3 0.6 32.2 0.2

414 420 1 7.0 76.9 2.5 83.0 0.6 82.7 1.0 20.3 0.9 70.3 1.0 83.2 0.4 11.4 0.5 51.4 0.0 79.2 0.8 74.9 1.0 82.1 1.3 82.9 0.6 10.5 0.2 50.7 0.7 80.6 0.3 5.3 0.9 25.3 0.6 65.0 0.5

414 420 2 7.0 77.0 2.3 83.7 0.2 84.3 0.3 20.9 0.1 71.0 1.1 84.5 0.2 10.5 0.8 51.7 0.1 80.4 0.8 75.2 0.6 82.3 0.9 84.4 0.3 10.4 0.2 51.0 0.7 82.4 0.4 5.0 0.9 25.5 1.2 66.5 0.2

421 435 3 9.1 34.0 0.7 46.6 0.2 50.0 0.1 31.4 0.5 43.6 0.6 47.8 0.3 31.2 0.7 42.4 0.3 47.5 0.2 33.8 0.7 45.8 0.1 50.3 0.5 31.7 0.4 42.7 0.3 47.1 0.5 30.1 1.5 41.2 1.0 46.9 0.4

421 443 4 9.5 42.4 0.6 51.7 0.3 53.5 0.4 41.1 1.6 50.2 0.8 52.2 0.5 41.4 0.8 49.4 0.4 52.2 0.4 41.7 1.2 50.7 0.5 53.3 0.2 42.1 0.6 49.6 0.4 51.5 0.4 40.4 1.0 48.2 1.1 51.9 0.6

435 443 2 5.7 59.9 2.3 68.1 0.8 69.4 0.5 61.6 1.4 68.2 1.0 70.6 0.4 63.0 2.5 68.0 0.9 69.5 0.7 58.7 1.1 68.9 0.5 68.9 1.7 65.1 0.7 67.7 0.7 70.2 1.5 62.7 2.2 66.5 3.1 69.9 0.6

436 443 2 5.1 58.2 2.6 66.4 0.6 66.8 2.4 58.5 1.3 65.9 0.8 68.9 0.7 60.3 2.3 65.0 1.3 66.9 1.4 56.9 0.8 67.5 1.2 68.3 1.9 61.7 0.5 64.8 0.3 67.6 1.3 59.8 2.8 65.3 3.2 68.4 0.4

444 456 2 6.8 0.8 0.1 3.3 0.2 14.5 0.1 4.7 0.0 22.7 0.6 41.4 0.1 4.1 0.2 21.5 0.2 41.2 0.6 0.9 0.3 3.7 0.0 16.9 0.3 4.5 0.1 22.7 0.3 41.9 0.7 3.3 1.2 19.3 1.0 42.3 0.5

457 466 3 5.7 0.9 0.3 1.7 0.0 6.3 0.2 1.2 0.2 2.5 0.1 11.2 0.2 1.6 0.1 3.5 0.3 15.5 0.1 1.2 0.2 2.4 0.3 9.6 0.2 1.3 0.1 3.7 0.1 18.0 0.9 1.3 0.2 3.8 0.3 19.2 0.2

467 476 2 5.6 1.0 0.1 2.7 0.1 13.5 0.0 1.3 0.0 4.9 0.2 22.9 0.7 2.1 0.2 10.2 0.0 33.9 0.3 1.6 0.6 5.4 0.5 24.1 0.5 2.1 0.1 9.8 0.1 35.1 0.5 2.3 0.7 12.6 0.7 41.6 2.6

470 476 2 3.5 3.4 0.5 5.6 0.7 18.9 0.2 3.6 0.1 8.8 0.4 31.5 0.6 4.5 0.4 17.2 1.0 47.3 0.7 3.9 0.7 9.1 0.7 30.5 1.0 4.5 0.2 15.9 0.1 47.8 1.2 5.1 0.7 20.8 0.3 54.3 0.1

477 486 3 6.2 0.5 0.2 1.3 0.1 5.1 0.3 0.5 0.1 1.4 0.2 7.1 0.1 1.0 0.1 2.7 0.0 12.7 0.3 0.7 0.3 1.3 0.2 4.9 0.2 0.9 0.2 2.2 0.2 11.7 0.2 0.9 0.1 3.3 0.3 16.1 0.3

508 520 4 4.8 39.2 2.3 48.7 0.5 50.9 1.1 35.2 1.0 50.8 0.6 51.9 1.4 36.9 2.6 49.6 0.8 50.5 0.9 38.4 0.7 50.2 1.3 51.5 0.4 38.1 1.2 48.4 0.8 51.7 1.7 36.7 2.5 48.5 2.4 52.2 0.2

508 531 5 9.2 11.6 0.6 25.5 0.4 36.9 0.5 10.8 0.4 25.0 1.1 36.7 0.7 10.8 0.2 24.6 0.1 35.8 0.1 11.8 0.9 25.6 0.1 39.3 0.6 11.2 0.6 24.8 0.3 36.6 0.5 10.0 1.3 23.5 1.9 35.7 1.4

522 538 4 6.9 3.0 0.7 8.6 0.3 23.5 0.2 2.6 0.0 8.4 0.4 23.1 0.4 2.7 0.3 8.1 0.3 21.0 0.1 3.0 0.2 10.6 0.3 28.4 0.3 2.6 0.3 8.4 0.1 23.3 0.6 2.2 0.7 7.4 0.8 20.9 0.2

538 549 4 8.1 0.7 0.2 1.7 0.4 9.1 0.2 0.5 0.3 1.9 0.1 9.6 0.2 0.7 0.1 2.3 0.2 11.0 0.3 1.2 0.3 5.4 0.2 22.7 0.1 0.8 0.1 3.3 0.0 16.1 0.4 0.7 0.1 2.5 0.4 13.2 0.7

556 570 4 7.7 1.9 0.2 5.1 0.2 10.6 0.1 1.7 0.1 7.2 0.3 19.5 0.4 2.5 0.1 12.0 0.0 31.7 0.4 2.0 0.2 7.9 0.1 21.4 0.1 2.7 0.0 13.1 0.1 35.9 0.6 2.9 0.6 14.0 1.1 38.1 0.7

556 570 5 7.7 2.3 0.1 5.1 0.5 11.5 0.1 2.2 0.6 7.8 0.1 20.4 0.2 2.8 0.2 12.6 0.5 32.4 0.1 2.2 0.5 8.6 0.5 22.3 0.2 2.8 0.1 13.6 0.2 36.5 0.6 3.2 0.9 14.4 1.2 38.6 0.5

557 570 3 7.2 2.4 0.2 6.3 0.3 11.8 0.3 2.3 0.4 8.6 0.3 20.5 0.3 3.0 0.2 13.4 0.4 32.9 0.3 2.7 0.0 9.1 0.5 21.9 0.2 3.5 0.4 14.3 0.2 36.7 0.7 3.4 0.9 15.4 1.2 39.7 0.8

571 581 4 7.1 0.5 0.4 2.1 0.1 11.3 0.2 0.3 0.0 4.8 0.2 26.3 0.2 0.6 0.2 5.5 0.4 28.2 0.2 0.5 0.4 2.2 0.1 11.5 0.1 0.8 0.3 6.0 0.0 31.6 0.6 0.6 0.3 5.7 0.6 30.7 0.8

582 596 3 7.1 21.9 2.8 44.9 0.3 49.5 0.4 38.8 0.9 50.7 1.2 57.9 0.3 36.2 1.3 49.6 1.2 55.6 0.5 21.2 1.2 45.0 0.9 50.2 0.3 38.2 0.5 49.4 0.9 56.6 0.8 32.8 3.8 48.4 2.6 56.2 0.6

582 596 5 7.0 22.4 2.4 45.8 0.6 50.5 0.7 39.8 1.4 51.7 1.2 58.5 0.4 36.8 1.5 50.6 1.4 56.7 0.2 21.5 1.3 45.6 1.1 50.9 0.1 39.0 0.7 50.0 1.0 57.2 0.8 33.7 3.7 49.0 2.2 57.1 0.5

610 637 4 7.3 17.3 0.9 25.4 0.2 28.8 0.3 11.5 0.1 17.0 0.4 21.2 0.3 12.1 0.4 17.0 0.6 20.0 0.1 16.7 0.8 25.1 0.6 29.2 0.1 12.2 0.2 16.6 0.2 19.9 0.3 11.7 1.2 16.3 0.8 19.6 0.3

638 646 3 4.4 14.8 0.6 15.3 0.4 21.4 0.4 13.1 0.3 16.6 0.5 22.1 0.9 14.5 0.9 16.1 0.3 21.0 0.2 14.8 0.2 17.1 0.5 22.5 0.3 14.5 0.8 15.6 0.3 22.0 1.0 14.3 0.9 15.6 0.3 22.1 0.3

647 656 3 3.6 47.8 0.4 50.4 1.1 54.3 1.2 30.4 0.0 38.8 0.7 53.6 0.4 30.9 1.6 38.7 0.7 52.0 1.4 46.2 0.5 51.9 0.8 56.0 0.5 31.0 1.0 37.5 0.2 52.3 1.4 30.5 1.3 36.9 0.6 51.6 0.0

647 657 3 5.0 38.0 1.5 46.7 0.4 50.3 0.9 22.7 0.6 29.9 0.5 44.3 0.3 23.6 0.8 29.2 0.5 42.5 0.7 37.9 0.0 48.4 0.5 51.3 0.6 23.9 0.7 28.8 0.2 43.0 1.1 23.4 1.1 28.3 1.0 42.6 0.2

661 666 1 5.4 7.7 0.9 19.2 2.3 37.1 0.5 8.1 0.1 17.3 0.4 36.7 1.3 9.0 0.8 17.2 2.2 35.1 1.8 8.5 0.8 19.4 0.7 37.7 1.1 8.6 2.1 18.0 0.0 37.9 0.1 8.4 1.3 16.0 0.1 37.0 0.7

661 680 4 7.3 19.6 0.7 27.7 0.3 33.1 0.1 12.7 0.1 23.6 0.3 31.4 0.2 13.5 0.2 23.6 0.3 30.1 0.0 19.1 0.5 27.5 0.5 33.6 0.1 13.3 0.1 23.3 0.2 29.8 0.4 13.0 0.9 22.6 0.7 28.9 0.2

661 687 4 10.4 15.2 0.4 24.0 0.5 34.1 0.1 15.1 0.3 28.3 0.5 36.6 0.4 15.6 0.4 27.8 0.2 36.2 0.6 15.0 0.4 24.3 0.2 34.3 0.3 15.6 0.0 28.1 0.2 35.5 0.3 15.3 1.0 27.0 0.6 35.3 0.6

681 687 2 10.6 21.7 0.4 36.8 0.6 56.2 0.0 40.0 1.3 62.4 0.9 69.9 0.1 40.8 1.3 62.4 0.6 70.5 0.6 21.5 0.3 37.7 0.3 55.9 0.6 41.5 0.8 62.6 0.2 69.2 0.3 40.8 1.3 61.5 1.8 69.3 0.3

694 703 3 8.4 2.8 0.2 6.2 0.1 8.2 0.3 4.1 0.3 5.9 0.2 7.0 0.0 4.4 0.1 6.0 0.3 7.3 0.1 2.6 0.2 5.8 0.1 8.4 0.2 4.4 0.2 5.9 0.1 6.9 0.2 4.2 0.4 6.0 0.4 7.2 0.3

697 703 2 5.0 5.1 0.6 10.8 0.1 14.5 0.6 7.4 0.3 11.0 0.2 13.2 0.5 8.1 0.5 10.8 0.5 12.6 0.2 5.0 0.2 11.7 0.3 15.4 0.2 8.4 0.2 10.4 0.1 12.8 0.9 8.3 1.0 10.6 0.6 13.4 0.2

704 710 2 5.1 18.3 0.9 30.9 0.1 32.5 0.7 2.1 0.1 9.4 0.2 17.2 0.1 2.2 0.3 7.6 0.2 16.1 0.1 18.1 0.1 31.6 0.3 33.2 0.4 2.2 0.2 7.3 0.1 16.2 0.6 1.9 0.3 5.7 0.0 15.5 0.1

704 711 2 4.1 19.1 0.7 37.0 0.4 39.5 0.7 6.5 0.3 20.7 0.1 27.7 0.2 6.4 0.8 18.7 0.8 26.4 0.8 18.4 0.5 38.1 0.3 40.7 0.2 6.9 0.3 18.4 0.2 26.8 0.6 5.7 0.8 16.6 0.1 26.3 0.3

711 719 2 11.0 2.2 0.0 4.8 0.4 13.9 0.1 2.6 0.1 5.9 0.1 14.7 0.2 2.7 0.1 5.8 0.1 14.0 0.1 2.2 0.1 4.9 0.2 13.9 0.1 2.5 0.1 6.4 0.1 14.5 0.3 2.4 0.3 5.4 0.3 13.9 0.2

711 724 3 8.6 29.7 0.2 37.0 0.1 43.0 0.3 28.8 0.5 37.0 0.5 43.5 0.4 28.8 0.2 36.4 0.4 43.3 0.6 29.3 0.7 36.3 0.3 43.3 0.4 29.2 0.4 37.2 0.2 43.2 0.3 28.1 0.6 35.3 1.2 43.0 0.5

p85α WT Basal WT pY WT Membrane + pY G124D Basal G124D pY G124D Membrane + pY
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Figure A1.2 cont.: All HDX p110δ and p85 peptide data for experiments examining 

conformational changes in APDS1 mutations under basal, pY-activated, and 

membrane-bound states. 

 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

8 13 2 7.6 3.0 0.2 4.9 0.0 14.4 0.6 3.3 0.2 5.6 0.3 14.5 0.6 3.0 0.2 5.8 0.1 13.9 0.7 3.4 0.3 6.3 1.0 14.8 1.2 3.4 0.1 5.6 0.2 14.9 0.3 3.5 0.5 6.1 0.9 13.9 0.2

14 21 3 3.0 27.0 0.5 37.0 0.6 37.6 0.6 27.8 1.3 39.2 0.2 38.6 2.5 25.2 1.6 37.8 1.5 38.1 1.5 28.8 1.6 36.3 1.2 38.9 1.3 28.6 0.4 35.5 1.0 40.3 1.1 25.7 1.3 37.9 3.5 37.9 0.0

22 30 2 12.6 1.7 0.0 6.3 0.2 11.7 0.5 2.7 0.4 6.4 0.0 11.5 0.5 2.9 0.7 7.0 0.0 11.7 0.2 1.8 0.1 6.2 0.5 11.6 0.7 2.6 0.2 6.3 0.1 11.9 0.5 3.0 0.5 7.0 0.1 11.8 0.2

25 37 3 9.7 24.2 0.4 24.8 0.4 25.5 0.3 24.6 0.3 24.7 0.3 26.0 0.5 23.7 0.0 24.1 2.4 25.3 0.2 24.0 0.4 25.1 0.5 25.5 0.5 25.1 0.5 24.8 0.4 25.9 0.4 23.8 0.3 24.5 0.5 25.4 0.3

38 52 2 8.5 36.6 2.3 54.5 1.3 59.5 1.0 33.3 1.7 56.5 1.2 60.0 0.8 33.2 0.7 54.5 0.8 60.3 0.3 35.9 1.0 54.2 1.9 58.8 0.6 34.6 2.3 55.8 1.1 59.1 0.6 32.8 0.3 54.2 0.3 59.5 0.8

53 60 1 11.8 9.0 0.5 21.8 0.2 25.2 0.5 8.6 0.0 21.5 0.1 24.7 0.4 8.0 0.2 21.5 0.7 24.3 0.0 9.0 0.4 22.1 0.5 25.1 0.5 9.5 0.6 21.6 0.4 24.5 0.6 8.0 0.4 21.7 0.5 24.4 0.3

53 73 3 11.9 5.7 0.5 15.1 0.4 21.1 0.4 5.7 0.2 15.4 0.0 20.9 0.7 5.2 0.2 15.2 0.3 21.0 0.3 5.5 0.2 14.4 0.6 20.8 0.6 6.1 0.5 15.1 0.2 20.8 0.3 5.2 0.2 15.3 0.1 21.0 0.1

59 72 2 7.7 6.5 0.9 16.3 0.3 24.8 0.6 6.3 0.2 17.1 0.3 24.6 0.6 5.9 0.2 17.1 0.3 24.8 0.6 6.4 0.3 17.1 0.8 25.0 0.9 6.9 0.7 17.2 0.1 25.0 0.4 6.1 0.2 17.6 0.5 25.0 0.1

73 106 5 6.5 50.9 0.7 54.3 0.4 55.9 0.8 50.7 0.4 55.1 0.5 56.0 0.9 51.5 0.7 55.2 1.6 56.1 0.6 52.0 0.9 57.0 1.3 57.0 1.6 52.1 0.7 55.4 0.4 57.9 0.1 52.4 1.1 56.3 1.8 56.6 0.4

74 107 5 6.1 52.3 0.6 55.5 0.2 57.2 1.0 52.0 0.3 56.3 0.7 57.4 1.3 52.7 0.7 56.5 1.6 57.1 0.9 52.1 0.9 56.5 1.3 56.5 1.1 52.1 0.7 55.0 0.4 57.4 0.1 51.8 1.2 55.3 2.1 55.9 0.8

77 106 5 5.3 58.5 0.9 59.6 0.6 59.9 0.8 58.4 0.4 59.8 0.4 59.9 1.5 59.6 0.4 60.0 1.9 59.9 0.6 58.2 0.7 60.1 1.2 59.1 1.1 58.4 0.3 58.3 0.1 60.2 0.6 58.2 0.8 59.6 2.4 58.9 0.7

77 107 5 5.3 58.0 0.6 59.1 0.6 59.2 0.8 57.8 0.8 59.4 0.6 59.3 1.5 59.2 0.5 59.7 1.6 59.6 0.8 57.7 0.8 59.7 1.1 58.7 1.1 58.0 0.5 57.8 0.2 59.7 0.6 57.9 1.0 59.1 2.4 58.5 0.6

113 118 1 11.9 22.3 1.9 59.0 0.3 71.7 0.9 20.2 0.4 58.1 0.3 70.5 0.2 18.8 0.2 56.1 0.3 70.1 0.0 22.3 1.0 58.2 1.2 70.2 0.6 22.8 2.0 57.4 0.5 69.3 0.4 18.8 0.5 55.2 0.8 69.4 0.1

119 132 2 12.6 11.4 0.9 24.7 0.2 34.7 0.4 10.9 0.2 25.2 0.2 34.5 0.4 10.2 0.2 24.9 0.6 34.1 0.4 11.2 0.2 25.0 0.5 34.6 0.6 11.8 1.0 25.2 0.1 34.7 0.4 9.9 0.3 25.1 0.8 34.2 0.0

122 132 2 12.6 12.3 0.3 26.0 0.3 38.1 0.9 15.4 0.2 27.1 0.1 39.8 1.6 14.7 1.4 26.2 2.6 40.2 2.4 13.2 0.7 25.4 0.6 37.6 1.1 16.1 0.6 28.3 1.9 39.7 2.1 13.7 1.1 27.1 0.2 38.6 1.4

133 138 2 7.3 1.3 0.2 1.2 0.2 1.7 0.2 1.5 0.1 1.5 0.2 2.0 0.3 1.8 0.1 2.2 0.2 2.2 0.4 1.2 0.3 1.8 0.3 2.2 0.5 1.6 0.1 2.1 0.0 2.2 0.2 1.9 0.2 2.4 0.9 2.3 0.2

139 146 3 4.9 18.6 0.4 45.3 0.5 58.8 1.1 17.8 0.4 45.2 0.2 58.3 1.3 18.2 0.2 44.9 1.7 57.9 1.4 18.0 0.2 44.9 1.4 57.5 1.5 18.2 0.8 43.0 0.5 58.6 0.3 17.8 0.6 44.5 2.3 57.3 0.5

149 158 2 6.3 52.8 0.8 55.5 0.6 63.3 1.5 53.5 0.2 58.4 1.0 64.1 1.7 54.4 0.5 57.9 2.9 63.5 0.9 52.9 1.1 59.0 2.6 63.5 1.8 54.9 0.7 57.4 0.7 64.4 0.5 54.8 0.7 58.5 2.2 62.6 1.2

150 157 2 3.2 66.3 3.0 67.3 1.9 68.6 1.2 68.4 1.9 72.1 1.0 70.7 2.2 67.9 1.7 69.6 2.9 69.4 1.1 68.1 0.7 66.1 0.2 69.2 1.4 68.5 0.5 66.7 1.2 71.6 1.3 68.2 1.0 70.2 3.8 68.5 2.4

150 160 2 5.2 56.3 0.8 63.3 0.2 65.4 1.1 56.1 1.2 65.9 0.8 66.5 2.3 57.3 1.0 65.3 2.8 66.7 1.3 55.3 0.9 64.4 3.3 64.9 1.9 57.2 0.8 63.4 1.0 67.0 0.3 56.4 0.6 65.2 2.6 65.3 0.9

168 173 1 4.7 77.3 1.4 77.2 0.4 78.6 0.5 76.9 1.2 78.7 0.0 79.5 1.4 77.6 0.2 78.1 2.2 79.0 1.1 78.3 0.5 77.6 1.3 78.7 0.7 77.0 0.4 77.7 0.4 80.5 0.7 77.6 1.7 78.4 2.5 79.9 0.5

177 185 2 9.2 10.4 0.4 12.4 0.1 14.1 0.5 10.3 0.2 12.7 0.1 14.5 0.0 10.4 0.2 12.9 0.4 14.6 0.5 10.3 0.1 12.9 0.8 14.7 1.0 10.7 0.3 13.0 0.2 14.7 0.6 10.5 0.2 13.6 1.2 14.8 0.3

177 186 2 11.9 8.3 0.1 10.3 0.1 12.1 0.4 8.6 0.2 10.7 0.1 12.6 0.3 8.8 0.2 11.2 0.6 12.7 0.2 8.5 0.3 10.9 0.9 12.2 0.8 8.9 0.1 11.3 0.1 12.4 0.2 8.5 0.0 11.7 0.7 12.7 0.2

186 202 3 11.8 10.9 0.2 13.0 0.2 15.9 0.4 11.0 0.1 13.2 0.2 15.8 0.4 10.7 0.0 13.1 0.3 15.5 0.5 10.8 0.2 12.8 0.3 15.7 0.3 11.3 0.3 13.3 0.2 16.0 0.3 10.5 0.1 13.0 0.1 15.8 0.1

186 203 3 12.3 10.0 0.2 12.1 0.2 15.5 0.6 10.1 0.1 12.3 0.3 15.2 0.5 9.8 0.0 12.2 0.3 14.9 0.6 10.0 0.2 12.0 0.4 15.3 0.6 10.4 0.3 12.4 0.3 15.5 0.4 9.6 0.1 12.1 0.2 15.3 0.2

191 202 2 11.4 17.1 0.3 20.3 0.7 24.4 0.5 17.3 0.1 20.8 0.1 24.6 0.1 16.6 0.5 20.3 1.2 24.1 0.7 17.0 0.3 20.4 0.3 24.7 0.4 18.1 0.8 21.7 0.1 25.0 0.0 17.0 0.3 20.8 0.3 24.6 0.3

207 218 1 8.6 51.8 3.2 66.0 1.8 70.1 0.9 45.7 3.3 69.0 0.9 70.8 0.9 48.1 1.5 69.1 0.7 71.2 0.5 51.0 1.6 66.5 2.8 69.3 0.9 48.0 3.5 68.6 0.9 70.3 0.5 48.5 0.8 69.2 0.3 70.5 0.5

207 218 2 8.6 47.4 2.9 63.9 1.3 68.1 0.9 43.5 3.9 66.0 0.9 69.2 1.1 46.0 1.1 67.5 1.0 69.6 0.4 47.7 1.5 64.2 1.6 67.0 1.9 46.6 3.3 66.6 1.8 68.7 1.0 47.0 1.0 67.5 1.5 69.3 0.4

220 237 4 10.3 5.6 0.1 6.9 0.1 17.1 0.9 6.0 0.1 7.3 0.3 18.1 0.2 5.6 0.1 7.2 0.5 18.3 0.5 5.6 0.2 6.8 0.5 17.3 0.6 6.2 0.2 8.1 0.1 18.1 0.3 5.9 0.2 7.7 0.2 19.6 0.9

223 237 3 8.7 6.6 0.2 7.6 0.1 15.8 0.5 6.5 0.1 7.7 0.3 15.5 0.4 6.7 0.1 7.8 0.5 16.0 0.2 6.7 0.1 7.8 0.5 15.9 0.6 6.8 0.1 7.8 0.2 15.5 0.4 7.0 0.1 8.2 0.3 16.3 0.3

238 261 4 13.6 9.4 0.1 13.7 0.1 17.6 0.3 9.3 0.1 13.8 0.1 17.8 0.4 9.2 0.4 13.7 0.6 17.5 0.2 9.4 0.2 13.5 0.2 17.7 0.5 9.4 0.0 13.7 0.6 17.4 0.1 9.2 0.2 14.2 0.2 17.8 0.2

242 261 3 10.3 12.9 0.5 17.8 0.3 23.0 0.5 12.4 0.3 17.9 0.2 23.3 0.2 12.5 0.4 18.1 1.1 23.3 0.2 12.6 0.7 17.6 0.5 22.8 0.4 12.9 0.6 18.1 0.2 22.7 0.2 12.5 0.4 18.3 0.4 22.8 0.3

262 266 1 4.6 2.1 0.1 3.1 0.7 3.5 0.7 2.7 0.4 3.7 0.7 4.1 0.3 2.4 0.1 3.6 0.2 3.7 0.5 2.5 0.2 4.1 0.1 4.4 0.8 2.6 1.0 3.9 0.1 4.5 0.4 2.5 0.7 3.9 0.7 3.8 0.3

262 268 2 10.9 0.7 0.0 0.9 0.8 1.7 0.6 1.4 0.4 1.3 0.8 2.1 0.6 1.2 0.4 2.5 0.4 2.5 0.5 0.9 0.3 1.9 0.6 2.5 1.9 1.6 0.3 2.1 0.9 2.5 0.4 1.6 0.5 2.5 1.1 2.4 0.2

262 272 2 13.0 0.7 0.0 1.8 0.0 7.7 0.0 1.2 0.1 2.3 0.2 8.1 0.2 1.3 0.0 2.6 0.0 8.1 0.1 1.3 0.1 2.6 0.9 8.1 0.1 1.6 0.1 2.6 0.1 8.5 0.2 1.6 0.1 3.0 0.1 8.4 0.1

267 272 1 12.1 1.9 0.2 4.5 0.1 21.2 0.5 2.6 0.2 5.0 0.2 21.6 0.6 2.6 0.2 5.6 0.7 20.7 0.5 4.1 0.5 6.8 1.2 23.9 1.6 3.6 0.2 6.1 0.7 22.7 0.5 3.6 0.1 6.0 0.5 21.9 0.2

273 286 2 9.4 44.8 0.7 50.4 0.7 56.7 1.0 44.8 0.5 51.4 0.6 57.3 0.6 45.5 0.5 51.2 2.2 57.9 0.4 44.4 0.5 50.3 2.3 56.2 1.0 45.2 0.8 51.3 1.0 56.5 0.7 45.1 0.7 51.8 0.8 56.8 0.8

287 291 2 7.0 1.2 0.4 1.0 0.0 1.6 0.2 1.3 0.1 1.4 0.1 1.8 0.3 1.5 0.2 1.8 0.3 2.2 0.3 1.2 0.4 1.8 0.7 2.1 0.9 1.1 0.1 1.5 0.3 2.3 0.4 1.5 0.4 2.0 0.5 2.2 0.2

294 325 4 7.8 71.6 0.9 71.6 0.4 73.1 1.0 72.0 0.5 72.9 0.6 73.3 0.8 72.8 1.0 73.2 1.4 73.4 0.4 71.3 0.9 72.6 1.7 72.1 0.5 72.1 0.4 72.4 0.1 72.6 0.4 72.2 0.5 72.7 0.8 72.6 0.5

294 326 4 8.2 71.9 0.3 71.7 0.4 73.2 0.9 71.7 0.2 72.7 0.7 73.3 0.6 72.7 1.3 73.3 1.5 73.6 0.4 71.6 0.2 72.5 1.5 72.3 0.6 72.1 0.3 72.3 0.5 72.8 0.4 72.3 0.9 73.0 0.9 72.9 0.7

299 325 4 6.2 76.5 0.2 76.4 0.3 77.4 0.9 76.9 0.1 77.4 0.2 77.4 0.6 77.8 0.6 77.8 1.5 77.6 0.3 76.4 0.7 77.7 0.9 76.7 0.6 76.9 0.4 76.7 0.0 77.6 0.2 77.2 0.9 77.2 1.5 76.9 0.6

299 326 4 7.0 75.9 0.0 75.5 0.5 76.9 0.8 76.4 0.4 76.6 0.7 76.9 1.1 77.4 0.6 77.0 1.7 77.2 0.2 75.6 0.6 76.3 1.2 76.0 0.8 75.8 0.2 75.2 0.6 76.2 0.1 76.1 0.7 76.3 1.1 75.9 0.9

327 332 1 5.0 49.0 0.9 66.4 1.5 71.5 0.8 49.0 1.6 68.0 0.9 71.8 1.2 48.0 0.9 67.3 3.1 71.6 1.7 47.8 0.3 67.1 0.5 71.6 0.6 51.0 2.0 67.8 0.7 73.6 0.7 48.9 0.3 67.5 0.7 71.5 0.6

329 333 1 9.0 26.3 0.7 38.7 0.5 44.5 1.1 27.2 0.4 41.7 0.2 46.7 1.2 27.7 0.3 41.5 1.0 46.4 0.2 25.9 0.6 38.2 0.4 44.9 1.3 27.4 0.4 41.8 0.8 46.3 1.0 28.0 0.6 41.3 1.3 46.7 1.0

333 341 2 12.0 28.4 0.7 45.8 0.6 53.2 0.5 19.7 0.3 29.8 0.1 47.2 0.4 19.5 0.3 27.6 0.9 45.8 0.6 27.9 0.8 45.6 0.4 52.6 0.6 20.6 0.6 32.8 1.0 48.1 0.1 19.3 0.3 27.5 0.4 45.5 0.5

334 341 2 9.3 34.9 1.8 52.7 0.4 61.5 1.2 26.1 0.4 36.4 0.5 54.7 0.8 26.2 0.7 34.3 1.6 53.4 0.6 34.2 0.8 52.3 0.7 60.6 0.6 27.1 0.6 38.9 0.8 56.1 0.8 26.1 0.5 34.3 1.1 52.5 0.5

342 349 2 4.5 17.5 0.8 35.4 0.2 57.8 0.8 9.6 0.3 26.1 0.2 47.6 1.3 8.7 0.7 23.7 1.0 43.6 1.6 21.9 1.2 37.4 1.0 57.5 0.8 11.8 1.2 26.9 0.9 52.2 1.2 10.7 1.6 26.3 2.5 45.4 0.7

342 355 3 7.9 15.3 1.1 21.6 0.3 39.0 0.7 12.4 0.3 19.0 0.7 31.1 0.8 11.9 0.4 18.3 0.8 29.2 0.4 15.5 0.6 22.7 1.3 37.1 0.7 13.2 0.6 19.1 0.4 31.5 0.4 11.9 0.2 18.6 0.8 28.6 0.4

346 355 3 6.6 15.8 0.6 18.2 0.2 31.3 0.9 14.1 0.2 17.9 0.7 25.0 0.6 13.7 0.4 17.1 1.2 23.2 0.8 15.9 0.7 20.3 0.8 29.8 1.2 15.2 0.9 17.5 0.1 26.4 0.4 13.6 0.5 18.3 1.4 23.3 0.3

356 369 4 5.3 25.3 0.3 31.7 0.7 33.4 0.9 17.0 0.7 22.9 1.0 27.8 1.6 17.9 0.3 22.6 1.9 27.2 1.0 25.3 0.8 33.9 2.2 34.0 1.8 19.8 0.6 24.3 0.1 33.3 0.6 17.3 1.1 23.1 1.7 27.8 1.1

356 371 4 6.9 19.0 1.1 23.7 0.2 26.6 0.7 13.6 0.4 17.6 0.7 21.8 0.9 13.7 0.5 17.5 1.2 21.6 0.3 18.9 0.8 25.7 1.4 25.8 1.0 15.2 0.6 19.1 0.5 25.2 0.0 14.0 0.4 18.1 1.1 21.3 0.6

356 372 4 9.3 16.0 1.0 20.0 0.3 21.7 0.8 11.4 0.3 14.1 0.4 18.2 0.1 11.5 0.6 14.3 1.3 18.4 0.1 15.6 0.4 20.0 1.1 21.2 0.8 12.8 0.6 15.9 0.4 20.5 0.6 11.6 0.5 15.0 0.9 18.3 0.5

372 380 3 3.5 28.3 0.8 37.4 0.4 43.6 1.0 17.2 1.2 22.6 0.1 28.5 1.6 17.1 0.6 21.6 1.9 27.2 0.9 17.8 0.5 22.7 1.5 38.3 1.7 17.3 0.4 19.7 0.9 29.6 1.2 16.9 0.5 21.5 2.4 26.7 0.3

373 380 2 3.1 30.0 1.4 39.0 0.9 41.2 1.4 19.0 1.0 23.6 0.4 25.6 2.2 17.7 1.3 22.6 1.7 24.6 0.6 19.3 0.5 23.1 0.7 36.5 0.9 19.3 0.2 20.7 1.9 27.0 1.0 18.8 0.9 22.3 2.2 24.3 0.7

373 380 3 3.1 30.1 1.6 38.4 0.6 40.9 1.2 18.4 1.1 22.9 0.1 24.2 2.0 17.8 0.9 21.9 2.2 23.3 0.5 19.0 0.7 22.1 0.7 35.6 1.5 18.6 0.2 19.4 1.0 25.6 1.1 18.1 0.7 21.4 2.9 22.7 0.3

381 398 4 10.9 20.3 0.4 24.7 0.1 27.2 0.4 12.5 0.3 19.2 0.1 26.0 0.3 12.4 0.2 19.2 0.7 25.8 0.1 18.2 0.4 24.0 0.3 27.2 0.6 13.8 0.6 20.3 0.4 26.2 0.3 12.3 0.2 19.6 0.4 25.9 0.3

381 401 4 10.8 23.1 0.4 28.2 0.1 30.9 0.5 17.0 0.3 24.2 0.0 30.0 0.6 17.2 0.2 24.5 0.3 30.3 0.2 21.3 0.4 27.3 0.3 30.7 1.0 18.0 0.6 25.0 0.2 30.1 0.5 17.0 0.3 24.7 0.2 30.2 0.1

402 413 3 8.5 22.9 0.4 24.6 0.3 26.0 0.5 7.3 0.2 14.1 0.4 22.3 0.3 7.2 0.2 13.8 0.8 21.5 0.2 20.8 0.5 25.0 0.6 25.5 0.5 9.6 0.9 20.7 0.6 25.2 0.4 7.5 0.2 14.7 0.7 21.9 0.3

405 413 3 5.9 33.4 0.5 35.8 0.2 37.6 0.5 10.9 0.2 21.1 0.5 32.5 0.8 10.8 0.2 20.5 1.3 31.3 0.6 30.3 0.7 37.3 1.0 37.1 1.2 14.0 1.1 29.6 0.6 37.3 0.3 11.1 0.4 21.6 1.5 31.6 0.4

414 420 1 7.0 81.6 0.3 82.0 0.8 82.9 0.1 5.6 0.3 29.6 0.2 67.1 0.9 5.3 0.1 26.1 0.4 63.1 0.8 75.8 0.8 83.4 0.3 82.5 0.2 21.3 2.5 66.4 1.2 82.4 0.3 6.2 0.3 28.5 1.2 65.8 0.5

414 420 2 7.0 82.1 0.3 82.4 0.2 83.9 0.5 5.3 0.3 29.6 0.1 68.6 0.8 4.7 0.1 26.0 1.3 64.4 0.7 76.6 1.2 84.0 0.7 83.6 0.6 21.7 2.0 66.6 1.6 83.7 0.3 5.6 0.4 28.7 1.3 66.5 0.7

421 435 3 9.1 38.9 1.6 47.2 0.1 54.5 0.7 32.2 0.5 42.4 0.3 47.2 0.4 30.6 0.3 41.8 0.9 47.0 0.4 33.8 0.3 45.7 1.1 49.8 0.7 32.7 1.0 42.8 0.7 47.1 0.3 30.0 0.2 41.8 1.0 46.2 0.4

421 443 4 9.5 45.8 1.1 51.8 0.3 56.5 1.1 42.5 0.9 49.4 0.2 52.0 0.4 41.6 0.3 49.3 1.7 52.3 0.4 43.2 0.4 50.7 0.5 53.2 0.8 43.6 1.1 49.5 0.5 51.5 0.4 41.6 0.3 49.2 1.3 51.6 0.4

435 443 2 5.7 61.2 0.0 66.9 1.7 68.0 0.9 63.7 1.1 68.9 0.7 69.5 1.5 61.8 1.0 67.5 4.6 68.7 1.9 59.6 1.2 68.9 1.3 69.4 2.9 63.8 1.2 67.0 0.9 70.7 0.4 61.7 1.2 68.2 4.2 68.6 1.9

436 443 2 5.1 58.9 0.4 67.4 0.8 67.7 1.1 60.3 1.1 66.3 0.7 67.9 1.7 59.7 0.3 66.0 4.4 66.9 1.2 58.8 1.3 68.8 0.9 67.3 1.3 62.2 1.3 65.9 0.9 68.7 0.9 59.7 2.0 65.8 3.7 66.7 0.9

444 456 2 6.8 1.4 0.1 7.5 0.3 23.6 0.4 4.8 0.3 23.3 0.5 42.3 1.3 3.4 0.3 21.0 0.5 42.1 0.6 1.3 0.2 4.1 0.3 17.2 1.2 5.5 0.6 22.1 1.3 42.1 0.3 3.4 0.1 20.0 0.9 41.0 0.7

457 466 3 5.7 1.1 0.1 2.0 0.1 8.1 0.4 1.2 0.0 2.9 0.3 12.4 0.5 1.5 0.1 3.8 0.3 16.8 0.7 1.4 0.1 2.9 0.7 7.9 1.8 1.6 0.2 3.1 0.3 12.7 0.1 1.9 0.2 4.7 1.0 17.9 0.4

467 476 2 5.6 1.2 0.0 3.5 0.1 18.7 0.8 1.6 0.2 6.0 0.3 25.4 1.0 2.3 0.5 11.4 0.4 36.1 0.9 1.4 0.3 4.2 1.2 17.8 1.8 2.0 0.2 5.6 0.1 25.9 0.6 3.0 0.2 13.3 1.1 39.4 0.1

470 476 2 3.5 3.1 0.5 7.1 0.1 25.7 0.4 3.8 0.4 10.1 0.4 34.5 1.2 4.8 0.1 18.5 1.3 48.8 1.2 3.5 0.6 6.7 1.5 23.9 2.2 3.5 0.2 8.9 0.5 33.9 0.6 4.9 0.2 20.8 2.2 52.5 0.5

477 486 3 6.2 0.6 0.1 1.7 0.3 7.0 0.3 0.6 0.1 1.9 0.0 8.6 0.3 0.9 0.2 3.2 0.1 14.3 0.8 1.0 0.3 2.1 0.6 7.4 1.6 0.9 0.0 1.8 0.1 8.8 0.2 1.2 0.2 3.9 1.0 16.0 0.3

508 520 4 4.8 38.9 1.2 51.0 0.8 50.4 0.8 37.2 1.1 50.8 0.7 50.8 2.3 36.5 0.6 49.8 4.3 50.3 1.9 38.6 0.5 50.5 1.2 50.5 2.3 37.0 1.1 47.7 1.3 51.9 0.6 35.1 1.3 49.4 4.4 49.6 0.8

508 531 5 9.2 12.4 0.9 24.6 0.3 36.7 1.4 11.6 0.4 24.7 0.8 37.3 0.7 11.2 0.6 25.2 3.0 36.8 0.4 11.1 0.5 24.2 2.4 36.5 1.6 11.6 0.8 23.9 0.8 36.3 0.9 10.2 0.3 24.4 2.3 35.3 0.9

522 538 4 6.9 3.5 0.1 8.4 0.3 24.1 0.7 2.8 0.1 8.8 0.1 23.6 0.8 2.7 0.1 8.4 0.6 21.5 0.8 2.7 0.2 8.3 0.1 21.1 0.0 3.0 0.4 7.6 0.1 21.8 0.4 2.3 0.2 7.4 0.4 18.5 0.7

538 549 4 8.1 0.7 0.1 2.0 0.1 11.1 0.5 0.7 0.1 2.1 0.3 11.1 0.4 0.7 0.0 2.5 0.3 12.3 0.3 1.0 0.2 2.6 0.7 12.0 1.3 1.1 0.1 2.4 0.2 11.8 0.1 0.9 0.2 3.0 0.5 13.2 0.2

556 570 4 7.7 1.9 0.3 6.0 0.0 14.6 0.5 1.7 0.1 7.9 0.4 21.9 0.5 2.5 0.2 12.6 0.8 33.8 0.5 1.8 0.1 5.6 0.3 12.2 0.8 2.0 0.2 7.9 0.1 21.8 0.3 2.7 0.2 13.7 0.8 36.9 0.3

556 570 5 7.7 2.1 0.1 6.6 0.0 15.2 0.8 1.8 0.2 8.2 0.4 22.6 0.7 2.8 0.2 12.9 0.9 34.6 0.6 1.9 0.2 6.2 1.1 12.8 1.2 2.2 0.2 8.1 0.1 22.5 0.3 3.3 0.2 14.1 0.6 37.2 0.7

557 570 3 7.2 2.8 0.2 7.3 0.2 15.5 0.8 2.4 0.2 9.3 0.5 23.0 0.6 3.0 0.5 14.2 1.1 34.9 0.6 3.0 0.3 7.3 0.6 14.7 1.1 2.8 0.3 9.6 0.3 23.2 0.4 3.5 0.3 15.8 1.1 38.6 0.6

571 581 4 7.1 0.4 0.0 2.5 0.1 15.2 0.4 0.5 0.2 5.1 0.3 28.0 0.8 0.5 0.3 5.9 0.8 28.8 0.7 0.5 0.3 2.4 0.4 11.9 1.4 0.5 0.1 4.4 0.5 27.0 0.3 0.5 0.2 5.8 0.8 29.7 0.4

582 596 3 7.1 22.9 1.8 44.9 0.1 50.6 0.6 40.4 0.7 50.2 1.0 57.6 1.5 34.4 1.1 49.3 3.2 56.0 1.1 22.7 1.5 46.2 1.0 48.1 1.4 39.8 1.5 48.5 0.9 56.6 0.2 32.0 0.6 48.7 2.9 53.7 1.0

582 596 5 7.0 23.2 2.0 45.7 0.2 51.7 0.9 41.0 0.5 51.2 1.0 58.7 1.4 35.3 1.2 50.2 3.0 57.0 0.8 23.0 1.0 47.4 1.0 49.8 1.4 40.8 1.6 49.6 0.6 58.0 0.2 33.2 0.3 49.8 2.2 55.5 0.8

610 637 4 7.3 16.8 1.0 24.6 0.2 29.1 0.5 11.9 0.2 16.7 0.5 20.2 0.7 11.9 0.5 16.7 0.8 19.5 0.2 16.4 0.8 25.7 1.1 28.5 0.5 12.2 0.5 16.3 0.3 20.7 0.1 11.7 0.4 16.6 0.9 19.1 0.3

638 646 3 4.4 14.3 0.6 16.7 0.0 22.6 0.5 13.6 0.6 16.6 0.4 21.3 1.4 14.0 0.4 16.6 1.5 20.8 1.3 14.4 1.0 16.9 1.2 22.3 1.9 13.7 0.4 15.2 0.2 22.6 0.5 13.6 0.6 16.5 2.5 20.6 0.3

647 656 3 3.6 46.6 1.7 52.1 0.6 55.8 0.8 30.6 1.0 40.4 0.1 52.0 2.0 30.4 0.4 38.6 1.7 50.5 1.1 47.1 0.6 51.9 2.4 55.5 1.7 31.1 0.4 36.9 0.8 53.2 0.8 30.1 0.8 38.1 2.6 50.4 0.4

647 657 3 5.0 38.0 0.9 47.4 0.4 50.8 0.8 23.0 0.3 30.7 0.3 43.0 1.6 23.3 0.3 29.6 1.8 41.8 0.8 37.4 0.4 47.9 1.6 50.3 1.7 23.3 0.4 28.0 0.9 44.1 0.4 22.9 0.5 29.2 1.9 41.5 0.6

661 666 1 5.4 8.2 0.7 18.6 1.5 37.7 1.3 8.3 0.2 17.5 0.7 36.3 2.1 8.4 0.5 17.3 0.3 35.9 2.6 8.6 0.5 23.8 3.0 38.9 3.0 9.2 1.1 21.9 0.9 39.8 0.9 9.5 0.8 19.7 3.1 37.6 1.0

661 680 4 7.3 19.1 0.8 26.9 0.1 33.6 0.7 13.1 0.1 23.1 0.5 29.9 0.7 12.9 0.3 23.1 0.9 29.1 0.3 19.1 0.6 28.2 1.2 33.5 1.1 13.6 0.5 23.3 0.5 31.0 0.3 13.0 0.3 23.1 1.0 28.6 0.1

661 687 4 10.4 16.1 0.6 25.0 0.2 35.4 0.7 16.3 0.2 28.7 0.2 36.6 0.4 15.7 0.1 28.2 0.6 36.3 0.3 15.2 0.3 24.7 0.6 35.4 0.8 16.0 0.6 27.8 0.5 36.0 0.4 15.0 0.2 27.3 0.2 35.1 0.1

681 687 2 10.6 22.7 0.1 39.1 0.4 57.8 0.9 41.5 0.5 62.2 0.0 69.6 0.7 40.3 1.1 62.3 1.6 69.7 0.5 22.9 0.3 41.2 0.7 59.7 1.0 42.3 1.3 62.2 0.1 69.6 0.7 39.9 1.2 62.1 0.9 69.2 0.5

694 703 3 8.4 2.9 0.4 5.9 0.2 9.0 0.5 4.3 0.1 5.9 0.2 7.4 0.4 4.2 0.2 5.9 0.5 7.4 0.1 2.9 0.1 6.3 0.5 9.3 0.6 4.7 0.3 5.9 0.1 7.4 0.3 4.3 0.0 6.4 0.5 7.3 0.3

697 703 2 5.0 5.3 0.2 11.9 0.2 15.7 0.4 7.9 0.3 11.1 0.4 13.2 1.0 8.1 0.2 11.3 1.0 13.0 0.7 6.0 0.2 12.9 0.6 17.2 0.9 8.9 0.5 10.9 0.4 14.8 0.4 8.4 0.3 12.1 1.4 13.7 0.2

704 710 2 5.1 18.2 0.1 31.5 0.1 32.9 0.4 2.1 0.1 7.1 0.1 16.2 0.7 2.0 0.0 6.1 0.3 15.3 0.4 17.9 0.2 31.6 0.6 32.7 0.6 2.3 0.1 8.1 0.4 17.3 0.5 2.0 0.3 6.1 0.6 15.0 0.3

704 711 2 4.1 19.0 0.4 38.4 0.5 40.7 0.2 6.2 0.2 18.9 0.1 26.5 0.9 5.7 0.6 17.4 1.1 25.6 1.0 19.0 0.2 38.5 1.2 39.9 0.9 7.6 1.1 19.4 0.4 28.3 0.2 6.0 0.3 18.2 1.4 25.7 0.5

711 719 2 11.0 2.1 0.0 4.8 0.1 14.9 0.5 2.5 0.0 6.0 0.1 14.6 0.3 2.6 0.2 5.8 0.0 14.3 0.2 2.4 0.1 5.4 0.5 15.2 0.5 2.7 0.1 6.3 0.1 15.1 0.2 2.7 0.2 5.7 0.5 14.3 0.2

711 724 3 8.6 29.8 0.2 36.6 0.2 43.9 0.4 29.3 0.2 37.1 0.4 43.8 0.5 28.5 0.2 35.0 2.2 43.1 0.3 29.6 0.2 36.6 0.7 43.7 0.4 29.5 0.4 36.8 0.5 43.7 0.4 28.5 0.0 35.4 0.9 41.9 0.5
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Figure 41: HDX differences in APDS1 mutations and under different activation states 

(pY-bound, and membrane bound). 

Differences in exchange at all time points for a selected set of peptides (some overlapping 

peptides have been removed), but all data can be found in Fig. 40) that undergo decreases 

(positive values) / increases (negative values) in exchange between conditions (WT and 

APDS1 mutations, pY-activated, membrane-bound) are shown. The specific conditions 

being compared are labelled above the selected columns. Increases/decreases greater than 

0.7 Da and 7% are coloured according to the legend. 

 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

71 82 1 8.1 0.8 1.8 -1.4 1.0 -2.1 1.1 -5.1 0.7 -2.6 1.5 -5.5 1.7 0.5 3.2 -0.9 0.6 -0.3 1.8 -3.7 1.9 -2.6 0.5 -3.7 0.6 -2.1 4.2 -2.5 1.2 -9.0 2.2 -0.2 2.3 0.3 1.6 -0.7 0.8 0.0 2.0 -0.6 2.1 -1.0 1.0

71 82 2 8.1 0.3 1.3 -1.1 0.5 -2.2 0.4 -4.1 0.5 -2.9 1.4 -7.9 0.8 -2.1 0.3 -1.5 0.8 0.5 0.9 -3.2 1.8 -3.4 0.4 -4.5 0.3 -0.4 1.6 -2.4 0.8 -10.4 0.9 -0.3 2.3 0.5 0.5 -0.2 0.4 -0.2 1.7 -0.5 0.7 -1.0 1.1

71 96 3 12.5 0.9 1.3 -0.9 0.4 -1.7 0.7 -4.5 1.4 -0.9 1.0 -7.4 1.6 -0.9 0.5 0.4 0.3 2.6 0.9 -4.4 2.3 -1.9 0.5 -5.4 0.9 0.3 1.5 -1.9 0.1 -8.1 0.7 0.2 2.0 0.1 0.3 0.1 0.5 0.3 1.7 2.1 2.9 -0.7 0.7

120 127 3 5.6 -0.5 1.1 -5.8 2.0 -1.5 1.0 -9.5 0.9 -6.0 3.3 -1.3 1.9 -3.5 1.1 -0.6 0.7 3.0 1.7 -2.3 2.3 -2.1 1.5 -2.4 1.5 -1.2 1.6 -1.1 1.7 1.9 0.4 0.1 1.9 -1.0 1.6 -0.2 1.2 -0.2 1.7 -1.8 2.2 0.3 1.6

121 127 2 4.3 -0.4 1.1 -7.8 1.0 -2.3 1.7 -11.8 1.1 -5.9 2.4 1.5 1.5 -2.7 0.5 -0.3 0.9 2.6 1.9 -3.4 2.2 -2.6 1.4 -2.1 2.9 -1.3 1.1 -2.1 1.0 1.8 0.9 -0.7 1.3 -3.4 1.7 -0.8 2.2 -0.2 1.6 -1.7 1.2 0.4 2.3

328 337 2 4.2 -1.5 1.3 -3.8 1.0 -2.6 1.0 -3.4 1.2 1.2 0.4 0.3 1.0 -9.0 0.5 1.6 0.4 -2.0 1.3 3.0 3.3 0.6 1.1 -0.7 1.0 -0.7 1.5 -3.9 1.0 -1.1 1.0 -0.7 2.4 -2.8 0.8 -1.1 1.1 0.3 1.5 -1.8 1.5 -1.1 2.1

473 485 2 10.9 0.9 1.7 -1.1 1.0 -1.1 4.4 -5.1 4.6 -1.1 1.0 -6.9 8.3 -2.7 2.4 -2.6 2.9 -8.9 4.6 -1.4 4.3 0.6 2.4 2.5 6.3 -0.5 1.5 -2.0 1.6 -0.6 3.3 -1.6 1.4 -0.4 1.6 0.8 2.2 -1.9 1.4 -5.3 5.0 -5.7 6.4

524 529 2 3.1 -2.2 1.6 -15.3 1.6 -27.3 1.3 0.3 1.6 -0.7 1.2 -0.6 4.5 -1.6 0.6 -15.4 1.4 -26.1 2.6 0.1 1.3 1.7 2.8 -0.2 2.6 -0.6 0.5 0.2 1.0 -2.5 1.1 -1.6 1.8 -11.1 2.8 -21.1 2.5 -1.6 2.2 -1.1 2.4 -4.0 1.1

827 836 2 6.4 1.1 1.0 -0.2 0.8 -3.5 0.6 0.0 0.8 0.9 1.2 4.0 1.0 -0.6 0.7 0.2 0.5 -4.3 0.4 1.8 1.9 0.8 0.9 6.0 0.5 0.0 1.2 -0.9 0.6 -0.8 0.5 0.1 1.5 -0.1 0.5 -0.5 1.0 -1.2 1.3 -2.4 1.2 -2.6 1.5

830 836 2 3.8 -0.5 0.1 -0.5 0.5 -5.1 0.9 -0.2 0.3 -0.1 0.2 5.8 0.8 -0.7 0.5 -0.5 0.2 -7.9 0.5 0.6 0.8 1.5 0.2 11.8 0.8 -0.6 0.3 -1.0 0.6 -0.4 0.4 -0.2 0.5 -0.8 0.9 -0.7 0.7 -3.1 0.4 -4.4 1.6 -5.5 3.3

840 849 2 4.1 2.7 1.9 -2.7 1.9 -2.8 2.5 6.6 0.9 3.7 2.5 3.6 5.2 -1.0 3.0 1.5 1.0 0.6 1.7 9.0 5.0 -1.4 1.7 -0.2 2.1 0.9 4.0 -1.1 1.4 -2.4 1.5 0.6 4.0 -0.8 2.3 -1.7 2.6 -0.3 3.1 -1.7 3.6 -0.9 1.8

845 850 1 7.6 1.0 1.6 -0.6 1.6 -1.7 0.6 15.2 1.7 1.9 2.4 0.1 1.3 -1.3 2.0 -1.7 1.5 -0.9 1.3 20.5 7.4 0.2 3.3 -0.9 1.5 1.5 2.2 2.1 1.3 -0.4 1.2 0.6 0.9 1.9 1.1 -0.1 1.1 -0.8 2.3 -0.6 0.9 -2.4 1.5

850 856 2 9.2 -5.2 3.9 -1.0 1.5 -4.5 1.1 15.4 2.7 5.8 1.2 4.8 1.3 -7.7 2.4 -2.7 0.8 -5.2 1.1 28.0 3.4 13.6 2.0 10.2 1.4 1.1 3.3 1.4 1.0 0.4 0.7 -0.9 4.9 1.3 0.7 0.2 1.0 1.2 3.6 1.6 2.1 0.4 1.3

851 856 2 7.5 -5.0 3.3 -2.0 1.7 -6.4 0.3 15.3 1.7 6.6 1.5 6.2 0.5 -9.3 2.2 -3.0 1.3 -6.1 1.0 29.4 2.4 16.1 1.6 11.3 1.2 1.7 4.3 1.3 1.5 -1.0 0.9 0.0 5.5 1.6 0.7 -1.0 1.0 -2.0 3.8 -3.4 2.7 -3.6 2.2

908 912 2 11.3 -0.3 0.8 -1.7 0.8 -4.9 1.0 0.0 1.0 1.0 0.8 4.4 1.5 -0.2 0.4 -1.7 0.4 -7.3 0.4 0.1 0.4 2.4 0.9 9.4 1.1 -0.4 0.5 -1.1 0.5 -0.8 0.7 -0.4 1.4 -0.4 0.8 -0.5 1.2 -1.3 0.5 -2.6 0.9 -2.4 0.7

908 915 3 11.7 -1.1 0.9 -1.2 1.4 -1.2 1.0 3.1 0.5 2.5 1.5 1.1 1.3 -2.1 0.3 -1.3 0.4 -2.4 1.5 5.7 0.8 6.2 0.3 3.3 1.4 0.2 0.9 -0.7 0.8 0.1 1.0 -0.4 1.4 -0.4 0.8 -0.3 0.6 -1.4 1.2 -1.0 1.4 -1.1 1.1

908 919 3 13.7 -2.2 1.3 -2.4 0.9 -1.5 1.5 5.8 0.9 4.8 1.4 0.6 2.6 -6.0 0.6 -2.3 0.9 -1.1 1.7 12.1 1.8 8.0 1.1 0.9 1.4 0.7 1.7 -0.5 0.7 -0.4 1.3 -0.3 1.9 -0.1 0.7 -0.5 0.6 -2.5 1.6 1.3 3.1 -0.6 1.1

909 919 3 12.7 -2.2 1.5 -2.6 1.6 -0.7 1.5 5.4 1.0 4.9 2.3 0.7 2.9 -7.3 1.1 -2.7 0.7 -0.9 2.1 13.4 2.2 8.9 1.4 1.2 2.2 1.0 1.7 -0.3 0.8 0.2 1.2 -0.5 2.1 -0.8 0.9 -0.1 0.3 -2.6 2.0 -1.0 0.6 -0.2 0.9

920 934 4 10.1 -2.4 1.5 -5.6 1.6 -6.7 0.6 6.6 2.0 4.3 1.3 2.8 0.8 -3.8 1.2 -7.3 0.3 -8.4 1.0 11.2 2.2 8.2 0.7 7.1 1.1 0.2 1.5 0.5 0.7 0.9 0.6 -1.2 1.7 0.3 0.8 0.1 1.1 -3.4 1.1 -2.9 1.2 -2.0 1.2

920 935 4 9.7 -4.0 1.5 -11.5 1.8 -9.9 0.7 8.1 1.9 5.9 1.2 2.7 0.7 -6.4 1.8 -13.4 0.4 -11.0 1.0 14.7 2.6 12.7 1.0 7.4 1.2 0.2 1.9 0.6 0.8 0.4 0.9 -1.0 1.5 0.4 0.9 -0.5 1.3 -3.4 1.1 -3.1 1.5 -4.0 1.3

978 989 2 12.4 -0.1 1.6 -0.6 1.4 0.3 1.2 0.8 1.2 5.7 1.3 0.5 2.3 -1.9 0.6 1.4 2.1 -1.3 1.4 3.4 2.1 8.7 1.1 1.4 1.0 -0.1 2.0 -2.7 2.4 1.3 1.4 -1.0 2.7 -1.2 1.3 0.4 1.6 -1.8 2.2 0.6 0.6 1.6 1.6

982 989 2 9.4 0.1 1.6 -3.6 2.2 -0.3 1.2 3.7 1.6 9.5 1.9 0.7 1.2 -2.2 0.8 -3.2 1.2 -1.0 0.7 9.9 2.4 17.7 1.6 0.8 0.7 -0.9 2.2 -2.2 1.5 1.0 0.9 -0.9 4.0 -1.9 0.9 0.2 1.3 -2.6 2.6 -2.8 1.3 0.4 1.8

998 1002 2 6.3 -1.1 2.6 1.8 2.1 -2.8 3.6 0.2 1.9 0.6 1.3 4.7 2.3 -0.2 1.7 1.9 1.9 -4.1 2.0 0.7 1.7 2.0 2.5 10.1 1.8 -1.2 2.5 -0.8 3.0 -1.0 2.9 -3.2 1.8 -1.5 3.3 -7.2 5.8 -4.1 2.2 -14.6 4.9 -23.4 5.3

1003 1009 2 4.0 2.1 1.6 -1.5 1.0 -3.6 3.8 -0.2 3.8 1.9 0.3 0.9 3.1 -2.3 0.6 -0.6 1.4 -2.0 1.7 3.4 4.1 4.4 2.1 -0.8 2.2 1.8 1.9 -0.6 1.4 -0.8 3.0 2.0 2.3 -1.7 1.5 -0.6 3.5 0.6 2.1 -2.5 2.6 0.3 3.5

1010 1019 3 7.9 0.0 0.3 -0.3 0.4 -2.7 0.3 0.0 0.2 0.5 0.3 2.8 0.2 0.1 0.4 -0.4 0.3 -3.8 0.2 0.1 0.2 0.8 0.1 5.2 0.4 0.0 0.4 -0.1 0.4 -0.1 0.3 -0.1 0.6 0.0 0.2 0.1 0.7 -0.7 0.5 -1.8 0.4 -7.9 0.9

1023 1033 4 8.8 -19.5 4.0 -0.5 1.7 0.2 0.7 18.6 2.1 2.5 2.0 -0.3 0.9 -22.2 2.5 -2.4 0.9 1.1 1.4 34.5 5.3 3.5 2.8 -1.4 0.9 1.7 3.1 2.2 0.3 0.0 1.2 -0.6 5.2 1.5 0.6 0.1 1.0 -4.5 3.8 1.6 2.1 0.4 1.1

1024 1033 4 8.4 -19.0 4.7 0.5 1.0 0.1 0.5 19.2 3.2 2.6 1.0 0.0 0.5 -23.4 1.9 -1.5 1.9 0.1 2.0 36.3 4.3 4.3 2.6 -0.7 1.3 3.0 3.2 2.0 1.5 0.8 1.6 0.1 4.5 2.0 0.7 0.1 1.5 # # # # # #

1024 1044 5 8.1 -8.7 3.4 0.3 2.5 0.1 1.1 14.2 1.9 1.0 3.4 0.4 1.1 -12.6 3.7 -1.6 1.4 1.3 1.5 24.3 4.9 3.1 4.6 -1.2 2.4 2.5 3.8 2.5 1.1 -0.2 1.2 0.8 3.5 3.1 1.0 0.6 2.1 # # # # # #

1034 1044 3 3.2 1.4 0.7 -1.9 3.0 -1.9 2.3 5.3 3.1 0.1 2.5 0.8 2.8 -1.9 1.4 1.2 0.7 -0.7 2.3 8.6 2.7 -0.2 0.6 0.1 2.2 1.8 1.1 -1.0 2.2 -1.1 1.9 2.0 2.4 -1.3 2.1 -1.1 1.9 -0.1 0.6 -0.6 3.9 -0.9 2.9

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

71 82 1 8.1 0.9 1.4 -0.9 0.9 -2.5 0.5 -4.4 1.1 -4.4 0.2 -7.0 0.9 -0.8 2.1 -0.2 1.5 -2.1 0.7 -4.2 1.6 -5.2 0.4 -10.1 0.7

71 82 2 8.1 0.0 1.3 -1.7 0.6 -3.1 1.1 -3.7 0.6 -4.7 1.3 -8.0 1.5 -1.5 1.5 -1.1 0.6 -1.3 1.0 -3.9 1.6 -5.4 0.4 -10.7 0.4

71 96 3 12.5 0.2 1.3 -0.8 0.3 -1.7 1.0 -3.6 0.8 -2.5 0.2 -7.7 1.0 -0.8 1.5 -2.5 3.4 -0.2 0.9 -3.9 1.6 -3.8 0.9 -10.6 0.6

120 127 3 5.6 -1.0 1.1 -5.4 1.4 -1.3 3.1 -10.4 0.5 -8.0 3.9 -2.6 3.8 -1.5 1.4 -2.5 1.2 -1.9 2.3 -12.8 1.6 -11.6 3.6 -2.4 1.7

121 127 2 4.3 -0.8 1.1 -5.7 2.2 -0.5 3.5 -11.2 1.3 -7.4 3.2 0.4 4.4 -2.0 1.3 -3.4 1.5 -2.2 2.5 -14.4 1.0 -11.1 4.8 1.6 1.9

328 337 2 4.2 -2.1 2.0 -1.3 0.4 -1.4 1.8 -1.8 1.1 0.8 1.7 0.2 2.4 -4.9 1.9 -0.6 1.4 -2.2 1.9 -0.8 1.9 -0.3 2.6 0.3 0.9

473 485 2 10.9 0.5 0.6 -2.1 1.9 -1.7 1.9 -1.1 1.5 -2.8 3.4 -3.0 4.1 -1.1 0.8 1.3 6.4 0.8 7.5 -0.3 0.9 -3.4 5.2 -3.5 4.1

524 529 2 3.1 -1.4 2.0 -4.4 2.3 0.0 6.3 -0.2 2.3 -0.1 3.0 -1.8 5.3 -3.4 2.6 -14.8 2.9 -26.5 3.4 1.7 2.2 -2.5 2.7 1.8 3.6

827 836 2 6.4 0.4 0.8 -0.5 0.3 -4.0 1.5 0.9 0.3 0.2 1.0 4.8 1.6 -0.4 0.9 0.9 1.6 -3.7 1.9 2.2 0.6 0.0 1.2 8.3 0.9

830 836 2 3.8 -0.7 0.7 -0.5 0.6 -5.5 1.1 -0.3 0.6 0.4 0.1 7.0 1.3 -0.2 0.8 0.9 1.4 -5.4 3.9 -0.1 0.7 0.5 1.1 12.9 1.1

840 849 2 4.1 -0.4 4.0 -1.6 2.4 -0.5 3.4 8.5 2.3 1.5 3.7 1.5 4.0 1.1 2.0 2.1 4.4 -1.2 2.3 16.8 1.5 -1.1 4.1 1.6 2.9

845 850 1 7.6 -0.9 0.5 -2.1 1.2 -1.6 1.5 16.7 1.7 0.3 3.3 0.5 1.8 -0.3 1.7 -1.6 1.0 -0.7 1.3 36.8 0.8 1.0 3.5 -0.6 1.1

850 856 2 9.2 -5.9 3.1 -2.0 0.5 -5.5 1.3 20.6 0.6 6.7 2.2 6.5 1.0 -9.4 3.0 -2.1 2.2 -5.3 1.5 30.5 1.6 16.2 2.5 12.1 1.4

851 856 2 7.5 -6.9 3.8 -3.2 0.2 -6.5 2.0 20.6 1.3 7.6 2.3 7.9 2.2 -8.6 2.5 -1.1 2.1 -5.5 2.4 31.9 1.3 19.7 1.4 12.8 0.9

908 912 2 11.3 -0.2 1.5 -1.3 0.5 -5.1 1.6 0.3 0.7 1.0 1.3 5.3 1.7 -0.9 0.3 -1.1 1.4 -3.8 1.1 0.9 0.5 2.4 1.2 8.3 1.3

908 915 3 11.7 -1.2 0.9 -0.2 0.2 -2.1 1.1 4.4 0.4 2.3 1.2 2.2 0.8 -2.1 1.2 -0.7 1.2 -0.4 1.6 7.2 1.1 5.7 1.1 2.7 1.0

908 919 3 13.7 -3.3 0.9 -2.0 0.5 -1.6 1.2 8.3 0.7 4.0 0.9 1.3 1.1 -3.1 1.5 -3.2 4.1 -0.6 1.1 13.3 1.6 8.3 1.6 0.7 0.7

909 919 3 12.7 -4.4 1.8 -1.2 0.6 -1.1 1.0 9.4 1.1 4.0 2.0 1.2 0.8 -4.3 1.3 -1.3 1.1 -0.3 1.8 15.2 1.3 9.5 2.5 0.8 1.5

920 934 4 10.1 -1.9 1.7 -5.8 0.5 -7.5 1.6 7.9 0.9 4.3 1.4 3.4 0.8 -2.7 1.6 -4.9 1.5 -5.3 2.1 15.8 1.9 7.6 1.5 7.3 1.7

920 935 4 9.7 -4.3 1.6 -12.0 0.4 -10.3 1.6 10.4 1.0 6.6 1.7 3.4 0.7 -5.2 1.8 -10.6 1.3 -7.1 2.0 19.2 1.3 12.2 1.4 8.3 1.4

978 989 2 12.4 -0.6 1.6 -0.3 1.2 -0.4 1.8 2.3 0.6 5.3 0.8 0.9 1.0 -2.1 2.2 -1.1 1.2 -1.6 2.1 4.8 2.2 7.8 1.1 1.3 1.8

982 989 2 9.4 -1.1 3.2 -3.6 0.1 -0.5 1.1 6.4 1.3 10.6 1.0 0.7 1.1 -3.0 3.4 -3.3 1.0 -0.5 1.9 11.4 3.2 16.6 1.1 0.9 1.7

998 1002 2 6.3 1.9 2.0 0.1 1.5 -1.6 5.5 -0.2 2.0 0.7 1.5 9.0 2.6 1.0 1.5 4.4 3.4 -0.1 4.2 -1.4 1.8 3.2 1.9 12.0 2.0

1003 1009 2 4.0 -1.1 3.0 -0.9 1.5 -1.8 2.5 1.0 3.1 2.3 2.7 0.2 3.5 -1.2 1.6 1.2 2.6 -2.6 2.7 3.7 1.8 3.1 3.4 0.6 3.1

1010 1019 3 7.9 0.3 0.6 -0.3 0.1 -3.5 0.7 -0.4 0.3 0.3 0.1 3.2 0.7 0.0 0.3 -0.7 0.2 -2.3 1.1 -0.3 0.2 1.7 0.1 9.7 0.6

1023 1033 4 8.8 -19.8 3.2 -1.7 1.0 -0.6 1.7 24.8 0.7 2.0 2.8 -0.3 1.4 -15.5 2.1 -2.2 2.0 -0.3 1.1 42.1 1.2 13.9 0.8 0.1 1.4

1024 1033 4 8.4 -20.5 3.5 -1.2 1.3 -0.3 1.9 25.0 2.5 2.3 4.2 0.0 0.8 # # # # # # # # # # # #

1024 1044 5 8.1 -10.8 2.7 -2.1 2.1 -0.7 2.7 17.5 3.1 1.1 5.8 -0.1 2.0 # # # # # # # # # # # #

1034 1044 3 3.2 -2.0 4.1 -1.6 0.8 -0.1 3.2 8.0 3.4 1.1 2.2 0.8 3.4 0.4 0.6 1.1 2.7 -1.1 3.4 12.4 1.4 -2.3 4.0 1.9 2.0

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

207 218 1 8.6 9.4 4.3 -1.0 1.7 -0.9 0.3 -4.6 2.0 1.2 3.1 -0.3 0.9 2.2 2.4 -3.7 2.3 -0.1 0.4 -0.1 4.9 0.5 0.8 -0.7 1.3 2.3 4.8 2.7 3.0 -0.2 0.3 1.1 6.0 1.8 2.9 0.0 1.0 1.9 4.4 1.3 3.8 0.7 1.0

333 341 2 12.0 8.4 1.2 11.1 1.5 3.5 1.5 0.0 0.5 5.0 0.8 2.1 2.7 7.8 0.7 16.0 0.9 6.2 1.4 0.1 0.4 3.4 0.6 1.4 1.2 1.0 1.9 -0.2 1.2 0.3 1.0 -0.1 1.9 -0.1 1.3 -0.4 0.8 0.5 2.1 0.1 1.1 0.3 0.9

334 341 2 9.3 8.4 2.0 12.6 1.3 4.3 1.3 -0.1 1.3 4.8 1.4 2.4 1.5 8.0 1.5 16.6 0.6 7.4 0.9 0.5 0.9 3.5 1.4 1.4 1.2 0.6 2.3 0.9 0.4 0.1 0.8 -0.4 2.9 1.3 0.5 0.0 1.5 0.3 1.9 1.7 0.9 1.0 0.9

342 349 2 4.5 8.5 2.2 6.5 1.5 6.3 2.1 -0.5 0.9 2.4 0.6 3.8 1.3 7.9 1.4 10.3 1.8 9.4 2.0 1.0 2.4 1.0 1.1 2.7 1.4 0.0 2.2 -0.7 2.5 -1.4 2.4 0.1 2.5 -2.2 1.2 -3.5 2.2 -4.2 2.9 -4.3 1.9 -3.3 2.1

356 369 4 5.3 7.5 2.4 5.4 0.8 0.6 1.6 -0.1 2.1 2.7 1.4 3.3 1.8 6.4 0.7 10.0 0.7 3.9 1.5 1.4 1.5 1.1 1.3 2.4 1.1 0.4 1.9 -1.5 0.9 -0.7 0.7 0.8 1.9 -0.2 1.2 0.4 1.1 0.7 2.4 -2.4 2.6 -0.2 1.9

372 380 3 3.5 1.1 0.3 -0.1 1.7 6.9 2.2 -0.5 1.4 -0.3 1.9 1.8 2.0 -0.5 0.8 2.7 0.6 10.2 2.0 0.3 1.3 0.2 1.1 0.5 2.0 0.7 0.5 -1.8 1.2 -2.1 1.8 -10.4 0.9 -15.9 1.4 -6.9 2.4 0.1 0.7 -1.2 2.5 -1.7 3.2

373 380 2 3.1 0.5 0.7 0.0 1.9 7.2 2.3 -0.3 1.7 0.0 2.1 2.1 2.3 -1.3 1.0 2.6 0.8 11.5 2.5 0.7 1.1 -0.1 1.0 0.5 1.8 0.8 0.8 -1.0 1.8 -2.8 2.6 -10.9 1.7 -16.1 2.2 -6.4 3.0 -0.2 0.8 -0.2 1.9 -1.6 2.5

373 380 3 3.1 0.9 0.9 0.3 2.5 7.2 2.5 -0.3 2.2 -0.7 3.3 1.6 2.5 0.1 1.3 2.9 0.9 11.6 2.2 -0.2 2.0 0.0 0.5 0.4 1.8 0.7 1.0 -1.0 2.0 -2.9 2.3 -11.0 2.0 -16.1 1.8 -7.5 2.7 0.1 1.1 0.2 1.9 -2.1 3.1

402 413 3 8.5 12.4 1.2 3.4 0.6 0.4 0.3 0.4 0.6 3.7 0.6 0.6 0.2 12.4 0.6 7.2 0.3 1.0 0.5 0.6 1.2 3.3 1.0 2.7 0.7 0.7 1.3 0.9 0.2 0.0 0.3 -1.8 1.3 0.6 0.4 -0.6 0.6 0.3 1.4 0.2 0.7 0.0 0.7

405 413 3 5.9 18.7 2.4 4.5 0.8 0.2 1.2 0.4 1.1 5.6 1.1 1.5 0.9 18.0 0.8 11.6 0.8 1.4 0.9 1.0 2.0 4.9 0.7 4.0 1.0 1.0 2.6 -0.6 1.0 -0.5 0.7 -2.0 2.4 0.3 0.4 -0.6 1.0 1.1 2.6 -1.1 1.3 -0.1 1.8

414 420 1 7.0 56.6 3.4 12.7 1.6 -0.5 1.4 9.0 1.4 19.0 1.0 3.9 1.2 64.4 1.2 31.4 1.9 2.4 0.9 5.2 1.1 25.3 1.2 15.5 0.8 2.0 3.5 1.0 1.9 -0.3 1.6 -4.7 2.8 1.0 1.4 -0.2 1.1 1.1 3.3 -0.3 0.9 0.2 1.3

414 420 2 7.0 56.0 2.3 12.6 1.3 -0.2 0.6 10.4 0.9 19.3 1.2 4.2 1.0 64.8 0.7 31.3 1.6 2.0 0.7 5.4 1.1 25.5 1.9 15.9 0.7 1.8 2.8 1.3 1.1 -0.1 0.6 -5.1 2.6 1.2 0.3 0.4 0.9 0.4 3.5 -0.3 0.9 0.7 0.9

444 456 2 6.8 -3.9 0.1 -19.4 0.8 -26.9 0.2 0.6 0.2 1.2 0.8 0.2 0.7 -3.6 0.5 -19.0 0.3 -25.0 1.0 1.3 1.3 3.4 1.3 -0.5 1.2 -0.1 0.4 -0.5 0.3 -2.4 0.4 -0.6 0.1 -4.2 0.5 -9.1 0.5 -0.5 0.3 -0.8 0.5 -2.7 1.3

467 476 2 5.6  -0.3 0.1 -2.3 0.3 -9.5 0.8 -0.8 0.3 -5.3 0.2 -11.0 1.0 -0.5 0.7 -4.4 0.6 -11.0 0.9 -0.3 0.7 -2.8 0.8 -6.5 3.1 -0.5 0.7 -2.8 0.6 -10.6 0.5 -0.2 0.1 -0.8 0.2 -5.2 0.9 -0.4 0.4 -1.5 1.3 -4.3 1.8

470 476 2 3.5 -0.2 0.6 -3.2 1.1 -12.7 0.8 -0.9 0.5 -8.4 1.4 -15.8 1.3 -0.6 0.9 -6.8 0.8 -17.3 2.1 -0.6 0.9 -4.9 0.5 -6.4 1.3 -0.5 1.2 -3.5 1.4 -11.7 1.2 0.3 1.0 -1.5 0.8 -6.9 0.7 -0.1 1.1 -1.2 2.2 -5.0 2.4

538 549 4 8.1 0.1 0.5 -0.2 0.5 -0.5 0.4 -0.2 0.4 -0.4 0.3 -1.4 0.5 0.4 0.3 2.1 0.2 6.6 0.5 0.1 0.2 0.8 0.4 3.0 1.0 -0.5 0.5 -3.7 0.7 -13.6 0.3 -0.1 0.3 -0.2 0.6 -2.0 0.7 -0.3 0.3 -0.9 1.1 -2.9 1.5

556 570 4 7.7 0.2 0.2 -2.1 0.5 -8.9 0.5 -0.8 0.2 -4.8 0.4 -12.2 0.8 -0.7 0.2 -5.2 0.2 -14.5 0.6 -0.2 0.6 -0.9 1.2 -2.3 1.2 -0.2 0.3 -2.8 0.3 -10.7 0.2 0.0 0.5 -0.9 0.2 -3.9 0.6 0.1 0.3 -0.5 0.5 -1.5 0.9

556 570 5 7.7 0.1 0.8 -2.7 0.7 -8.9 0.3 -0.5 0.9 -4.8 0.6 -12.0 0.4 -0.6 0.5 -5.0 0.6 -14.2 0.9 -0.4 0.9 -0.8 1.3 -2.1 1.2 0.0 0.6 -3.5 1.0 -10.7 0.3 0.2 0.2 -1.4 0.6 -3.6 0.9 0.3 0.3 -1.1 1.6 -1.3 1.2

557 570 3 7.2 0.1 0.5 -2.3 0.6 -8.7 0.7 -0.7 0.6 -4.8 0.6 -12.4 0.6 -0.8 0.5 -5.3 0.7 -14.8 0.9 0.1 1.3 -1.0 1.5 -3.0 1.5 -0.3 0.2 -2.8 0.7 -10.1 0.5 -0.4 0.4 -1.0 0.5 -3.6 1.2 -0.6 0.5 -1.0 0.8 -2.9 1.4

571 581 4 7.1 0.2 0.4 -2.8 0.4 -15.0 0.4 -0.3 0.3 -0.7 0.7 -1.8 0.4 -0.2 0.7 -3.8 0.1 -20.1 0.6 0.1 0.6 0.2 0.6 0.9 1.3 -0.1 0.7 -0.1 0.2 -0.2 0.2 0.0 0.4 -0.5 0.3 -3.9 0.6 0.0 0.6 -0.3 0.5 -0.6 1.6

582 596 3 7.1 -16.8 3.7 -5.8 1.5 -8.4 0.8 2.5 2.2 1.1 2.4 2.3 0.8 -17.0 1.7 -4.4 1.8 -6.4 1.0 5.5 4.3 1.0 3.5 0.4 1.4 0.7 4.0 -0.1 1.2 -0.7 0.7 -0.9 4.6 0.0 0.4 -1.1 1.1 -0.7 4.3 -1.2 1.3 1.4 1.8

582 596 5 7.0 -17.4 3.8 -5.9 1.9 -8.0 1.1 3.0 2.9 1.1 2.6 1.8 0.6 -17.5 2.0 -4.5 2.1 -6.2 0.9 5.2 4.4 1.1 3.2 0.1 1.3 0.9 3.7 0.3 1.8 -0.4 0.8 -0.8 4.5 0.1 0.8 -1.2 1.7 -0.6 3.5 -1.5 1.7 0.7 2.1

610 637 4 7.3 5.8 1.1 8.5 0.6 7.6 0.6 -0.6 0.5 0.0 1.0 1.1 0.4 4.5 1.0 8.5 0.8 9.3 0.4 0.5 1.3 0.2 1.1 0.4 0.6 0.6 1.7 0.3 0.8 -0.4 0.4 0.5 1.9 0.8 0.4 -0.2 0.8 0.9 1.7 -0.3 1.3 0.3 0.8

647 656 3 3.6 17.5 0.4 11.6 1.8 0.7 1.6 -0.5 1.6 0.1 1.4 1.6 1.8 15.2 1.5 14.4 1.1 3.7 1.9 0.5 2.3 0.6 0.8 0.7 1.4 1.6 0.9 -1.6 2.0 -1.6 1.7 1.2 2.1 -1.7 1.7 -1.4 2.0 0.7 1.0 -1.5 3.5 -1.2 2.9

647 657 3 5.0 15.3 2.1 16.8 0.9 6.0 1.2 -0.9 1.4 0.7 1.0 1.8 1.1 14.0 0.7 19.6 0.7 8.3 1.6 0.4 1.7 0.4 1.1 0.4 1.3 0.1 1.5 -1.6 1.0 -1.0 1.5 0.0 2.4 -0.7 0.9 -0.5 1.7 0.6 1.9 -1.2 2.0 0.0 2.6

681 687 2 10.6 -18.4 1.7 -25.6 1.5 -13.6 0.2 -0.7 2.5 0.1 1.5 -0.6 0.7 -20.0 1.1 -24.9 0.5 -13.3 0.9 0.7 2.0 1.1 1.9 -0.1 0.6 0.1 0.7 -0.9 0.9 0.3 0.7 -1.0 0.5 -2.3 1.0 -1.5 1.0 -1.2 0.7 -4.4 1.3 -3.5 1.0

704 710 2 5.1 16.2 1.0 21.5 0.3 15.4 0.8 -0.1 0.3 1.8 0.3 1.1 0.2 15.9 0.3 24.3 0.3 17.0 1.1 0.3 0.5 1.6 0.1 0.7 0.7 0.2 1.0 -0.7 0.4 -0.7 1.1 0.1 1.0 -0.5 0.2 -0.3 1.0 0.3 1.1 -0.7 0.7 -0.1 1.3

704 711 2 4.1 12.6 1.0 16.2 0.5 11.8 1.0 0.1 1.0 2.0 0.9 1.4 1.0 11.5 0.8 19.6 0.4 13.9 0.8 1.2 1.1 1.8 0.3 0.6 0.8 0.7 1.2 -1.1 0.7 -1.2 1.0 0.1 1.1 -1.4 0.9 -1.2 0.9 0.1 0.9 -1.5 1.6 -0.3 1.6

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

207 218 1 8.6 6.2 6.4 -3.0 2.7 -0.7 1.8 -2.5 4.8 -0.1 1.6 -0.4 1.4 3.1 5.1 -2.0 3.7 -1.0 1.3 -0.5 4.3 -0.6 1.3 -0.2 0.9

333 341 2 12.0 8.6 1.0 16.0 0.6 6.0 0.9 0.3 0.6 2.2 1.0 1.4 1.0 7.3 1.4 12.9 1.4 4.5 0.8 1.3 0.9 5.3 1.5 2.6 0.6

334 341 2 9.3 8.9 2.2 16.3 0.9 6.8 1.9 -0.1 1.1 2.1 2.1 1.3 1.4 7.1 1.4 13.5 1.6 4.4 1.4 1.0 1.0 4.6 1.9 3.6 1.3

342 349 2 4.5 7.9 1.0 9.3 0.4 10.2 2.1 0.9 1.0 2.4 1.2 4.0 2.9 10.0 2.4 10.6 1.8 5.3 2.0 1.2 2.7 0.6 3.4 6.8 1.9

356 369 4 5.3 8.2 1.0 8.7 1.7 5.6 2.5 -0.8 1.0 0.4 2.9 0.6 2.6 5.5 1.3 9.6 2.3 0.7 2.4 2.6 1.7 1.2 1.8 5.4 1.7

372 380 3 3.5 11.1 1.9 14.9 0.5 15.1 2.7 0.1 1.7 1.0 2.0 1.3 2.6 0.6 0.9 3.0 2.4 8.7 2.9 0.3 0.8 -1.8 3.3 3.0 1.5

373 380 2 3.1 10.9 2.3 15.4 1.3 15.7 3.6 1.3 2.3 1.0 2.1 1.0 2.8 0.1 0.7 2.4 2.5 9.5 1.9 0.5 1.1 -1.7 4.1 2.7 1.7

373 380 3 3.1 11.7 2.7 15.5 0.7 16.8 3.1 0.6 2.0 1.0 2.3 0.9 2.5 0.4 1.0 2.6 1.7 9.9 2.7 0.5 0.9 -1.9 3.9 2.9 1.5

402 413 3 8.5 15.6 0.6 10.5 0.7 3.7 0.8 0.1 0.4 0.3 1.2 0.8 0.5 11.1 1.3 4.3 1.2 0.3 1.0 2.1 1.1 5.9 1.3 3.3 0.7

405 413 3 5.9 22.5 0.7 14.7 0.7 5.1 1.3 0.0 0.4 0.6 1.9 1.2 1.4 16.3 1.8 7.7 1.6 -0.2 1.5 2.9 1.5 8.0 2.1 5.7 0.7

414 420 1 7.0 76.1 0.6 52.4 1.0 15.8 1.0 0.3 0.4 3.5 0.7 4.0 1.7 54.5 3.3 17.0 1.5 0.1 0.5 15.1 2.8 37.9 2.3 16.6 0.8

414 420 2 7.0 76.8 0.6 52.8 0.3 15.3 1.3 0.6 0.4 3.6 1.4 4.3 1.5 54.8 3.2 17.4 2.3 -0.1 0.9 16.1 2.4 37.9 2.8 17.2 1.0

444 456 2 6.8 -3.4 0.4 -15.8 0.8 -18.7 1.7 1.4 0.6 2.3 1.1 0.1 1.8 -4.2 0.9 -18.0 1.5 -24.9 1.5 2.1 0.8 2.1 2.1 1.1 1.0

467 476 2 5.6 -0.4 0.3 -2.5 0.4 -6.7 1.8 -0.7 0.7 -5.4 0.7 -10.7 1.8 -0.5 0.5 -1.5 1.2 -8.1 2.4 -1.0 0.4 -7.7 1.1 -13.5 0.7

470 476 2 3.5 -0.8 1.0 -3.0 0.5 -8.8 1.6 -1.0 0.6 -8.4 1.7 -14.3 2.4 0.0 0.8 -2.1 2.0 -10.0 2.8 -1.4 0.4 -11.9 2.8 -18.6 1.0

538 549 4 8.1 0.0 0.3 -0.2 0.4 0.0 0.9 -0.1 0.2 -0.4 0.6 -1.2 0.7 -0.1 0.3 0.2 0.9 0.2 1.4 0.1 0.3 -0.6 0.7 -1.4 0.4

556 570 4 7.7 0.2 0.4 -1.9 0.5 -7.3 1.0 -0.8 0.3 -4.7 1.2 -12.0 1.0 -0.2 0.3 -2.3 0.4 -9.6 1.1 -0.8 0.4 -5.8 0.9 -15.2 0.6

556 570 5 7.7 0.3 0.3 -1.7 0.4 -7.4 1.5 -1.0 0.4 -4.7 1.3 -12.0 1.3 -0.3 0.4 -1.9 1.1 -9.6 1.5 -1.0 0.4 -6.0 0.7 -14.7 1.0

557 570 3 7.2 0.4 0.4 -2.0 0.7 -7.5 1.5 -0.7 0.6 -4.9 1.6 -11.9 1.2 0.2 0.6 -2.3 0.9 -8.5 1.4 -0.7 0.6 -6.1 1.4 -15.4 0.9

571 581 4 7.1 -0.1 0.3 -2.5 0.4 -12.8 1.3 0.1 0.5 -0.8 1.0 -0.9 1.5 0.0 0.4 -2.1 0.9 -15.1 1.7 0.0 0.4 -1.4 1.3 -2.7 0.7

582 596 3 7.1 -17.6 2.5 -5.3 1.1 -7.1 2.1 6.0 1.9 0.9 4.2 1.6 2.6 -17.1 2.9 -2.3 1.9 -8.6 1.6 7.7 2.1 -0.2 3.7 3.0 1.2

582 596 5 7.0 -17.7 2.5 -5.5 1.2 -7.0 2.4 5.6 1.7 1.0 4.0 1.6 2.3 -17.8 2.6 -2.3 1.6 -8.2 1.6 7.6 1.9 -0.1 2.8 2.5 1.0

610 637 4 7.3 4.9 1.2 8.0 0.7 8.9 1.2 0.1 0.7 -0.1 1.4 0.6 0.9 4.2 1.3 9.4 1.4 7.9 0.6 0.5 0.8 -0.3 1.2 1.6 0.4

647 656 3 3.6 16.1 2.7 11.7 0.7 3.7 2.8 0.1 1.4 1.8 1.8 1.5 3.1 16.0 1.0 15.0 3.2 2.3 2.6 1.0 1.2 -1.3 3.4 2.8 1.2

647 657 3 5.0 15.1 1.2 16.7 0.8 7.8 2.5 -0.3 0.6 1.1 2.1 1.1 2.5 14.1 0.8 19.9 2.5 6.2 2.1 0.4 0.9 -1.2 2.8 2.6 1.0

681 687 2 10.6 -18.8 0.5 -23.1 0.4 -11.8 1.6 1.2 1.6 0.0 1.7 -0.1 1.2 -19.4 1.6 -20.9 0.8 -9.9 1.6 2.4 2.5 0.0 1.0 0.4 1.2

704 710 2 5.1 16.2 0.2 24.3 0.3 16.6 1.0 0.1 0.1 1.0 0.5 0.9 1.1 15.6 0.3 23.4 1.0 15.4 1.1 0.3 0.4 2.0 1.0 2.2 0.7

704 711 2 4.1 12.7 0.6 19.5 0.6 14.2 1.1 0.5 0.8 1.5 1.2 0.9 1.9 11.4 1.3 19.1 1.5 11.5 1.1 1.6 1.4 1.2 1.8 2.6 0.7
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Figure 42: All HDX p110δ and p85 peptide data for experiments examining 

conformational changes in APDS2 mutation in the basal state. 

The charge state (Z), residue start (S), residue end number (E), and retention time (RT) are 

displayed for every peptide. Two time-points are labelled (3 & 300 seconds), and the 

relative level of HDX is coloured on a blue-to-red continuum (% deuterium incorporation). 

Peptides with differences in exchange have the sequence colour according to the legend. 

The data listed are the average of three independent experiments, with SD shown next to 

all HDX values.  

p110δ >30% 8-15%

Start End Z RT Sequence 15-30% <8% 3.0 SD 300 SD 3.0 SD 300 SD

12 18 2 4.2 WTKEENQ 69.9 1.7 69.4 0.1 70.2 1.9 69.2 0.6 0

12 19 2 4.2 WTKEENQS 72.2 1.0 72.8 0.2 67.5 4.3 69.6 0.4 10

24 31 2 12.6 FLLPTGVY 7.2 0.6 31.2 0.5 9.7 0.3 36.2 0.8 20

32 42 2 9.6 LNFPVSRNANL 31.1 0.7 38.7 0.2 36.5 0.1 46.0 0.2 30

35 42 2 5.4 PVSRNANL 44.8 0.6 55.8 0.1 49.2 0.9 60.3 0.4 40

43 59 4 11.8 STIKQLLWHRAQYEPLF 7.4 0.1 25.4 0.2 8.9 0.3 27.1 0.0 50

43 67 4 12.2 STIKQLLWHRAQYEPLFHMLSGPEA 20.1 0.6 36.6 0.4 22.2 0.3 39.3 0.4 60

48 59 3 11.9 LLWHRAQYEPLF 11.4 0.3 34.1 0.4 13.8 0.3 34.9 0.5 70

60 67 2 6.3 HMLSGPEA 49.0 0.4 68.0 0.6 49.5 0.6 67.6 0.4 80

71 82 2 8.2 TCINQTAEQQEL 25.2 0.5 51.0 0.7 34.3 1.2 72.7 0.2 90

71 96 3 12.6 TCINQTAEQQELEDEQRRLCDVQPFL 29.9 0.5 61.9 0.1 34.4 0.4 73.2 0.3

83 96 3 11.3 EDEQRRLCDVQPFL 15.2 0.6 52.1 0.4 20.4 0.8 58.3 0.2

102 116 4 6.2 VAREGDRVKKLINSQ 59.6 0.2 63.2 0.7 59.0 0.6 62.4 0.2

102 120 3 10.4 VAREGDRVKKLINSQISLL 37.9 0.2 48.3 0.2 39.8 0.2 58.2 0.4

120 127 3 5.7 LIGKGLHE 17.1 0.9 50.0 1.9 40.9 0.6 54.7 0.1

121 127 2 4.3 IGKGLHE 20.5 1.3 53.1 0.7 43.4 1.1 50.0 0.9

121 131 3 9.7 IGKGLHEFDSL 20.1 0.5 31.2 0.7 29.8 0.6 31.7 0.1

150 162 3 11.3 AAARRQQLGWEAW 24.4 0.6 61.6 0.3 30.2 0.2 64.8 1.0

163 190 3 13.2 LQYSFPLQLEPSAQTWGPGTLRLPNRAL 53.9 0.3 70.6 0.4 56.3 0.4 75.0 0.2

164 175 3 12.3 QYSFPLQLEPSA 15.1 0.1 25.2 0.1 17.6 0.5 30.8 0.3

168 191 3 12.2 PLQLEPSAQTWGPGTLRLPNRALL 62.4 0.7 76.4 0.2 64.1 1.0 77.9 0.1

183 191 3 9.5 LRLPNRALL 60.1 0.5 82.8 0.4 55.4 2.2 80.1 1.5

192 200 1 7.0 VNVKFEGSE 32.5 0.2 44.2 0.1 35.9 1.3 48.6 0.8

203 216 3 12.4 FTFQVSTKDVPLAL 24.4 0.7 41.0 0.4 24.6 1.4 47.1 1.9

205 216 2 11.1 FQVSTKDVPLAL 19.9 0.6 40.0 0.2 20.5 0.8 45.6 0.5

206 216 2 9.8 QVSTKDVPLAL 20.6 0.9 42.6 0.1 22.8 0.9 49.3 0.7

221 238 4 6.9 LRKKATVFRQPLVEQPED 55.8 0.4 66.7 0.3 54.9 0.4 65.5 1.5

228 238 2 7.7 FRQPLVEQPED 60.9 0.2 78.7 0.5 56.5 1.8 73.6 3.1

239 250 3 9.1 YTLQVNGRHEYL 5.5 0.2 10.2 0.1 7.1 0.3 17.8 0.1

251 258 1 9.6 YGSYPLCQ 11.0 1.1 14.0 0.8 16.9 2.1 28.9 0.3

251 259 2 12.9 YGSYPLCQF 6.6 0.2 7.6 0.1 8.3 0.4 13.0 0.2

265 274 3 8.2 CLHSGLTPHL 13.8 0.2 25.0 0.0 14.6 0.2 27.1 0.2

267 283 4 9.4 HSGLTPHLTMVHSSSIL 3.3 0.3 8.7 0.0 6.5 0.7 15.2 2.0

275 283 2 8.5 TMVHSSSIL 3.6 0.2 16.9 0.1 8.5 0.5 29.0 0.0

284 313 5 5.0 AMRDEQSNPAPQVQKPRAKPPPIPAKKPSS 70.8 0.3 73.3 0.4 70.7 1.6 72.6 0.0

284 316 5 6.3 AMRDEQSNPAPQVQKPRAKPPPIPAKKPSSVSL 65.1 0.2 66.9 0.1 64.9 1.0 66.5 0.2

317 327 2 13.9 WSLEQPFRIEL 12.6 0.1 24.3 0.1 14.8 0.1 28.0 0.2

328 337 2 4.2 IQGSKVNADE 26.9 0.6 51.9 0.2 38.3 0.7 60.5 0.6

328 341 4 6.9 IQGSKVNADERMKL 18.7 0.4 34.5 0.1 26.8 1.0 44.0 0.2

342 347 1 7.1 VVQAGL 3.7 0.7 4.2 0.7 6.7 1.3 6.3 0.1

342 353 2 9.7 VVQAGLFHGNEM 12.1 0.7 20.7 0.1 15.7 0.5 21.3 1.0

348 354 2 8.6 FHGNEML 18.2 0.1 31.3 0.0 23.7 1.3 28.1 0.7

355 362 2 3.5 CKTVSSSE 39.7 0.9 53.7 0.0 40.1 0.7 57.7 1.3

366 377 3 10.9 CSEPVWKQRLEF 19.7 0.5 43.8 0.0 20.3 0.1 48.2 0.2

369 377 3 10.3 PVWKQRLEF 19.3 0.4 36.6 0.5 21.2 1.2 42.9 0.3

378 384 2 12.5 DINICDL 1.1 0.3 4.6 0.0 3.4 1.4 7.3 1.2

381 387 2 9.9 ICDLPRM -2.4 0.2 16.7 0.5 2.2 2.0 18.6 0.4

388 392 2 9.7 ARLCF 1.7 0.3 2.4 0.9 1.6 2.5 5.4 1.6

426 439 4 9.1 FDYKDQLKTGERCL 20.8 0.1 35.5 0.2 23.8 1.1 39.8 0.2

439 452 2 12.5 LYMWPSVPDEKGEL 36.8 0.4 43.8 0.4 38.4 0.4 44.4 0.8

440 452 2 11.7 YMWPSVPDEKGEL 42.6 0.7 50.8 0.1 43.6 0.7 51.0 0.4

440 468 3 11.0 YMWPSVPDEKGELLNPTGTVRSNPNTDSA 37.7 0.5 56.0 0.4 40.1 0.2 59.5 0.3

453 468 2 5.6 LNPTGTVRSNPNTDSA 51.5 0.7 79.1 0.2 55.7 0.8 80.6 0.6

476 488 2 10.6 PEVAPHPVYYPAL 34.9 0.6 64.0 0.2 39.0 1.0 65.6 0.4

501 508 2 4.4 VHVTEEEQ 42.1 1.1 66.0 2.1 51.1 0.8 66.7 1.6

515 522 2 4.3 LERRGSGE 58.5 0.7 58.6 0.3 56.6 1.4 57.4 0.1

516 523 2 4.3 ERRGSGEL 58.5 0.7 58.6 0.3 56.6 1.4 57.4 0.1

524 529 2 3.2 YEHEKD 5.6 0.5 18.3 2.3 15.7 2.5 37.2 0.5

524 546 5 11.5 YEHEKDLVWKLRHEVQEHFPEAL 3.6 0.2 9.7 0.4 4.3 0.1 14.0 0.0

550 564 4 8.5 LLVTKWNKHEDVAQM 2.1 0.0 7.4 0.3 2.3 0.4 9.8 0.4

568 574 2 13.3 LCSWPEL 19.4 1.0 59.8 1.9 25.5 0.6 62.9 0.4

583 587 1 12.9 LDFSF 26.6 0.6 58.8 0.6 36.5 0.2 63.4 0.9

583 595 2 13.3 LDFSFPDCHVGSF 12.7 0.3 38.7 0.0 15.3 0.3 36.5 1.1

585 595 2 12.4 FSFPDCHVGSF 6.3 0.3 30.8 0.1 7.4 0.6 29.5 0.7

596 608 2 8.4 AIKSLRKLTDDEL 11.2 0.3 22.1 0.5 12.2 0.3 24.4 0.2

616 625 2 11.0 VQVLKYESYL 18.2 0.6 33.0 0.0 21.6 0.2 40.2 0.8

628 634 2 11.0 ELTKFLL 0.6 1.0 2.1 1.0 1.1 0.3 2.4 2.0

633 647 4 9.2 LLDRALANRKIGHFL 1.4 0.2 4.1 0.0 3.3 0.2 10.3 0.2
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Figure A1.4 cont.: All HDX p110δ and p85 peptide data for experiments examining 

conformational changes in APDS2 mutation in the basal state. 

 

p110δ

Start End Z RT Sequence 3.0 SD 300 SD 3.0 SD 300 SD

634 647 4 8.0 LDRALANRKIGHFL 2.6 0.1 7.5 0.3 5.1 1.0 17.3 0.2

635 646 4 6.4 DRALANRKIGHF 3.7 0.4 9.8 0.3 6.8 0.8 21.0 0.1

636 646 4 5.6 RALANRKIGHF 3.8 0.8 10.3 0.9 6.6 1.8 21.8 2.5

647 651 2 13.0 LFWHL 0.3 0.4 1.1 0.6 2.9 0.6 9.6 0.2

648 655 3 10.1 FWHLRSEM 1.2 0.5 1.5 0.3 4.7 0.3 7.7 0.9

662 668 2 13.3 LRFGLIL 1.3 0.3 1.8 0.1 3.6 0.2 10.5 0.2

683 689 2 5.9 MKQGEAL 1.9 0.8 4.5 0.2 11.0 1.2 23.9 4.9

698 713 5 5.0 FVKLSSQKTPKPQTKE 39.2 0.7 58.1 0.6 42.9 1.1 60.1 0.3

698 715 4 6.9 FVKLSSQKTPKPQTKELM 28.6 0.6 46.8 0.0 32.3 0.3 50.5 1.0

726 740 2 10.6 EALSHLQSPLDPSTL 7.6 0.5 27.0 0.5 12.6 0.8 35.6 0.3

726 741 2 12.1 EALSHLQSPLDPSTLL 5.9 0.3 24.1 0.5 11.7 1.8 33.9 0.6

728 740 2 10.2 LSHLQSPLDPSTL 8.4 0.5 31.3 0.2 15.7 0.0 42.1 0.4

746 751 1 9.0 VEQCTF 4.9 0.4 37.1 0.1 9.2 1.7 47.0 2.3

752 760 3 10.3 MDSKMKPLW 22.1 0.5 34.7 0.3 24.3 0.3 39.4 0.4

752 762 3 12.3 MDSKMKPLWIM 13.3 0.4 22.6 0.0 16.4 0.1 28.6 0.2

753 760 3 10.2 DSKMKPLW 23.3 0.5 38.4 0.8 32.8 0.9 46.3 0.2

753 762 3 12.4 DSKMKPLWIM 12.8 0.4 23.3 0.3 15.3 0.3 32.0 0.8

767 775 1 3.7 EAGSGGSVG 45.0 1.1 56.5 0.2 45.5 2.0 56.2 1.5

776 784 2 9.4 IIFKNGDDL 19.5 0.4 28.7 0.2 21.6 0.3 33.3 0.6

801 807 2 7.2 WKQEGLD 4.5 0.4 27.0 0.7 9.6 0.6 33.9 0.1

808 826 3 10.7 LRMTPYGCLPTGDRTGLIE 5.2 0.4 13.3 0.2 8.4 0.1 22.2 0.0

809 824 3 9.7 RMTPYGCLPTGDRTGL 5.5 0.6 16.4 0.2 11.6 2.3 30.4 1.5

827 836 2 6.5 VVLRSDTIAN 23.7 0.2 41.6 0.0 27.8 0.5 55.2 1.6

830 836 2 3.8 RSDTIAN 0.6 0.2 15.8 0.5 9.5 1.4 44.4 1.1

850 856 2 9.4 FNKDALL 57.5 5.7 69.7 0.5 61.7 1.8 73.4 1.7

851 856 2 7.6 NKDALL 46.4 0.5 65.4 0.1 46.5 1.4 67.7 0.8

856 868 3 9.8 LNWLKSKNPGEAL 35.1 0.3 49.4 0.0 37.7 0.4 51.3 0.1

857 868 3 9.0 NWLKSKNPGEAL 38.5 0.3 49.5 0.4 40.3 0.1 51.7 0.2

869 874 2 4.5 DRAIEE 2.3 0.4 6.5 0.2 7.0 0.8 14.8 1.4

875 881 1 9.6 FTLSCAG -1.7 0.3 -1.3 0.1 1.9 0.6 3.0 0.6

882 886 1 6.4 YCVAT -0.6 0.0 -0.1 0.3 1.9 0.8 2.6 0.3

887 898 3 7.9 YVLGIGDRHSDN 6.5 0.4 15.9 0.1 13.2 2.6 24.8 0.2

887 900 2 10.0 YVLGIGDRHSDNIM 3.0 0.2 9.2 0.2 7.4 0.2 16.3 0.1

901 907 2 5.8 IRESGQL 6.1 0.2 26.8 0.3 11.8 0.3 33.3 0.4

908 912 2 11.5 FHIDF 1.9 0.4 17.8 1.6 6.5 3.2 32.5 0.6

908 915 3 11.8 FHIDFGHF 13.1 0.9 28.7 0.6 18.9 0.2 34.1 0.2

908 919 3 13.8 FHIDFGHFLGNF 25.5 0.7 43.5 0.1 33.8 0.3 44.9 0.8

909 919 3 12.8 HIDFGHFLGNF 29.5 1.0 47.9 0.3 36.9 1.2 47.1 0.6

920 934 4 10.2 KTKFGINRERVPFIL 30.7 0.6 46.9 0.1 35.0 0.8 53.4 0.7

920 935 4 9.8 KTKFGINRERVPFILT 31.9 0.5 53.9 0.3 40.4 0.3 60.5 0.1

939 958 5 6.3 VHVIQQGKTNNSEKFERFRG 20.0 0.4 30.5 0.2 24.3 0.4 33.6 0.4

964 973 3 8.5 YTILRRHGLL 8.2 0.0 17.1 0.4 9.0 0.5 20.2 1.3

964 973 4 8.5 YTILRRHGLL 9.8 0.8 17.8 0.4 8.6 1.0 19.8 2.0

964 974 4 10.6 YTILRRHGLLF 6.9 0.3 15.7 0.3 7.5 0.2 18.9 0.6

978 989 2 12.5 FALMRAAGLPEL 22.1 0.5 59.8 0.2 32.4 1.9 62.4 0.2

982 989 2 9.5 RAAGLPEL 32.8 1.0 80.3 0.6 48.7 1.3 82.1 0.3

1010 1019 3 8.0 EALKHFRVKF 0.5 0.1 10.8 0.2 2.9 0.3 21.5 1.4

1024 1033 4 8.5 RESWKTKVNW 50.8 0.7 61.4 0.7 61.0 1.6 61.5 0.4

1024 1044 5 8.2 RESWKTKVNWLAHNVSKDNRQ 48.7 1.0 54.4 1.2 52.9 0.9 53.2 0.5

1034 1044 3 3.3 LAHNVSKDNRQ 55.2 1.2 55.4 0.0 53.3 0.8 54.6 0.6
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Figure A1.4 cont.: All HDX p110δ and p85 peptide data for experiments examining 

conformational changes in APDS2 mutation in the basal state. 

 

 

 

 

p85α >30% 8-15%

S E Z RT Sequence 15-30% <8% 3.0 SD 300.0 SD 3.0 SD 300.0 SD

8 13 2 7.7 YRALYD 6.1 1.0 19.4 0.6 5.6 0.6 19.2 0.6 0

14 21 3 3.0 YKKEREED 29.7 2.9 36.8 3.6 23.9 2.9 32.9 4.0 10

22 30 2 12.7 IDLHLGDIL 4.5 0.3 14.9 0.6 4.8 0.3 15.7 0.7 20

38 52 2 8.7 VALGFSDGQEARPEE 52.4 0.8 65.9 0.3 50.9 0.1 65.5 0.8 30

53 60 1 11.9 IGWLNGYN 16.0 0.8 27.6 0.2 16.6 1.0 28.1 0.5 40

59 72 2 7.8 YNETTGERGDFPGT 13.3 0.3 30.4 1.0 12.6 0.8 30.2 1.0 50

73 106 5 6.5 YVEYIGRKKISPPTPKPRPPRPLPVAPGSSKTEA 56.3 0.1 59.8 0.0 56.4 0.7 60.2 0.3 60

77 106 5 5.4 IGRKKISPPTPKPRPPRPLPVAPGSSKTEA 65.2 0.5 65.1 0.3 64.7 0.9 64.8 0.5 70

77 107 5 5.4 IGRKKISPPTPKPRPPRPLPVAPGSSKTEAD 65.7 0.6 65.8 0.2 64.8 0.9 64.1 0.1 80

113 118 1 12.0 LTLPDL 41.4 1.1 77.4 0.2 40.6 1.6 75.9 0.0 90

119 132 2 12.7 AEQFAPPDIAPPLL 19.8 0.5 38.6 0.4 19.5 0.4 38.5 0.1

122 132 2 12.7 FAPPDIAPPLL 20.1 0.5 41.4 1.3 22.8 0.3 44.7 1.7

133 138 2 7.4 IKLVEA 2.0 0.2 2.2 0.3 2.7 0.7 3.0 0.0

139 146 3 5.0 IEKKGLEC 22.7 0.2 58.8 0.5 27.6 0.4 60.7 1.2

149 158 2 6.4 LYRTQSSSNL 58.5 0.5 66.8 0.1 61.2 0.3 69.9 1.0

168 173 1 4.8 DTPSVD 81.7 0.5 81.8 0.4 81.4 1.6 81.3 0.0

177 185 2 9.3 IDVHVLADA 11.5 0.3 15.0 0.1 11.7 0.3 15.4 0.3

177 186 2 12.0 IDVHVLADAF 8.1 0.4 11.7 0.2 9.1 0.3 13.4 0.3

186 202 3 12.0 FKRYLLDLPNPVIPAAV 13.2 0.0 18.6 0.5 12.9 0.2 18.5 0.1

186 203 3 12.4 FKRYLLDLPNPVIPAAVY 12.1 0.2 18.2 0.3 11.8 0.4 18.1 0.1

207 218 1 8.7 ISLAPEVQSSEE 68.7 0.8 74.1 0.1 65.0 3.2 71.2 4.9

207 218 2 8.7 ISLAPEVQSSEE 68.5 0.9 74.0 0.1 66.2 0.4 70.6 0.0

220 237 4 10.4 IQLLKKLIRSPSIPHQYW 7.8 0.6 30.3 0.4 7.7 0.2 33.1 1.1

223 237 3 8.8 LKKLIRSPSIPHQYW 8.0 0.1 21.6 0.1 8.3 0.3 21.7 0.3

238 261 4 13.6 LTLQYLLKHFFKLSQTSSKNLLNA 13.0 0.0 22.2 0.3 13.1 0.2 22.3 0.6

242 261 3 10.4 YLLKHFFKLSQTSSKNLLNA 16.5 0.3 27.7 0.6 17.6 0.6 28.7 1.1

262 266 1 4.7 RVLSE 2.1 0.8 3.4 0.6 3.4 1.1 5.6 2.0

262 268 2 11.0 RVLSEIF 0.8 0.9 2.1 1.3 1.7 0.4 2.2 1.6

262 272 2 13.1 RVLSEIFSPML 1.3 0.2 10.9 0.0 1.4 0.1 10.7 0.1

267 272 1 12.2 IFSPML 0.0 0.2 28.5 0.2 3.5 1.2 31.7 0.9

273 286 2 9.5 FRFSAASSDNTENL 50.4 0.9 61.0 0.2 50.5 0.6 61.4 1.1

287 291 2 7.1 IKVIE 0.7 0.8 0.8 0.7 1.9 1.1 4.5 0.3

294 325 4 7.8 ISTEWNERQPAPALPPKPPKPTTVANNGMNNN 76.9 0.6 76.9 0.7 76.3 1.4 75.9 1.0

294 326 4 8.2 ISTEWNERQPAPALPPKPPKPTTVANNGMNNNM 77.2 0.6 77.0 0.7 77.7 1.0 77.6 0.9

299 325 4 6.3 NERQPAPALPPKPPKPTTVANNGMNNN 80.5 0.2 80.8 0.3 80.4 0.6 82.6 1.0

299 326 4 7.1 NERQPAPALPPKPPKPTTVANNGMNNNM 79.3 1.3 78.9 0.7 79.3 2.0 80.9 0.0

329 333 1 9.0 QDAEW 30.9 0.8 47.9 0.4 35.7 1.5 58.8 1.9

333 341 2 12.1 WYWGDISRE 38.8 0.8 56.7 0.1 33.5 1.0 59.8 0.2

334 341 2 9.4 YWGDISRE 47.2 0.9 66.6 0.1 41.2 0.6 66.4 0.6

342 349 2 4.6 EVNEKLRD 25.5 0.7 63.7 0.3 29.4 3.9 67.2 1.2

342 355 3 7.9 EVNEKLRDTADGTF 20.1 0.0 43.2 0.5 18.9 0.5 52.9 0.8

346 355 3 6.7 KLRDTADGTF 18.0 0.3 31.8 0.5 17.9 1.2 43.7 1.2

356 371 4 7.1 LVRDASTKMHGDYTLT 23.6 0.2 27.7 0.3 20.3 0.4 35.9 0.7

356 372 4 9.4 LVRDASTKMHGDYTLTL 19.1 0.5 22.9 0.4 16.2 0.3 30.9 1.3

372 380 3 3.5 LRKGGNNKL 21.6 0.6 43.9 0.3 31.4 0.2 49.6 0.6

373 380 2 3.1 RKGGNNKL 22.4 0.8 41.9 1.0 32.3 0.6 47.9 0.5

381 398 4 11.0 IKIFHRDGKYGFSDPLTF 21.8 0.4 29.3 0.2 22.5 0.3 32.0 0.4

381 401 4 10.9 IKIFHRDGKYGFSDPLTFSSV 25.1 0.7 33.3 0.1 25.6 0.4 35.7 0.6

402 413 3 8.6 VELINHYRNESL 26.2 0.2 27.4 0.0 23.7 0.3 28.6 0.2

405 413 3 6.0 INHYRNESL 36.8 0.2 38.8 0.0 33.5 0.6 39.8 0.4

414 420 1 7.1 AQYNPKL 85.4 0.2 86.3 0.6 80.0 0.7 85.8 0.9

414 420 2 7.1 AQYNPKL 87.0 0.3 89.9 0.2 80.4 1.1 88.3 0.4

421 437 3 0.0 DVKLLYPVSKYQQEIQM 48.1 0.5 66.8 0.2

480 487 2 8.0 KRTAIEAF 3.1 0.8 5.9 0.5 25.1 0.8 65.0 0.3

508 520 4 4.8 YIEKFKREGNEKE 47.6 0.9 53.9 1.0 48.0 0.9 54.1 0.8

522 538 4 7.0 QRIMHNYDKLKSRISEI 5.2 0.1 30.4 0.3 7.9 0.5 29.4 2.1

538 549 4 8.1 IIDSRRRLEEDL 1.1 0.2 20.5 0.4 10.4 0.9 51.3 0.5

556 570 4 7.8 YREIDKRMNSIKPDL 3.4 0.1 17.0 0.4 59.5 1.1 59.4 0.3

557 570 3 7.3 REIDKRMNSIKPDL 3.8 0.2 18.3 0.5 60.9 1.1 62.2 0.2

571 581 4 7.2 IQLRKTRDQYL 1.4 0.2 18.2 0.2 55.2 0.5 56.2 0.9

582 596 3 7.1 MWLTQKGVRQKKLNE 40.3 0.6 58.6 0.4 66.7 0.7 66.8 0.2

582 596 5 7.2 MWLTQKGVRQKKLNE 36.5 0.3 54.4 0.7 64.1 0.7 64.6 0.8

610 637 4 7.4 VEDDEDLPHHDEKTWNVGSSNRNKAENL 21.6 0.1 30.2 0.2 23.4 1.0 37.1 0.0

638 646 3 4.5 LRGKRDGTF 17.7 0.4 25.4 0.7 19.2 1.1 36.0 0.9

647 656 3 3.6 LVRESSKQGC 53.5 0.7 60.4 0.1 54.8 1.1 65.2 0.3

647 657 3 5.1 LVRESSKQGCY 44.5 0.7 54.9 0.2 45.4 0.4 56.5 0.7

661 680 4 7.4 VVVDGEVKHCVINKTATGYG 26.0 0.2 37.4 0.3 28.7 1.4 50.4 0.2

661 687 4 10.4 VVVDGEVKHCVINKTATGYGFAEPYNL 21.1 0.5 39.6 0.1 30.5 0.5 50.3 0.1

681 687 2 10.7 FAEPYNL 29.1 0.8 67.9 0.1 63.3 1.6 76.0 0.3

694 703 3 8.5 LVLHYQHTSL 4.9 0.1 10.6 0.3 9.8 1.0 26.9 0.3

697 703 2 5.1 HYQHTSL 8.6 0.4 18.2 0.4 15.5 0.6 33.4 0.1

704 710 2 5.1 VQHNDSL 23.4 0.3 36.1 0.1 25.1 0.7 35.5 0.2

711 719 2 11.0 NVTLAYPVY 3.9 0.3 17.6 0.2 6.3 1.5 50.9 0.5

711 724 3 8.7 NVTLAYPVYAQQRR 33.8 0.1 46.7 0.2 35.9 2.4 65.6 0.9
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Figure 43: All HDX p110 and p85 peptide data for experiments examining 

conformational changes in APDS2 mutation in the basal state. 

The charge state (Z), residue start (S), residue end number (E), and retention time (RT) are 

displayed for every peptide. Three time-points are labelled (3, 30, 300 seconds), and the 

relative level of HDX is coloured on a blue-to-red continuum (% deuterium incorporation). 

Data listed are the average of 3 independent experiments, with SDs presented. ##No 

coverage for the specific peptide. 

p110α >30% 8-15%

S E Z RT Sequence 15-30% <8% 3.0 SD 300.0 SD 3.0 SD 300.0 SD

11 20 3 11.7 WGIHLMPPRI 37.6 0.2 56.2 0.3 41.9 0.4 61.4 0.9 0

11 23 3 12.4 WGIHLMPPRILVE 27.1 0.1 46.9 0.6 30.0 0.2 49.2 0.5 10

24 30 2 10.9 CLLPNGM 1.8 0.2 18.0 0.2 3.7 0.7 24.0 0.5 20

37 42 2 7.2 LREATL 0.7 0.3 15.6 0.1 1.8 0.4 24.3 0.1 30

43 62 5 9.4 ITIKHELFKEARKYPLHQLL 8.0 0.2 26.7 0.1 8.6 0.6 25.9 0.4 40

50 64 4 8.5 FKEARKYPLHQLLQD 17.3 0.0 42.5 0.3 20.3 2.3 42.6 0.4 50

71 76 1 5.4 VSVTQE 7.1 0.4 29.3 0.4 15.3 0.7 39.9 0.4 60

77 82 2 7.1 AEREEF 11.9 0.3 32.1 0.7 16.5 1.2 34.3 1.5 70

83 91 3 7.1 FDETRRLCD 3.3 0.1 14.2 0.9 4.3 0.2 20.2 0.5 80

83 92 3 10.0 FDETRRLCDL 1.7 0.1 11.0 0.4 2.5 0.2 18.8 0.2 90

92 99 2 14.0 LRLFQPFL 1.0 0.1 5.3 0.4 2.5 0.2 13.3 0.1

93 99 2 12.8 RLFQPFL 0.9 0.1 1.5 0.4 2.9 0.5 4.0 0.3

100 116 4 6.9 KVIEPVGNREEKILNRE 30.4 0.1 57.5 0.7 51.7 0.4 61.2 0.8

100 119 4 9.8 KVIEPVGNREEKILNREIGF 20.3 0.9 47.3 0.4 46.0 0.5 59.5 0.2

114 119 2 8.8 NREIGF 9.5 0.3 22.6 3.2 39.2 3.4 70.9 1.9

120 127 1 9.6 AIGMPVCE 20.9 0.1 48.4 2.2 50.7 0.3 75.7 2.5

129 138 2 6.9 DMVKDPEVQD 30.4 0.3 49.3 1.4 45.9 1.2 55.4 0.5

131 138 2 5.1 VKDPEVQD 34.8 0.2 46.7 0.0 53.4 0.9 59.5 0.5

153 164 4 5.6 LRDLNSPHSRAM 25.8 0.2 44.4 2.0 33.5 0.2 50.0 1.5

154 164 3 4.6 RDLNSPHSRAM 29.7 0.1 47.4 2.4 36.7 2.4 49.6 3.5

165 192 3 10.2 YVYPPNVESSPELPKHIYNKLDKGQIIV 29.0 0.2 47.9 0.2 29.9 1.3 50.6 2.5

165 192 4 10.2 YVYPPNVESSPELPKHIYNKLDKGQIIV 29.3 0.2 48.2 0.0 30.9 0.4 50.0 1.1

193 209 3 11.7 VIWVIVSPNNDKQKYTL 29.3 0.1 43.6 0.8 32.0 0.7 44.9 1.2

196 209 3 8.2 VIVSPNNDKQKYTL 41.6 0.9 53.0 0.8 42.5 0.4 54.0 1.8

224 233 2 4.5 AIRKKTRSML 36.6 0.1 45.2 0.8 36.1 0.9 45.7 1.6

234 238 1 3.8 LSSEQ 71.9 2.3 72.8 1.0 70.9 2.7 72.0 5.0

261 269 2 9.3 FLEKYPLSQ 13.6 0.4 27.4 0.8 20.2 0.8 33.2 2.7

261 275 4 9.6 FLEKYPLSQYKYIRS 13.4 0.2 21.0 0.7 15.9 0.6 23.7 0.9

279 287 2 12.0 LGRMPNLML 18.3 0.3 31.6 0.7 20.8 0.4 31.1 1.9

280 287 2 11.4 GRMPNLML 20.5 0.1 33.2 0.3 22.0 0.4 35.3 0.7

288 293 2 6.2 MAKESL 44.0 1.8 72.0 6.0 49.5 2.1 75.4 1.0

294 301 2 10.2 YSQLPMDC 56.5 0.1 72.4 1.2 58.4 0.4 74.4 2.6

308 327 3 7.8 SRRISTATPYMNGETSTKSL 56.2 0.8 62.5 0.9 55.6 1.3 64.0 1.1

321 327 2 5.0 ETSTKSL 44.7 1.2 63.9 0.7 46.8 1.2 65.9 0.7

328 334 1 12.2 WVINSAL 39.0 0.4 50.5 0.2 38.4 0.5 51.7 1.0

335 342 2 8.1 RIKILCAT 2.2 0.4 24.2 0.1 2.7 1.0 26.3 0.2

343 350 2 7.7 YVNVNIRD 77.9 0.2 83.8 0.3 82.2 0.5 86.7 1.8

347 355 3 9.0 NIRDIDKIY 33.9 0.0 45.4 0.3 41.8 0.3 48.7 0.7

356 369 2 8.1 VRTGIYHGGEPLCD 5.9 0.1 9.5 0.6 8.8 1.3 15.5 2.2

356 369 3 8.1 VRTGIYHGGEPLCD 7.1 0.1 10.6 0.8 9.6 0.5 13.6 0.4

370 386 3 10.6 NVNTQRVPCSNPRWNEW 23.4 0.1 48.8 0.3 26.0 0.2 51.8 0.6

390 402 3 11.5 DIYIPDLPRAARL 4.4 0.1 13.2 0.4 6.1 0.4 16.8 1.4

391 402 3 11.0 IYIPDLPRAARL 2.9 0.3 3.8 0.3 5.0 0.1 6.8 0.3

408 429 5 10.6 SVKGRKGAKEEHCPLAWGNINL 5.0 0.5 8.5 0.4 5.2 0.4 9.8 0.4

430 436 1 10.9 FDYTDTL 4.3 0.5 25.9 0.3 7.4 0.6 33.0 1.0

437 443 2 7.8 VSGKMAL 34.5 0.2 44.3 0.8 36.4 1.2 46.7 0.8

444 455 2 13.1 NLWPVPHGLEDL 23.9 0.3 46.0 0.1 41.6 0.4 45.4 0.1

444 473 3 14.0 NLWPVPHGLEDLLNPIGVTGSNPNKETPCL 16.3 0.1 45.1 0.3 26.3 0.5 49.3 0.2

455 473 3 10.8 LLNPIGVTGSNPNKETPCL 18.0 0.1 51.8 0.3 22.9 0.8 55.6 0.2

456 474 2 9.4 LNPIGVTGSNPNKETPCLE 18.4 0.2 54.2 0.5 24.3 0.7 57.0 0.7

483 491 2 10.8 VVKFPDMSV 28.4 0.0 47.0 0.1 32.2 0.9 52.7 1.0

484 491 2 10.4 VKFPDMSV 36.0 0.8 57.6 0.5 44.9 0.6 65.6 0.5

492 498 2 8.3 IEEHANW 30.6 0.3 44.1 0.0 35.3 0.8 56.9 1.8

499 506 2 7.3 SVSREAGF 72.3 0.1 74.1 0.3 74.5 1.2 76.7 3.4

507 523 3 7.8 SYSHAGLSNRLARDNEL 44.9 0.6 45.8 1.4 45.8 1.0 45.3 1.0

523 533 4 4.9 LRENDKEQLKA 27.9 2.1 56.1 3.2 31.3 1.8 57.0 3.9

524 531 2 5.0 RENDKEQL 32.0 0.5 51.8 1.2 35.2 0.8 54.6 3.0

524 533 2 4.3 RENDKEQLKA 24.4 0.2 56.1 0.8 28.8 2.7 59.6 0.6

524 533 3 4.3 RENDKEQLKA 24.9 0.6 56.4 0.3 28.7 0.7 57.7 0.4

532 542 2 7.1 KAISTRDPLSE 17.7 0.2 48.0 0.1 23.6 2.3 48.5 0.9

532 542 3 7.1 KAISTRDPLSE 16.9 1.2 46.5 1.0 23.6 0.2 46.5 0.6

534 542 2 7.9 ISTRDPLSE 22.0 0.4 55.5 2.5 26.3 0.2 55.6 1.7

543 551 2 10.1 ITEQEKDFL 7.8 0.4 22.9 0.6 19.7 0.2 33.2 0.3

552 565 4 11.3 WSHRHYCVTIPEIL 2.3 0.2 23.3 0.5 5.4 2.9 26.1 1.9

552 570 4 13.0 WSHRHYCVTIPEILPKLLL 2.8 0.1 16.4 0.4 4.0 0.3 18.3 0.4

566 570 2 10.2 PKLLL 1.8 0.5 2.8 1.1 4.2 2.5 7.3 1.7

571 583 3 8.6 SVKWNSRDEVAQM 2.0 0.2 15.5 0.5 3.3 0.3 13.6 0.2

584 598 2 10.6 YCLVKDWPPIKPEQA 7.5 0.1 32.0 0.7 13.6 1.9 38.2 1.2

587 598 2 8.2 VKDWPPIKPEQA 8.9 0.1 38.6 0.1 14.0 2.2 48.4 3.2

602 613 2 9.8 LDCNYPDPMVRG 4.1 0.1 23.6 0.1 6.6 0.5 29.9 0.7

619 632 3 11.2 LEKYLTDDKLSQYL 6.7 0.0 33.1 0.5 9.1 1.0 37.1 1.2

636 648 2 12.3 VQVLKYEQYLDNL 7.3 0.1 18.7 0.1 9.6 0.2 21.6 0.8

649 666 5 10.0 LVRFLLKKALTNQRIGHF 1.2 0.4 2.9 0.3 2.7 0.7 4.1 0.7
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Figure A1.5 cont.: All HDX p110 and p85 peptide data for experiments examining 

conformational changes in APDS2 mutation in the basal state. 

 

 

p110α

S E Z RT Sequence 3.0 SD 300.0 SD 3.0 SD 300.0 SD

653 666 3 7.4 LLKKALTNQRIGHF 1.6 0.6 3.9 0.1 3.3 0.4 6.2 0.3

667 671 2 13.7 FFWHL 1.8 0.1 3.1 0.7 3.0 0.3 6.4 0.1

672 687 4 9.2 KSEMHNKTVSQRFGLL 6.7 0.3 24.6 0.6 10.1 0.8 27.6 0.6

691 697 2 7.1 YCRACGM 28.2 0.1 34.3 0.0 31.3 0.1 41.3 1.1

698 709 3 6.8 YLKHLNRQVEAM 2.4 0.3 5.0 0.1 4.2 0.4 13.3 1.2

713 734 5 10.7 INLTDILKQEKKDETQKVQMKF 47.3 0.1 60.0 0.7 49.4 0.2 65.9 3.3

720 734 5 6.7 KQEKKDETQKVQMKF 48.7 0.9 51.3 0.8 49.0 1.0 51.0 0.8

735 744 3 8.7 LVEQMRRPDF 18.8 0.5 68.7 0.7 35.6 1.5 72.3 2.1

745 764 3 14.1 MDALQGFLSPLNPAHQLGNL 2.0 0.1 11.7 1.0 5.0 1.6 14.2 1.7

745 766 3 14.0 MDALQGFLSPLNPAHQLGNLRL 7.3 0.2 16.0 0.0 8.9 0.8 16.8 0.9

746 764 2 13.7 DALQGFLSPLNPAHQLGNL 2.8 0.1 12.1 0.3 4.3 0.5 14.4 0.2

746 766 3 13.7 DALQGFLSPLNPAHQLGNLRL 8.1 0.1 16.5 0.3 8.8 0.1 18.4 0.5

751 764 2 11.7 FLSPLNPAHQLGNL 4.4 0.0 16.7 0.4 7.3 0.2 22.3 1.3

751 766 3 12.0 FLSPLNPAHQLGNLRL 11.3 0.1 20.9 0.3 12.8 0.3 24.2 1.2

769 781 4 10.4 CRIMSSAKRPLWL 17.4 0.2 32.4 0.4 20.1 0.6 33.7 2.4

782 789 1 11.2 NWENPDIM 33.7 0.2 61.1 0.3 36.1 0.9 64.0 0.2

799 807 2 9.6 IIFKNGDDL 19.8 0.2 29.9 0.5 24.2 1.9 35.1 1.6

799 811 3 9.5 IIFKNGDDLRQDM 11.7 0.1 30.5 2.5 14.6 0.6 28.4 1.3

815 821 2 9.6 QIIRIME -1.4 0.0 -0.5 0.3 2.4 0.3 6.0 0.0

816 821 2 9.2 IIRIME -0.5 0.3 -0.6 0.3 2.8 2.4 4.8 1.7

822 830 1 10.7 NIWQNQGLD 16.1 0.1 36.7 1.2 22.5 1.7 42.1 2.9

822 831 2 12.7 NIWQNQGLDL 11.8 0.1 31.3 0.6 14.1 0.2 32.3 0.6

831 839 2 12.5 LRMLPYGCL 3.7 0.1 17.1 0.5 6.0 0.0 21.0 0.5

832 839 2 11.5 RMLPYGCL 4.9 0.4 21.3 0.1 7.1 0.8 26.4 1.4

850 858 3 5.9 VVRNSHTIM 14.6 0.7 26.1 0.4 17.8 0.6 39.1 1.1

859 872 3 10.1 QIQCKGGLKGALQF 62.3 0.1 69.0 0.0 59.5 1.9 68.9 1.4

873 879 2 3.7 NSHTLHQ 11.1 0.5 37.3 0.4 12.9 2.5 35.1 1.3

880 893 4 7.8 WLKDKNKGEIYDAA 24.1 0.4 36.2 0.9 24.2 0.2 39.9 1.1

904 908 1 6.7 YCVAT -2.2 0.1 -0.8 0.6 -0.7 0.9 5.9 1.5

909 920 3 9.5 FILGIGDRHNSN 7.4 0.3 16.9 0.8 10.5 0.5 22.9 1.4

909 921 3 10.4 FILGIGDRHNSNI 4.5 0.1 12.5 0.7 6.1 0.9 15.0 0.4

922 929 2 6.7 MVKDDGQL 2.8 0.7 10.5 1.0 4.5 0.3 12.9 0.9

930 934 2 11.7 FHIDF 4.3 0.4 24.3 1.3 7.7 0.9 29.5 3.2

930 937 3 12.0 FHIDFGHF 7.2 0.3 28.4 0.7 13.2 0.7 28.9 0.8

961 976 4 7.0 LIVISKGAQECTKTRE 29.4 0.8 44.0 0.4 28.6 2.2 48.9 1.1

962 970 2 5.7 IVISKGAQE 22.8 0.3 35.0 1.5 23.4 0.5 37.1 0.4

962 976 3 5.7 IVISKGAQECTKTRE 32.2 0.4 48.1 0.4 31.6 0.8 45.5 0.6

984 989 2 9.1 CYKAYL -5.1 1.2 -3.3 1.5 -2.3 1.9 4.3 2.9

985 989 2 8.7 YKAYL -1.8 0.2 -0.2 1.0 0.6 2.2 5.5 2.5

990 997 2 5.1 AIRQHANL 11.1 0.3 36.4 1.8 12.8 0.6 36.7 0.4

1002 1006 1 13.3 FSMML 2.9 0.5 24.3 0.2 6.9 0.5 36.8 1.6

1006 1013 1 10.9 LGSGMPEL 26.4 0.4 51.0 0.6 38.9 0.5 64.0 1.4

1006 1015 2 9.0 LGSGMPELQS 22.9 0.4 57.4 2.5 15.5 0.5 59.1 2.6

1039 1055 4 8.0 FMKQMNDAHHGGWTTKM 22.5 0.5 27.2 0.6 23.3 1.1 29.2 0.8

1039 1055 5 7.9 FMKQMNDAHHGGWTTKM 21.9 0.2 26.3 0.3 23.0 1.3 27.3 0.8

1040 1055 4 7.1 MKQMNDAHHGGWTTKM 23.9 0.2 28.3 0.4 25.6 0.3 31.6 1.0

1060 1068 2 4.0 HTIKQHALN 55.2 0.2 57.4 1.6 53.2 1.0 57.2 1.3

1060 1068 3 4.0 HTIKQHALN 57.1 0.8 58.5 0.9 54.0 0.1 58.0 1.6

deletionWT
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Figure A1.5 cont.: All HDX p110 and p85 peptide data for experiments examining 

conformational changes in APDS2 mutation in the basal state. 

 

p85α >30% 8-15%

Start End Z RT Sequence 15-30% <8% 3.0 SD 300.0 SD 3.0 SD 300.0 SD

8 13 2 7.56 YRALYD 3.6 0.1 16.0 0.6 4.4 0.5 17.7 0.1 0

38 52 2 8.52 VALGFSDGQEARPEE 46.3 0.1 64.1 0.6 44.6 0.2 63.1 0.9 10

53 60 1 11.85 IGWLNGYN 13.6 0.1 26.8 0.5 15.0 0.5 28.7 0.7 20

73 106 5 6.5 YVEYIGRKKISPPTPKPRPPRPLPVAPGSSKTEA 55.2 0.0 59.5 0.0 55.8 0.4 60.1 1.0 30

77 106 5 5.23 IGRKKISPPTPKPRPPRPLPVAPGSSKTEA 64.2 0.1 64.9 0.6 64.1 0.1 65.1 0.7 40

77 107 5 5.19 IGRKKISPPTPKPRPPRPLPVAPGSSKTEAD 63.4 0.0 63.9 0.6 63.5 0.5 64.1 0.6 50

113 118 1 11.7 LTLPDL 37.8 0.1 77.4 0.8 36.8 0.8 76.3 0.6 60

119 132 2 12.63 AEQFAPPDIAPPLL 18.2 0.2 38.4 0.5 18.3 0.3 38.4 0.4 70

139 146 3 4.82 IEKKGLEC 28.7 1.5 62.9 0.7 31.2 2.4 64.1 1.7 80

149 158 2 6.33 LYRTQSSSNL 55.8 0.2 64.6 0.9 56.9 1.7 67.6 1.8 90

168 173 1 4.66 DTPSVD 80.2 0.3 81.2 0.7 81.3 0.7 81.2 0.3

177 186 2 11.91 IDVHVLADAF 8.6 0.2 11.9 0.8 11.5 0.9 17.2 2.0

186 202 3 11.85 FKRYLLDLPNPVIPAAV 12.9 0.2 18.3 0.1 12.9 0.1 18.2 0.3

186 203 3 12.32 FKRYLLDLPNPVIPAAVY 11.6 0.2 17.6 0.0 11.7 0.1 17.8 0.5

207 218 1 8.63 ISLAPEVQSSEE 66.0 1.3 74.8 0.1 62.1 2.8 67.7 1.7

220 237 4 10.27 IQLLKKLIRSPSIPHQYW 4.4 0.1 18.6 0.1 7.7 0.4 23.3 2.2

223 237 3 8.68 LKKLIRSPSIPHQYW 7.2 0.2 20.4 0.3 7.5 0.1 20.9 0.4

238 261 4 13.53 LTLQYLLKHFFKLSQTSSKNLLNA 11.9 0.2 21.0 0.2 11.9 0.1 21.3 0.1

242 261 3 10.27 YLLKHFFKLSQTSSKNLLNA 14.7 0.2 26.2 0.0 16.1 0.1 27.7 0.9

262 268 2 11.12 RVLSEIF 0.1 0.3 1.4 0.9 1.8 0.5 2.3 1.8

262 272 2 13 RVLSEIFSPML 0.0 0.1 9.9 0.2 2.0 0.4 13.6 2.3

267 272 1 12.42 IFSPML 2.3 0.3 27.2 0.4 2.6 0.8 31.9 2.2

273 286 2 9.37 FRFSAASSDNTENL 48.8 0.2 60.5 0.5 49.7 0.3 61.6 0.6

287 291 2 6.31 IKVIE -3.1 0.6 0.4 1.5 -1.7 1.0 2.4 0.9

294 325 4 7.78 ISTEWNERQPAPALPPKPPKPTTVANNGMNNN 76.8 0.2 77.3 0.3 77.1 0.4 77.8 0.9

294 326 4 8.19 ISTEWNERQPAPALPPKPPKPTTVANNGMNNNM 76.5 0.1 77.2 0.0 77.3 0.4 78.1 1.0

299 325 4 6.18 NERQPAPALPPKPPKPTTVANNGMNNN 80.3 0.2 81.1 0.5 79.8 0.4 82.3 0.4

333 341 2 12.01 WYWGDISRE 29.9 0.0 55.8 0.3 29.3 0.1 57.8 0.5

334 341 2 9.32 YWGDISRE 37.3 0.1 65.9 1.0 37.8 0.4 66.5 1.0

342 349 2 4.46 EVNEKLRD 14.2 0.4 49.8 2.3 22.0 0.3 59.7 0.6

342 355 3 7.88 EVNEKLRDTADGTF 15.2 0.4 33.4 0.8 16.7 0.2 43.7 0.8

356 371 4 6.98 LVRDASTKMHGDYTLT 19.4 0.3 27.1 0.3 18.6 0.1 30.7 0.5

356 372 4 9.22 LVRDASTKMHGDYTLTL 15.0 0.1 21.5 0.3 15.4 0.1 26.8 0.1

372 380 3 3.33 LRKGGNNKL 19.3 0.6 39.3 0.6 27.4 1.0 44.3 0.6

373 380 2 2.92 RKGGNNKL 20.4 0.5 37.0 0.7 27.7 0.7 43.5 0.6

381 398 4 10.8 IKIFHRDGKYGFSDPLTF 20.1 0.1 27.8 0.2 21.2 0.0 29.6 0.4

402 413 3 8.52 VELINHYRNESL 21.1 0.3 27.1 0.3 19.8 0.2 25.1 0.3

405 413 3 5.8 INHYRNESL 30.0 0.4 38.1 0.5 31.3 0.4 39.3 0.2

414 420 1 6.92 AQYNPKL 72.3 0.7 86.3 0.0 75.4 1.3 86.8 0.5

414 420 2 6.92 AQYNPKL 72.4 1.0 86.9 0.2 74.7 0.4 85.9 0.2

508 520 4 4.76 YIEKFKREGNEKE 35.7 0.1 50.5 2.0 35.8 0.7 51.2 0.6

538 549 4 8.09 IIDSRRRLEEDL 0.0 0.5 10.0 0.1 3.3 0.1 32.2 0.5

556 570 4 7.67 YREIDKRMNSIKPDL 0.9 0.1 19.3 0.7 58.6 0.6 59.5 0.9

582 596 3 6.98 MWLTQKGVRQKKLNE 38.0 0.0 56.8 0.8 62.4 0.7 64.5 0.9

610 637 4 7.4 VEDDEDLPHHDEKTWNVGSSNRNKAENL 21.0 0.3 34.7 0.4 21.9 0.1 35.5 0.5

638 646 3 4.34 LRGKRDGTF 16.1 0.4 29.3 1.0 17.7 0.6 30.6 0.8

647 656 3 3.53 LVRESSKQGC 50.5 0.7 60.1 1.0 51.7 1.2 61.5 1.8

647 657 3 4.92 LVRESSKQGCY 41.2 0.2 53.3 0.8 41.9 0.5 54.6 0.6

661 680 4 7.24 VVVDGEVKHCVINKTATGYG 24.6 0.2 45.4 0.8 25.7 0.5 46.4 0.6

661 687 4 10.43 VVVDGEVKHCVINKTATGYGFAEPYNL 28.1 0.0 47.4 0.1 28.5 0.3 48.3 0.7

681 687 2 10.64 FAEPYNL 63.0 0.6 77.7 1.5 63.3 0.6 75.3 0.8

694 703 3 8.33 LVLHYQHTSL 7.3 0.1 21.7 0.3 9.9 0.4 23.9 0.4

697 703 2 4.98 HYQHTSL 12.7 0.2 30.9 0.3 14.5 0.3 31.6 0.3

704 710 2 4.94 VQHNDSL 21.6 0.0 33.8 0.3 24.5 0.8 36.4 0.6

711 724 3 8.48 NVTLAYPVYAQQRR 31.7 0.0 57.2 0.1 37.7 0.9 60.3 0.5
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Figure 44: All HDX p110 and p85 peptide data for experiments examining 

conformational changes in the oncogenic p85-Q572* mutant in the basal state. 

The charge state (Z), residue start (S), residue end number (E), and retention time (RT) are 

displayed for every peptide. Three time-points are labelled (3, 30, 300 seconds), and the 

relative level of HDX is coloured on a blue-to-red continuum (% deuterium incorporation). 

Data listed are the average of 3 independent experiments, with SDs presented. ##No 

coverage for the specific peptide. 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

10 19 3 11.8 23.4 1.5 34.9 1.2 44.4 1.1 33.1 1.0 38.1 0.6 48.6 0.4

11 23 3 12.4 16.2 1.3 30.1 0.4 38.6 0.6 22.3 0.5 32.4 0.1 41.5 0.4

24 30 1 10.8 2.9 0.5 4.3 0.2 12.6 0.1 2.7 0.6 4.1 0.4 11.3 0.1

31 36 1 9.8 42.0 1.7 42.4 0.6 41.8 0.8 42.9 0.7 43.3 2.7 41.8 1.1

37 42 2 7.18 1.2 0.2 1.9 0.3 6.3 0.3 1.3 0.5 2.5 0.3 9.7 0.3

43 62 4 9.4 5.0 0.3 14.3 0.3 23.3 0.3 4.8 0.3 14.0 0.3 22.2 0.2

43 64 3 9.62 7.6 0.9 18.3 0.1 27.9 0.7 7.4 0.2 18.5 0.2 27.2 0.3

50 64 3 8.47 11.9 0.2 27.1 0.9 38.2 1.2 11.6 0.0 27.5 0.2 38.1 1.1

50 67 3 8.61 10.8 0.6 26.5 0.5 39.5 1.8 10.3 0.6 26.9 1.2 37.1 0.7

63 68 1 5.36 12.2 1.3 28.2 1.2 39.8 0.6 13.4 1.4 28.3 1.8 40.1 1.4

69 76 1 9.16 1.0 0.6 5.7 0.2 13.2 0.3 3.0 0.4 11.9 0.4 15.3 0.9

69 82 2 10.9 4.1 0.4 12.7 0.7 18.3 1.0 5.9 0.7 14.4 0.4 19.6 0.6

71 82 2 9.29 4.1 0.5 13.9 0.3 22.5 0.4 5.4 0.4 16.4 0.3 24.7 0.4

77 82 2 7.07 6.8 0.5 21.5 0.6 28.9 1.0 7.5 0.6 17.8 0.1 27.5 0.5

83 91 2 7.07 1.4 0.1 2.7 0.4 7.3 0.2 1.6 0.4 3.1 0.5 10.1 0.1

92 99 2 14.1 0.6 0.1 0.7 0.2 1.4 0.1 0.8 0.4 0.9 0.1 3.8 0.3

93 99 2 12.9 0.5 0.2 0.5 0.0 0.7 0.2 0.5 0.5 0.7 0.1 1.1 0.1

95 99 1 13.2 2.0 0.6 1.7 0.6 1.2 1.2 2.2 2.3 1.4 0.3 2.2 0.4

100 109 2 5.31 44.6 1.1 57.2 0.9 60.5 0.2 49.4 1.3 58.4 1.3 61.8 1.2

100 116 4 6.82 20.3 1.0 30.4 1.0 48.1 1.4 28.9 1.5 51.7 0.9 57.6 1.0

100 119 5 9.8 11.7 1.1 19.5 1.1 34.3 0.3 19.2 0.6 37.7 0.7 45.6 0.4

120 127 1 9.65 8.0 0.8 22.3 0.1 32.1 0.7 16.4 0.8 30.8 0.1 47.9 0.5

120 128 1 12.9 8.4 1.4 26.1 0.8 37.1 1.4 14.5 2.0 31.4 0.1 49.1 1.2

128 138 2 8.79 17.1 1.0 30.0 0.5 38.0 1.3 14.5 0.5 28.3 0.8 37.1 0.3

128 139 2 11 13.0 1.0 25.4 0.6 30.6 1.1 11.4 0.6 22.5 0.1 30.0 0.6

153 163 3 4.61 26.5 1.3 32.6 0.7 43.0 0.9 24.0 0.6 30.8 0.4 44.0 1.8

153 164 3 5.62 17.3 0.7 24.6 0.5 37.1 0.2 20.1 1.6 25.7 0.0 38.7 0.5

154 164 3 4.55 19.9 1.3 27.5 0.3 39.9 0.9 20.6 0.6 27.0 1.1 41.0 0.5

165 191 4 10.1 23.4 2.1 31.2 0.5 41.1 0.3 22.3 0.8 30.7 0.5 40.4 1.5

165 192 5 10.3 21.2 1.2 28.3 0.1 38.1 0.2 21.0 0.2 28.2 0.4 37.2 0.7

165 193 5 10.3 19.9 1.4 26.4 0.2 35.9 0.6 19.7 0.3 26.4 0.1 34.6 0.8

193 209 3 11.7 21.0 1.3 33.3 0.4 38.3 0.5 20.4 0.6 32.2 0.7 38.4 0.4

196 209 3 8.13 28.6 1.2 41.5 0.5 44.7 1.4 28.4 0.6 41.8 1.2 43.9 0.1

210 222 3 8.13 9.2 0.4 9.8 0.3 12.9 0.7 8.1 0.2 8.6 0.2 11.6 0.2

223 233 3 5.12 42.1 2.0 49.1 0.4 55.3 0.4 42.3 1.9 46.7 0.6 54.5 1.7

244 252 1 10.7 42.1 1.6 47.2 0.8 49.3 0.7 42.6 1.7 47.8 0.1 49.0 1.6

245 252 1 10 36.2 1.8 42.3 0.9 43.0 1.3 33.4 1.5 39.4 0.2 38.8 1.2

253 260 1 7.15 1.8 0.9 5.2 0.5 6.6 0.2 2.7 0.6 5.5 0.4 6.5 0.6

260 269 2 11 10.8 0.6 12.2 0.4 19.6 0.2 11.0 0.8 12.0 0.0 19.0 0.4

261 269 2 9.29 12.6 0.7 13.9 0.3 21.2 0.3 13.0 0.3 13.9 0.4 20.6 0.5

261 270 2 10.6 10.8 0.7 12.5 0.7 19.8 0.3 10.7 0.8 11.9 0.3 19.1 0.7

261 275 4 9.55 11.9 0.4 12.7 0.3 16.9 0.3 12.3 0.3 13.0 0.5 16.6 0.3

262 269 2 7.64 15.0 0.3 15.7 1.0 17.3 0.3 15.2 1.1 14.9 1.0 17.5 0.2

279 287 2 12 14.1 0.3 19.9 0.3 25.1 0.5 14.2 0.5 19.6 0.0 24.5 0.5

280 287 1 11.4 14.6 1.2 21.3 0.1 26.6 0.1 15.3 0.7 21.7 0.3 26.4 0.6

288 293 1 6.17 35.9 1.3 41.4 0.5 58.4 1.5 36.9 2.2 41.0 0.1 57.8 0.9

294 301 2 10.1 36.5 1.3 52.3 0.5 57.5 1.0 36.6 0.8 52.2 0.6 57.2 0.7

302 327 4 9.75 41.7 1.2 44.2 0.5 46.8 0.2 41.7 0.9 44.8 1.3 45.9 0.9

308 327 4 7.63 46.0 1.5 51.4 1.1 54.3 1.3 46.9 1.9 51.6 1.0 54.2 0.7

328 334 1 12.2 31.3 1.0 37.6 0.7 39.6 0.8 31.6 0.8 37.2 0.0 39.4 0.4

335 342 2 8.04 1.0 0.5 6.2 0.1 17.9 0.4 0.6 0.1 4.1 0.1 16.3 0.1

343 350 2 7.64 63.5 2.1 77.0 1.2 79.4 1.8 78.1 1.5 76.8 1.8 78.5 0.4

343 355 2 10.8 36.0 2.0 44.8 0.3 49.0 0.3 43.0 0.3 48.3 0.2 49.0 0.9

347 355 2 9 29.2 1.5 35.9 0.6 44.3 1.8 32.6 0.5 42.8 2.1 44.5 0.3

355 369 2 8.6 4.5 0.7 6.9 1.0 7.2 0.5 3.1 0.0 6.2 0.3 6.6 0.5

356 369 2 8 3.7 0.5 6.4 0.3 7.3 0.2 3.6 0.1 6.5 0.5 7.1 0.2

356 373 3 8.26 5.4 0.5 11.1 0.5 12.0 0.9 5.7 0.4 10.9 0.2 11.5 0.0

370 385 3 7.73 16.2 1.2 31.3 0.8 43.0 0.9 16.5 0.5 30.1 0.8 42.3 0.7

370 386 3 10.5 13.7 1.1 29.6 0.4 39.8 0.3 13.8 0.1 28.1 0.3 39.1 0.4

370 387 3 12 11.3 0.9 26.2 0.4 35.2 0.1 11.0 0.3 24.8 0.1 34.5 0.2

390 402 3 11.4 1.3 0.3 5.0 0.1 9.5 0.1 1.1 0.4 4.1 0.0 9.5 0.2

391 402 3 10.9 0.8 0.1 0.8 0.0 0.9 0.2 0.8 0.2 0.9 0.0 1.0 0.1

408 429 5 10.7 4.6 0.6 4.8 0.1 6.4 0.1 4.7 0.2 5.0 0.1 6.7 0.4

430 436 1 10.8 1.0 0.4 1.9 0.2 10.5 0.3 0.1 0.4 1.2 0.1 9.4 0.6

430 443 2 12.1 10.6 1.0 17.2 0.0 25.4 0.1 9.4 0.4 17.0 0.2 25.0 0.3

432 443 2 10.6 11.8 0.3 19.6 0.3 24.2 0.3 10.8 0.4 18.9 0.3 24.2 0.7

444 454 2 11.5 14.0 1.0 28.7 0.5 35.0 0.8 21.3 0.6 34.1 0.0 34.9 0.6

444 455 2 13.4 13.3 0.9 32.7 0.8 40.5 1.1 21.2 0.8 39.3 0.0 40.6 0.6

444 473 3 14 9.3 0.5 20.9 0.1 34.0 0.7 11.9 0.4 25.3 0.3 35.4 0.6

455 473 3 10.8 11.3 0.6 19.8 0.3 36.2 0.8 11.8 0.3 24.1 0.1 39.3 0.6

456 473 2 9.9 12.8 0.6 22.7 0.4 43.0 0.5 13.6 0.2 28.3 0.2 46.6 0.5

456 474 2 9.3 12.4 0.6 21.2 0.5 40.3 0.6 13.3 0.3 26.2 0.3 42.9 0.7

474 478 1 10.1 1.9 0.9 1.4 0.4 3.0 1.2 1.2 0.2 1.2 0.3 2.3 0.2

481 491 2 11 22.8 0.3 26.0 0.5 32.7 0.7 20.9 0.8 26.3 0.6 32.5 0.7

487 491 1 7.64 46.7 1.6 58.1 1.1 74.6 1.3 47.9 1.6 56.8 0.2 74.0 0.3

492 506 3 9.81 41.3 1.7 43.9 0.4 46.7 0.3 41.6 0.5 45.4 0.9 46.6 1.0

495 506 3 9.3 39.3 1.0 41.3 0.6 42.0 0.8 39.8 0.2 42.2 0.7 41.8 0.9

495 507 3 8.9 52.4 1.6 53.1 1.4 56.5 2.1 52.8 0.9 53.5 4.6 56.3 0.5

499 506 2 7.28 62.1 1.0 63.4 1.2 65.4 1.7 63.4 2.5 61.9 1.1 63.9 0.2

499 507 2 6.46 66.7 1.7 67.6 1.2 69.7 1.3 71.3 2.2 69.3 0.7 72.4 1.1

506 517 3 8.96 39.3 1.2 37.5 1.8 39.5 1.7 38.3 2.5 38.1 2.6 38.1 0.9

507 520 3 6.25 44.4 1.0 45.6 0.7 45.5 1.2 45.1 2.4 43.9 1.9 46.4 1.2

507 522 3 6.32 40.7 0.8 42.5 0.8 43.7 1.1 42.7 1.7 42.9 0.4 43.1 1.3

507 523 4 7.79 41.6 0.8 41.5 0.9 43.3 1.4 43.2 1.8 42.4 1.4 43.0 0.6

508 523 4 7.84 44.0 1.8 42.9 0.2 44.9 1.3 44.5 1.2 43.6 1.7 44.4 0.3
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Figure A1.6 cont.: All HDX p110 and p85 peptide data for experiments examining 

conformational changes in the oncogenic p85-Q572* mutant in the basal state. 

 

 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

524 531 2 4.91 20.1 1.7 40.1 0.7 47.4 0.2 19.1 0.6 39.8 0.9 46.4 1.0

524 533 2 4.28 15.7 2.0 31.6 0.0 46.6 0.8 15.4 0.6 31.8 0.3 45.0 0.9

532 542 2 7.02 11.3 1.2 18.5 1.9 32.6 0.9 11.2 1.3 17.9 0.2 30.0 0.5

534 542 2 7.88 13.2 0.3 21.7 0.2 39.3 1.2 13.1 0.4 20.6 0.6 35.4 0.2

543 551 1 9.97 3.6 1.2 10.4 0.5 15.2 0.5 8.9 0.1 13.3 0.2 15.8 0.6

550 565 4 12.6 2.2 0.5 8.0 0.3 16.6 0.2 2.1 0.5 7.4 0.3 15.9 0.4

552 565 4 11.4 1.3 0.3 9.3 0.1 19.7 0.2 1.3 0.1 8.7 0.0 19.0 0.4

552 570 4 13.1 1.1 0.2 5.9 0.1 12.5 0.1 1.0 0.1 5.4 0.0 11.8 0.1

561 570 2 13.8 0.6 0.2 2.5 0.2 6.5 0.2 0.7 0.4 2.2 0.2 6.0 0.2

571 583 2 8.59 0.7 0.2 2.3 0.1 8.4 0.4 0.7 0.1 2.0 0.1 7.3 0.1

584 598 3 10.6 3.8 0.7 13.2 0.3 23.5 0.2 3.5 0.5 12.3 0.1 22.6 0.6

585 598 3 9.82 3.2 0.5 12.6 0.7 23.4 0.4 3.0 0.6 13.1 1.2 22.2 0.2

587 598 2 8.18 4.9 0.6 16.0 0.9 31.3 0.6 4.2 0.3 15.0 0.7 28.9 0.3

601 614 2 12.5 1.9 0.9 5.7 0.4 13.1 0.8 2.3 0.4 6.2 1.0 12.3 0.2

602 613 2 9.55 2.5 0.7 7.7 0.5 17.5 0.2 2.9 0.4 8.1 0.3 17.7 0.6

602 615 3 11.6 1.5 0.4 6.1 0.9 11.7 0.3 1.3 0.4 6.4 1.5 11.6 0.7

602 628 5 13.8 6.7 0.7 11.2 0.5 20.7 0.9 6.7 0.3 11.4 0.3 20.0 0.6

602 630 5 13.6 5.6 1.0 10.1 0.5 20.8 0.3 4.7 0.8 10.5 0.4 20.7 0.2

614 628 4 11.8 8.7 1.2 15.4 1.3 27.5 0.2 8.5 1.0 15.6 0.8 27.6 1.3

615 632 3 11.6 6.8 0.2 13.1 0.4 26.9 0.3 6.9 0.8 12.9 0.2 27.3 0.2

619 632 3 11.1 5.5 0.4 11.4 0.2 27.5 0.4 5.4 0.4 11.5 0.4 27.1 0.4

631 635 1 12.6 -0.2 0.8 -0.3 1.7 0.3 1.0 0.2 0.3 0.1 0.6 0.8 0.3

636 648 2 12.4 3.6 0.6 10.6 0.2 16.0 0.3 3.2 0.3 10.8 0.1 15.9 0.1

636 649 2 13.9 3.4 0.7 10.1 0.3 15.5 0.4 3.1 0.1 10.5 0.3 15.3 0.2

649 666 4 9.75 0.4 0.1 0.4 0.0 0.6 0.1 0.4 0.2 0.5 0.0 0.7 0.2

653 666 3 7.33 0.3 0.3 0.7 0.3 0.8 0.2 0.5 0.3 0.5 0.2 1.6 0.1

667 671 2 13.7 0.5 0.1 0.5 0.2 0.6 0.2 0.7 0.2 0.9 0.1 0.7 0.1

672 687 4 9.29 6.2 0.3 9.4 0.2 19.3 0.3 6.6 0.0 10.1 0.5 20.2 0.6

676 687 2 9.61 7.1 1.4 11.0 0.6 23.6 0.5 7.7 0.8 11.8 0.6 25.2 0.0

688 692 1 7.87 1.3 0.7 0.2 1.7 1.3 1.2 1.0 1.6 1.2 1.4 1.5 1.0

691 697 2 7.06 21.3 1.1 27.9 0.6 30.3 0.7 21.5 0.7 28.1 0.6 29.6 0.1

698 708 2 5.63 0.8 0.6 3.0 0.7 4.7 0.5 0.6 0.3 2.6 0.7 4.3 0.7

698 709 3 6.91 0.3 0.1 1.5 0.1 2.2 0.1 0.3 0.2 1.3 0.2 2.3 0.1

713 717 1 7.54 2.9 1.2 3.3 1.6 6.8 0.5 2.3 0.7 4.6 0.1 11.5 0.2

714 735 4 10.7 40.3 2.0 47.9 0.5 53.7 0.6 43.9 0.4 48.8 0.2 57.1 1.3

716 734 3 7.99 42.4 0.4 49.1 0.5 57.0 1.4 45.0 0.4 50.8 0.8 57.7 0.8

720 734 4 6.61 43.1 1.3 49.7 1.9 51.0 1.1 46.7 1.7 49.6 0.6 50.1 0.3

735 744 2 8.56 9.2 1.1 36.9 0.8 60.8 0.8 13.5 1.5 43.9 0.5 60.3 0.4

745 764 3 14.1 1.1 0.1 1.9 0.3 5.1 0.3 1.1 0.3 2.0 0.2 5.3 0.2

745 766 3 14.1 4.8 0.2 6.2 0.1 9.4 0.2 4.7 0.2 6.3 0.1 9.3 0.1

746 764 3 13.6 1.2 0.2 1.4 0.1 4.8 0.2 1.0 0.1 1.5 0.1 4.7 0.2

746 766 3 13.7 4.9 0.4 6.2 0.1 9.4 0.1 4.7 0.2 6.2 0.1 9.2 0.1

751 764 2 11.7 1.3 0.3 1.8 0.2 6.0 0.2 1.4 0.3 1.9 0.0 6.1 0.1

751 766 3 11.9 6.5 0.5 8.2 0.1 11.6 0.1 6.3 0.3 8.2 0.0 11.5 0.1

767 781 4 10.9 15.3 0.9 22.7 0.6 29.1 0.4 15.4 0.4 23.5 0.3 28.6 1.0

769 781 3 10.4 13.6 0.9 21.6 0.5 26.9 0.2 13.9 0.3 22.2 0.3 26.7 0.5

782 789 1 11.2 20.0 1.1 38.3 0.7 46.6 2.5 20.1 1.0 37.6 0.4 46.7 0.9

782 791 1 10.8 26.6 2.2 42.5 1.0 45.7 3.2 26.0 0.6 41.4 0.4 46.9 0.5

793 797 1 6.66 45.7 2.8 58.4 0.8 60.6 2.0 45.7 1.8 58.3 0.4 60.4 1.3

793 798 1 7.13 29.4 1.3 44.7 0.6 55.7 2.0 29.7 1.4 43.9 2.1 55.7 0.2

798 811 3 9.96 6.3 0.8 14.4 0.6 24.0 0.5 6.1 0.5 14.7 0.4 24.4 0.9

812 816 1 11.4 1.3 0.5 1.0 0.3 1.5 0.3 0.8 1.1 0.5 0.7 0.8 0.3

815 821 2 9.5 0.3 0.2 0.4 0.1 0.6 0.1 0.4 0.0 0.5 0.0 0.7 0.1

822 830 1 10.6 11.9 1.1 15.5 0.5 25.2 0.8 11.9 0.7 15.4 0.0 24.4 0.5

822 831 1 12.7 7.6 0.6 10.2 0.3 18.1 1.1 7.3 0.7 10.0 0.6 17.4 0.5

831 839 2 12.4 1.7 0.2 6.5 0.2 12.0 0.1 1.8 0.3 6.4 0.1 12.0 0.2

832 839 2 11.5 2.5 0.2 8.0 0.1 15.2 0.1 2.1 0.6 7.5 0.4 15.0 0.2

840 847 1 11 3.3 0.8 5.7 0.4 7.9 0.3 3.5 0.6 5.5 0.1 7.7 0.5

848 858 3 7.68 11.8 0.8 20.0 0.4 25.8 0.7 13.2 0.6 21.3 0.4 26.4 1.1

848 859 2 7.19 11.3 1.3 19.3 1.3 27.7 0.9 11.2 0.6 19.5 0.2 28.8 1.8

859 872 3 10.1 56.3 0.5 58.7 0.5 62.4 0.1 58.4 0.7 58.9 1.0 63.1 0.5

873 893 2 8.17 11.5 0.7 22.2 0.2 25.5 1.2 10.8 0.6 22.1 1.3 24.4 0.8

880 893 2 7.84 15.1 1.0 29.7 0.7 32.5 1.0 14.1 0.5 29.3 1.6 32.2 0.3

892 896 1 9.71 0.4 0.8 1.4 0.5 2.7 0.9 0.9 0.5 1.5 1.1 1.5 0.9

904 908 1 6.62 0.9 0.5 1.6 0.1 1.7 0.2 0.9 0.5 1.2 0.1 1.2 0.2

909 920 2 9.51 3.5 1.3 9.8 2.2 13.3 0.9 5.9 0.6 10.3 2.3 12.8 1.2

909 921 2 10.4 2.2 0.5 6.5 0.6 9.1 0.1 3.1 0.4 7.8 0.3 10.0 0.4

921 929 1 8.04 0.3 0.3 2.5 0.5 8.1 0.6 0.3 0.4 2.7 1.1 8.3 1.0

923 929 1 5.64 1.9 0.2 3.6 0.4 9.0 0.6 2.2 0.5 3.4 0.5 8.8 0.8

930 956 5 10.4 7.4 0.6 10.9 0.1 18.9 0.6 8.3 0.1 13.6 0.2 21.1 0.4

961 976 4 7.25 27.1 1.0 33.1 1.2 42.1 0.8 28.2 1.5 32.1 0.7 41.8 0.1

961 980 4 9.13 14.6 1.3 17.4 0.9 26.7 0.8 14.6 0.7 18.3 1.1 25.7 0.8

962 976 4 5.62 29.2 0.9 36.5 0.4 45.8 0.9 30.1 0.8 35.3 0.4 45.9 0.7

962 980 4 8.34 13.1 1.1 17.0 0.9 26.8 1.0 13.0 0.5 16.6 1.4 25.7 1.1

985 989 1 8.61 -0.5 1.0 0.3 2.6 0.2 2.1 -0.3 0.2 -1.6 0.1 0.0 0.5

990 997 2 5.06 8.8 0.9 21.2 0.6 35.6 0.2 9.0 0.3 20.8 0.3 35.5 0.5

1002 1006 1 13.2 1.0 0.6 2.1 0.2 11.8 0.6 1.0 0.8 2.1 0.2 13.7 0.3

1005 1013 1 11.9 18.3 2.7 32.2 0.5 42.5 2.2 19.3 0.8 34.6 1.1 45.0 1.4

1017 1021 1 7.94 10.0 1.3 22.9 0.3 25.1 0.4 7.6 0.6 22.8 0.0 25.7 0.5

1022 1028 2 7.58 0.4 0.2 0.3 0.1 1.1 0.3 0.3 0.1 0.1 0.2 1.3 0.5

1029 1036 1 6.35 16.2 1.6 29.9 0.5 41.4 0.7 17.1 2.1 29.4 0.2 42.5 1.5

1034 1038 1 8.6 0.8 0.9 0.9 0.8 1.9 0.5 0.0 0.5 0.4 0.2 1.5 0.1

1039 1055 4 7.89 18.9 0.7 21.8 0.4 24.5 0.5 19.3 0.5 22.3 0.5 24.0 0.3

1060 1068 2 4.22 56.7 2.4 57.4 0.2 58.6 0.8 57.7 1.7 56.8 0.5 59.9 0.7
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Figure A1.6 cont.: All HDX p110 and p85 peptide data for experiments examining 

conformational changes in the oncogenic p85-Q572* mutant in the basal state. 

 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

8 13 1 7.9 1.9 0.1 2.8 0.2 9.9 0.9 1.1 0.3 2.4 0.4 9.2 0.1

12 21 3 4.7 23.1 1.6 37.4 1.3 38.3 0.4 22.3 0.3 36.8 1.0 38.9 0.6

22 30 1 13 3.7 0.8 6.8 1.5 12.4 1.2 2.2 0.4 5.3 0.6 11.3 0.5

25 30 1 10 0.5 0.3 1.1 0.3 2.7 0.4 0.6 0.1 1.1 0.0 2.3 0.2

25 37 3 10 21.0 1.6 22.3 0.9 21.9 1.3 22.2 1.5 21.6 0.9 22.2 1.2

31 37 1 5.5 70.1 1.1 72.9 0.3 74.0 0.4 72.4 1.3 71.8 0.8 74.0 1.4

38 52 2 8.9 28.9 1.5 47.4 0.6 52.2 1.7 27.9 0.4 48.0 0.5 52.0 0.4

43 52 2 4.3 22.5 2.5 55.5 0.4 64.9 1.5 20.1 0.7 55.2 0.2 67.4 3.1

53 58 1 12 7.6 0.9 24.1 0.3 29.3 0.6 6.7 0.3 23.0 0.2 29.0 0.5

53 60 1 12 5.9 0.6 17.4 0.2 21.7 0.4 5.2 0.2 16.5 0.0 21.5 0.4

53 72 2 12 4.1 0.5 13.5 0.2 18.5 0.7 3.7 0.0 13.0 0.1 18.3 0.2

53 73 2 12 3.8 0.5 12.2 0.3 17.0 0.5 3.4 0.1 11.8 0.0 16.8 0.2

59 72 2 7.9 4.5 0.6 13.8 0.3 20.0 0.4 4.0 0.2 13.6 0.1 19.4 0.3

59 73 2 9 4.0 0.5 11.2 0.3 16.3 0.2 3.6 0.4 11.1 0.6 15.7 0.1

60 72 2 7.5 4.8 1.1 14.2 0.2 18.1 0.7 4.2 0.2 14.4 0.3 18.7 0.3

61 72 2 7.4 5.1 0.7 15.2 0.5 17.5 0.8 4.6 0.2 15.3 0.2 17.1 0.2

73 106 5 6.7 50.0 0.7 55.1 0.6 56.4 1.1 51.7 1.8 54.5 0.7 55.7 0.7

74 106 5 6.3 51.8 0.8 56.7 0.7 57.7 1.1 53.5 1.9 56.3 0.1 57.3 1.0

77 106 5 5.9 59.2 1.0 61.2 0.2 61.2 0.3 61.0 1.6 60.8 0.1 61.1 1.2

77 107 5 5.6 58.6 1.0 60.7 0.5 60.3 0.6 60.8 1.6 60.5 1.1 60.8 1.2

107 112 1 4.7 75.7 2.4 74.1 0.8 76.9 1.7 78.2 2.0 75.0 0.9 77.3 1.1

108 118 2 12 47.6 1.3 61.1 0.7 66.5 1.3 48.6 1.9 60.5 0.0 67.3 0.9

111 118 1 12 43.4 3.1 63.9 0.5 74.5 1.4 44.2 2.5 62.6 0.5 74.2 1.1

113 118 1 12 18.2 2.4 51.5 0.8 67.3 1.4 16.7 1.7 49.3 0.1 67.0 0.9

119 132 1 13 9.5 1.0 22.3 0.4 30.8 0.9 8.8 0.7 22.1 0.2 30.2 0.4

133 149 2 11 13.5 0.9 25.5 1.9 37.4 0.9 14.0 0.6 24.4 1.8 36.7 0.2

136 146 2 6.9 9.0 1.2 22.3 1.4 31.8 0.4 9.0 0.7 21.3 0.3 31.9 1.2

138 146 1 5.8 12.8 1.2 31.4 1.0 46.7 1.2 12.8 1.0 31.1 0.4 45.4 0.9

138 149 2 7.9 17.4 0.9 31.7 1.6 48.0 0.6 15.5 0.3 31.0 0.9 45.6 1.5

149 158 2 6.7 48.1 1.8 52.1 1.5 58.1 1.6 49.4 2.1 51.3 0.6 57.4 1.8

149 160 2 6.4 45.6 0.9 56.1 1.7 59.3 0.3 46.3 0.9 53.6 1.9 58.5 1.6

150 158 2 6 58.9 1.3 61.6 0.6 61.5 0.8 61.1 1.7 61.0 0.7 61.9 1.5

150 160 2 5.5 53.0 1.2 61.9 0.4 62.1 0.4 55.0 0.8 62.3 2.7 62.9 1.0

161 167 1 9.7 20.3 2.6 33.9 2.2 45.4 2.1 23.9 3.0 38.2 3.0 49.6 1.7

162 173 2 9.1 35.4 1.7 39.9 0.7 45.8 3.5 36.3 1.4 40.0 1.1 46.8 1.8

168 173 1 5 74.8 1.2 75.2 0.3 76.6 0.6 77.7 1.7 75.4 0.5 77.6 0.3

168 174 1 9 70.5 2.4 70.8 1.6 72.1 4.5 71.4 2.0 71.9 1.3 73.0 2.2

177 186 2 12 7.5 0.7 9.4 0.3 10.7 0.6 7.5 0.4 9.6 0.1 10.9 0.8

186 202 3 12 10.1 0.5 12.4 0.1 14.3 0.2 10.1 0.5 12.4 0.1 14.0 0.2

186 203 3 13 10.0 0.5 12.1 0.2 14.3 0.2 9.8 0.5 11.8 0.1 13.7 0.3

187 202 2 12 11.4 0.8 13.9 0.1 16.0 0.5 11.9 1.0 14.2 0.2 15.7 0.5

207 218 1 8.9 45.7 2.8 63.1 1.1 63.2 3.7 44.5 1.7 63.1 1.3 63.9 1.2

207 219 1 10 42.1 2.4 58.4 0.4 62.3 0.7 40.8 0.9 57.8 0.5 61.8 0.7

220 237 3 11 4.2 0.5 5.5 0.7 11.3 0.3 4.2 0.6 5.1 0.2 10.3 0.2

223 237 3 9 6.5 0.2 7.3 0.1 13.5 0.2 6.6 0.3 7.4 0.1 12.7 0.2

238 259 5 14 5.3 0.2 9.0 0.6 12.7 0.5 5.4 0.9 9.2 0.1 12.5 0.4

242 261 4 11 12.0 0.8 16.8 0.2 21.5 0.2 12.2 0.4 16.8 0.1 21.5 0.6

260 272 2 14 1.4 0.5 2.4 1.0 8.0 0.5 1.6 1.1 2.4 0.2 7.1 0.8

262 272 2 13 0.9 0.2 1.6 0.1 6.2 0.1 1.0 0.2 1.5 0.1 5.7 0.3

267 272 1 13 1.2 0.5 3.6 0.2 16.8 0.6 1.4 0.8 2.6 0.1 15.4 0.6

273 285 2 8.1 49.3 2.1 51.7 2.1 55.3 1.5 50.4 1.4 52.5 2.2 55.6 1.3

273 286 2 9.7 37.4 1.6 42.4 0.8 48.7 0.8 38.3 1.0 42.1 0.8 48.8 0.7

278 286 1 6.5 44.4 0.5 50.4 1.0 56.4 1.4 47.5 0.5 48.7 0.3 57.4 2.3

282 286 1 6.1 46.8 1.7 58.8 1.8 75.7 0.7 49.5 1.0 58.7 4.0 76.1 1.5
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Figure A1.6 cont.: All HDX p110 and p85 peptide data for experiments examining 

conformational changes in the oncogenic p85-Q572* mutant in the basal state. 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

287 291 1 6.6 1.4 0.5 1.6 0.4 4.0 1.5 1.0 0.5 1.7 0.1 3.9 0.9

294 326 3 8.4 69.5 0.7 69.4 0.9 72.1 0.9 70.8 1.2 70.0 0.7 70.6 0.3

294 328 4 9.3 67.7 0.6 68.7 0.5 69.4 0.8 69.1 1.1 68.8 0.8 68.8 0.7

297 325 4 7.5 69.1 0.9 70.4 0.8 71.4 1.5 72.3 1.8 69.9 0.9 69.6 0.6

298 328 3 9 70.6 0.5 71.7 0.3 72.4 0.5 72.6 1.3 72.3 0.4 72.2 0.7

329 333 1 9.4 23.0 0.9 32.3 0.2 39.3 1.4 23.6 0.2 32.1 0.9 39.3 1.0

333 341 2 12 21.1 1.3 38.7 0.5 49.7 1.2 21.4 1.0 38.8 0.1 50.2 0.6

342 355 2 8.1 10.3 0.9 17.2 0.7 25.7 1.0 9.7 0.4 17.0 0.8 24.5 0.7

346 355 2 6.9 10.6 0.9 16.2 0.7 21.3 0.7 10.5 0.7 15.8 0.5 19.8 0.7

350 355 1 7.4 5.2 0.6 8.0 0.7 8.2 0.8 6.2 1.3 8.2 0.5 8.9 0.4

356 371 2 7.3 16.6 0.4 21.3 0.9 24.6 0.6 17.0 1.0 21.7 0.6 24.0 0.5

356 372 4 9.6 13.8 0.1 17.4 0.2 20.3 0.2 14.0 0.1 17.9 0.4 20.8 0.4

371 380 2 4.1 12.2 2.2 19.1 1.4 27.7 0.6 15.1 0.5 26.9 0.7 35.9 0.6

372 380 2 3.8 11.9 2.7 21.1 1.8 31.6 2.1 17.0 3.6 30.8 1.3 38.5 2.1

381 398 3 11 16.9 0.8 22.3 0.2 25.9 0.1 17.3 0.3 22.1 0.1 25.6 0.3

381 400 3 11 17.8 0.7 23.6 0.2 27.9 0.2 18.7 0.3 24.2 0.5 28.0 0.4

381 401 4 11 20.4 0.8 25.7 0.2 29.2 0.1 20.8 0.4 25.6 0.1 29.1 0.5

402 413 2 8.7 11.4 1.0 23.4 0.3 24.5 0.6 11.2 0.1 23.8 0.2 24.5 0.3

404 413 3 7.1 14.0 0.4 28.2 0.8 29.0 0.6 14.6 0.8 29.0 0.5 29.1 0.2

405 413 2 6.1 16.9 1.8 36.3 0.6 36.4 0.8 17.3 0.8 36.3 0.5 35.6 0.9

414 420 1 7.3 50.3 1.9 77.6 0.7 81.8 0.9 53.7 0.9 78.8 1.3 80.5 1.0

421 434 3 9.5 25.0 0.8 36.5 0.3 43.5 0.6 26.2 0.5 39.2 0.9 44.1 1.0

421 435 3 9.4 26.7 0.5 37.6 0.2 43.4 0.4 27.6 0.7 39.0 0.2 43.8 0.3

444 456 3 7.1 0.9 0.1 2.7 0.3 11.3 0.6 45.5 2.4 44.7 1.6 44.2 0.3

467 476 2 6 1.1 1.0 3.4 0.3 15.3 0.1 9.7 0.6 47.2 1.4 60.9 1.2

477 486 2 6.6 2.0 1.0 1.8 0.6 4.2 1.0 2.1 0.4 5.8 0.3 22.8 1.4

477 487 2 9.3 0.8 0.2 0.8 0.2 2.7 0.2 0.7 0.3 3.4 0.4 14.7 1.0

487 495 2 11 0.9 0.2 1.1 0.9 0.9 0.2 0.3 0.1 1.2 0.4 1.1 0.3

487 498 2 12 0.9 0.7 0.9 0.1 4.4 0.5 0.6 0.5 0.9 0.4 5.5 1.1

499 507 2 4.1 27.3 3.6 55.5 1.7 70.7 0.8 23.7 0.5 51.7 0.7 70.9 0.9

508 520 2 5.1 30.1 3.0 48.0 1.4 52.0 0.4 29.6 0.5 47.4 2.3 54.6 0.8

508 527 5 7.5 12.1 1.0 27.6 1.1 39.8 0.7 11.7 0.9 27.5 1.1 37.7 0.9

508 537 5 9.2 5.6 0.3 15.9 0.5 29.2 0.4 5.3 0.1 16.5 0.4 26.9 0.3

521 537 4 7.2 1.7 0.6 6.0 0.8 20.7 0.3 1.8 0.2 5.8 0.4 16.8 0.5

538 555 4 7.4 0.6 0.4 2.4 0.2 14.7 0.3 2.1 0.3 14.0 0.2 34.1 0.5

538 556 4 8.9 1.5 0.3 2.8 0.3 14.5 0.1 2.6 0.3 16.8 0.4 37.8 0.3

548 555 2 3.9 1.1 0.3 4.8 2.0 29.2 1.8 4.2 1.2 34.2 0.7 74.5 0.4

556 570 4 8 0.4 0.3 1.7 0.0 7.4 0.5 # # # # # #

571 581 3 7.4 0.2 0.2 1.0 0.0 5.3 0.5 # # # # # #

582 596 3 7.3 18.8 1.3 36.6 1.0 41.1 1.3 # # # # # #

582 606 4 9.9 18.5 1.2 31.6 0.3 34.7 0.7 # # # # # #

610 637 4 7.6 13.1 0.3 19.9 0.4 24.8 0.6 # # # # # #

610 646 5 8.2 10.9 0.3 16.0 0.2 23.0 0.7 # # # # # #

614 637 4 7.1 14.3 0.5 22.0 0.4 28.2 0.8 # # # # # #

614 646 5 8.1 11.3 0.1 16.5 0.3 24.5 1.0 # # # # # #

647 656 2 3.9 37.6 1.5 41.9 0.5 45.4 0.6 # # # # # #

647 657 2 5.4 26.9 0.5 35.8 0.9 38.2 0.4 # # # # # #

648 657 2 4.6 35.3 2.0 44.7 0.8 47.4 0.2 # # # # # #

661 680 3 7.6 14.7 0.7 22.4 0.4 30.5 0.5 # # # # # #

661 687 4 11 15.8 0.8 26.6 0.2 32.2 0.1 # # # # # #

662 680 3 7 15.9 0.3 24.0 0.7 31.8 0.8 # # # # # #

662 687 4 11 16.5 0.8 27.8 0.3 33.1 0.2 # # # # # #

681 687 1 11 38.8 1.4 54.3 0.4 56.7 0.7 # # # # # #

697 703 1 5.3 8.3 1.0 16.1 0.7 25.3 0.4 # # # # # #

704 710 1 5.5 14.5 0.9 24.4 0.6 26.7 0.4 # # # # # #

704 711 2 4.4 19.8 1.0 30.8 1.2 32.7 0.6 # # # # # #

705 712 2 4.4 19.8 1.0 30.8 1.2 32.7 0.6 # # # # # #

711 719 1 11 1.8 0.4 3.9 0.1 20.1 0.8 # # # # # #

S E Z RT 3 SD 30 SD 300 SD

556 571 5 8.73 24.6 0.4 40.8 3.0 45.0 0.0

557 571 3 8.37 25.2 0.5 40.7 2.9 44.9 0.1
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Figure 45: HDX differences in oncogenic p85-Q572* mutant in the basal state. 

Differences in exchange at all time points for a selected set of peptides (some overlapping 

peptides have been removed, but all data can be found in Fig. 40) that undergo decreases 

(positive values) / increases (negative values) in exchange between WT and p85-Q572* 

mutant are shown. The specific conditions being compared are labelled above the selected 

columns. Increases/decreases greater than 0.5 Da and 7% are coloured according to the 

legend. 

S E Z RT 3 SD 30 SD 300 SD 	 >	10%	

10 19 3 12 -9.7 2.4 -3.2 1.8 -4.1 1.4 >	7%

100 116 4 6.8 -8.6 2.5 -21.2 1.8 -9.5 2.3 -7%	-	7%

100 119 5 9.8 -7.5 1.7 -18.2 1.7 -11.2 0.7 >	-7%

120 127 1 9.7 -8.4 1.6 -8.5 0.2 -15.8 1.2 >	-10%	

120 128 1 13 -6.1 3.5 -5.4 1.0 -12.0 2.6

343 350 2 7.6 -14.6 3.6 0.2 3.0 0.9 2.2

444 454 2 12 -7.3 1.7 -5.4 0.5 0.1 1.4

444 455 2 13 -8.0 1.6 -6.6 0.8 -0.1 1.7

p110⍺ WT	vs	p85⍺	(Q572*)

S E Z RT 3 SD 30 SD 300 SD

371 380 2 4.06 -2.9 2.8 -7.8 2.0 -8.2 1.2 	 >	10%	

444 456 3 7.08 -44.6 2.5 -42.0 1.9 -32.9 0.9 >	7%

467 476 2 5.99 -8.6 1.6 -43.8 1.7 -45.5 1.3 -7%	-	7%

477 486 2 6.57 -0.1 1.4 -3.9 0.9 -18.6 2.4 >	-7%

477 487 2 9.34 0.2 0.5 -2.6 0.5 -12.0 1.2 >	-10%	

538 555 4 7.44 -1.5 0.7 -11.6 0.4 -19.3 0.8

538 556 4 8.86 -1.1 0.6 -14.0 0.7 -23.3 0.4

548 555 2 3.92 -3.2 1.6 -29.4 2.7 -45.2 2.2

p85⍺ WT	vs	p85⍺	(Q572*)
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Figure 46: All HDX p110 and p85 peptide data for experiments examining 

conformational changes in the C-terminal p85-iSH2 mutants in the basal, 1 uM 

PDGFR pY, and 20 uM PDGFR pY states. 

The charge state (Z), residue start (S), residue end number (E), and retention time (RT) are 

displayed for every peptide. Three time-points are labelled (3, 30, 300 seconds), and the 

relative level of HDX is coloured on a blue-to-red continuum (% deuterium incorporation). 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

10 19 3 11.78 13.1 0.5 25.0 1.3 31.2 0.5 12.9 0.2 26.0 1.0 31.8 0.5 11.8 2.6 23.9 2.1 31.2 0.9 15.5 0.6 25.7 1.0 32.4 1.4 14.8 0.4 26.6 0.7 32.7 0.4 14.8 0.7 26.5 0.3 32.2 1.1

11 23 3 12.38 9.1 0.7 19.8 1.3 27.6 0.1 8.6 0.5 21.2 0.6 28.2 0.2 8.4 1.0 19.7 1.4 28.0 0.9 10.6 0.4 20.9 0.2 28.7 0.9 9.7 0.2 21.5 0.3 28.4 0.4 9.8 0.2 21.5 0.2 28.6 0.5

24 30 1 10.82 1.8 0.3 3.2 0.2 7.3 0.4 2.0 0.3 3.2 0.1 7.2 0.1 2.6 0.2 3.9 0.3 8.4 0.6 1.7 0.5 3.0 0.3 7.3 0.3 2.0 0.3 3.1 0.1 7.4 0.3 2.8 0.5 4.5 1.1 7.7 0.3

31 36 1 9.80 33.6 1.8 35.1 1.8 35.3 1.6 32.7 1.3 36.5 2.7 35.7 2.5 30.3 3.7 34.7 1.8 34.5 1.3 34.0 1.0 35.4 0.4 36.8 2.5 34.1 1.2 36.4 1.7 35.0 0.7 31.7 0.7 35.7 0.4 34.1 0.8

37 42 2 7.18 0.7 0.1 1.0 0.1 2.7 0.1 0.7 0.1 1.1 0.0 2.6 0.1 1.1 0.3 1.4 0.0 3.1 0.1 0.9 0.1 1.3 0.1 2.9 0.2 1.0 0.1 1.2 0.0 2.9 0.2 1.0 0.2 1.1 0.2 3.1 0.2

43 62 4 9.40 2.7 0.3 9.0 0.5 15.5 0.2 2.4 0.3 9.7 0.3 15.8 0.1 2.1 0.2 8.7 1.2 15.8 0.5 2.8 0.2 9.3 0.1 16.1 0.8 2.6 0.2 9.8 0.2 15.9 0.3 2.4 0.2 9.6 0.1 15.4 0.6

43 64 3 9.62 4.3 0.3 11.7 0.7 19.3 0.2 4.0 0.4 12.1 0.3 19.1 0.3 4.2 0.3 11.8 0.8 19.6 1.3 4.6 0.2 11.4 0.4 19.5 1.0 4.4 0.0 12.1 0.8 18.5 0.4 4.2 0.2 12.3 0.3 19.6 0.5

50 67 3 8.61 5.9 0.1 15.7 1.2 25.6 0.3 5.5 0.3 17.2 0.6 26.7 0.3 6.4 0.6 16.1 2.4 26.2 0.8 6.6 0.4 16.8 0.3 26.5 1.5 5.8 0.8 17.1 0.8 25.2 0.8 6.4 0.2 17.3 0.4 25.7 1.3

63 68 1 5.36 7.6 0.8 18.7 1.7 30.6 2.1 8.1 0.7 21.5 1.2 30.4 0.5 9.4 1.6 21.2 0.8 33.0 2.1 9.0 0.8 20.5 1.0 30.2 2.5 8.2 1.9 19.5 1.3 31.8 1.0 7.4 1.2 22.2 2.6 30.8 1.5

69 76 1 9.16 0.3 0.1 1.9 0.3 8.4 0.2 0.5 0.1 3.4 0.3 9.3 0.4 0.3 0.1 3.0 0.3 9.5 0.2 0.4 0.1 2.3 0.2 8.9 0.8 0.2 0.1 3.2 0.2 9.3 0.1 0.4 0.5 3.5 0.3 9.5 0.2

69 82 2 10.88 1.8 0.2 7.0 0.5 12.5 0.7 1.6 0.4 8.3 0.9 12.8 0.2 1.7 0.4 6.6 0.7 11.6 1.0 1.9 0.4 7.4 0.2 12.8 0.8 2.0 0.4 8.1 0.6 12.3 0.1 1.8 0.3 7.3 0.6 11.4 0.9

71 82 2 9.29 1.6 0.0 7.5 0.5 15.3 0.4 1.4 0.1 9.2 0.4 15.9 0.3 1.6 0.4 8.2 1.2 16.2 0.8 1.7 0.1 8.1 0.1 16.2 0.7 1.5 0.1 8.9 0.4 15.3 0.2 1.5 0.0 8.9 0.1 15.9 0.6

77 82 2 7.07 2.9 0.2 13.4 1.4 21.3 0.5 3.0 0.2 14.9 0.5 21.5 0.4 3.4 0.3 13.5 1.4 21.8 0.7 3.7 0.8 14.7 0.4 22.4 0.9 3.7 0.6 15.2 0.5 21.3 0.6 4.3 0.2 14.5 0.3 22.0 0.6

83 91 2 7.07 0.8 0.3 1.4 0.2 3.1 0.1 0.9 0.2 2.0 0.1 4.0 0.5 # # # # # # 0.5 0.2 1.6 0.3 3.7 0.2 1.0 0.1 2.0 0.1 4.2 0.2 # # # # # #

92 99 2 14.05 0.1 0.1 0.2 0.1 0.4 0.1 0.2 0.1 0.2 0.1 0.5 0.0 0.3 0.1 0.5 0.1 0.7 0.1 0.2 0.1 0.2 0.0 0.6 0.1 0.2 0.2 0.4 0.1 0.6 0.1 0.2 0.1 0.4 0.2 0.7 0.1

93 99 2 12.88 0.4 0.1 0.3 0.1 0.4 0.1 0.4 0.1 0.4 0.3 0.5 0.1 0.8 0.1 0.9 0.1 1.0 0.3 0.2 0.1 0.2 0.2 0.3 0.2 0.3 0.0 0.7 0.2 0.5 0.1 0.8 0.2 0.9 0.3 1.0 0.3

99 103 1 6.63 0.6 0.5 0.5 0.7 2.5 0.6 0.4 0.2 0.8 0.2 1.8 0.0 0.6 0.1 1.0 0.1 2.5 1.0 0.4 0.6 1.1 0.5 2.5 0.5 0.6 0.2 1.2 0.5 2.4 0.3 0.1 0.3 0.8 0.3 2.3 0.3

100 116 4 6.82 11.5 0.5 18.5 1.0 31.1 0.3 11.7 0.6 23.2 0.4 37.8 0.3 12.3 0.9 21.9 2.4 37.8 1.7 12.2 0.3 19.5 0.3 32.6 1.4 12.1 0.1 21.0 0.4 33.9 0.4 12.7 0.1 24.3 0.6 39.3 1.1

100 119 5 9.80 6.6 0.4 10.8 0.6 20.8 0.3 6.7 0.5 14.5 0.4 26.6 0.2 7.1 0.8 14.1 1.3 26.9 1.4 6.7 0.4 11.3 0.1 21.9 1.1 6.8 0.1 12.8 0.3 23.0 0.5 7.4 0.1 15.8 0.4 27.8 0.7

120 127 1 9.65 2.8 0.2 11.6 0.9 20.5 0.1 3.9 0.2 15.0 0.8 23.5 0.3 4.1 0.7 13.6 1.1 23.3 1.2 3.2 0.2 12.5 0.2 22.1 1.2 3.7 0.2 14.1 0.4 22.2 0.2 4.5 0.1 14.8 0.5 24.1 0.6

120 128 1 12.92 3.1 0.7 12.7 0.8 24.1 0.3 3.9 0.1 16.0 0.9 26.5 0.4 4.1 0.1 14.4 1.2 26.5 1.5 3.1 0.6 13.0 0.4 25.0 1.2 3.3 0.3 14.1 0.3 24.9 0.5 4.1 0.3 15.7 0.2 26.9 0.7

128 138 2 8.79 9.3 0.5 17.6 1.2 26.8 0.5 8.8 0.4 19.6 0.4 27.3 0.2 9.8 1.3 19.5 0.3 27.6 0.8 9.7 0.6 18.4 0.2 27.8 1.0 9.3 0.1 19.3 0.5 27.1 0.4 9.6 0.1 19.7 0.4 27.3 0.4

128 139 2 10.98 7.2 0.6 14.3 0.6 22.4 0.3 6.7 0.4 15.6 0.7 22.6 0.8 6.9 0.5 14.7 1.9 22.9 1.0 7.6 0.2 14.6 0.3 23.4 1.3 7.1 0.2 15.4 0.5 22.5 0.4 7.3 0.5 15.4 0.7 22.5 0.6

145 152 1 5.35 0.4 1.0 1.4 1.1 5.5 0.9 1.2 0.8 1.8 1.0 6.0 0.5 2.2 0.3 2.8 1.0 7.0 1.3 0.9 0.3 1.9 1.3 7.6 0.5 0.7 0.8 2.6 1.5 7.3 2.2 1.8 0.3 2.6 1.8 7.8 1.4

153 163 3 4.61 13.7 0.6 18.5 1.0 27.8 0.2 13.3 0.4 21.0 1.6 27.9 0.6 13.5 1.2 19.1 2.8 28.3 1.8 13.8 0.9 19.4 0.1 28.3 2.6 13.5 0.6 19.8 0.3 27.5 0.8 13.0 0.4 19.7 0.1 27.6 1.8

153 164 3 5.62 12.4 1.1 16.9 1.4 25.9 0.5 12.1 0.7 18.6 1.4 26.3 0.9 12.6 1.5 17.3 1.6 26.7 0.9 16.5 1.8 20.8 0.5 30.1 1.2 15.0 2.2 21.4 1.1 29.4 0.6 15.1 1.5 21.9 2.1 29.4 0.5

154 164 3 4.55 12.5 0.4 17.0 1.5 25.6 0.3 11.8 0.9 18.6 1.4 26.2 1.5 # # # # # # 12.6 0.1 17.5 0.3 26.5 1.3 11.9 0.8 18.2 0.2 25.4 0.7 # # # # # #

165 192 5 10.26 13.4 0.4 20.0 1.4 26.0 0.1 12.6 0.9 20.9 0.9 26.5 0.5 12.6 1.2 19.5 1.7 26.5 1.3 13.9 0.8 19.9 0.0 26.7 1.5 13.3 0.1 20.8 0.2 25.7 0.4 12.8 0.3 20.7 0.4 26.0 0.8

165 193 5 10.32 12.5 0.5 18.8 1.2 25.0 0.2 11.9 0.8 19.7 0.9 25.1 0.3 11.5 1.0 17.7 1.6 25.2 0.7 13.1 0.8 19.1 0.2 25.4 1.2 12.4 0.1 19.7 0.3 24.5 0.3 11.6 0.2 19.1 0.2 24.1 1.3

193 222 5 11.01 9.9 0.7 15.8 1.1 19.9 0.3 9.5 0.4 16.3 0.9 19.5 0.6 9.1 0.7 15.5 1.9 20.4 0.6 10.4 0.6 15.5 1.0 20.1 1.7 9.7 0.4 16.8 0.1 20.2 0.0 9.1 0.4 16.6 0.9 19.6 0.4

196 209 3 8.13 19.6 0.8 30.6 2.1 34.4 0.4 18.6 1.0 31.6 0.6 33.8 0.4 18.6 1.5 29.7 3.0 33.9 1.3 19.9 0.4 30.6 0.8 34.3 1.1 19.0 0.4 31.2 0.8 33.4 0.5 18.9 0.5 31.5 0.8 34.0 1.0

210 220 2 6.99 6.8 0.4 8.7 0.6 10.5 0.1 6.6 0.3 8.6 0.4 10.3 0.4 7.1 0.6 8.7 0.4 10.6 0.7 7.5 0.2 9.1 0.2 11.1 0.2 7.0 0.2 9.1 0.1 10.9 0.4 6.8 0.1 9.2 0.5 11.1 0.2

253 260 1 7.15 0.9 0.9 4.5 1.1 5.8 0.6 0.8 0.7 4.9 0.2 4.9 0.3 0.4 0.2 3.7 0.1 6.2 0.6 0.8 0.5 3.8 0.9 5.7 0.4 1.4 0.2 3.7 0.4 5.3 0.7 0.8 0.4 4.7 0.7 5.4 1.3

260 269 2 10.99 7.8 0.4 8.6 0.8 13.4 0.4 7.8 0.3 9.0 0.3 13.4 0.3 7.9 0.3 8.7 0.0 13.3 0.9 7.8 0.3 8.8 0.2 13.4 0.1 7.9 0.1 9.3 0.2 13.2 0.5 7.8 0.2 8.8 0.2 12.8 0.7

261 269 2 9.29 9.5 0.3 10.1 0.9 14.9 0.1 9.4 0.4 10.3 0.2 15.0 0.1 9.4 0.7 10.1 0.2 14.4 0.4 9.4 0.1 10.4 0.5 15.3 0.6 9.3 0.1 10.8 0.2 14.7 0.4 9.3 0.2 10.5 0.2 14.1 0.1

261 270 2 10.55 7.8 0.4 8.8 1.0 13.2 0.2 7.8 0.4 8.9 0.4 13.2 0.4 7.9 0.4 8.8 0.2 13.3 0.2 8.0 0.1 9.0 0.5 13.4 0.4 7.8 0.1 9.2 0.1 13.2 0.4 7.8 0.2 8.8 0.0 12.9 0.5

261 275 4 9.55 8.5 0.5 9.3 0.7 11.7 0.1 8.3 0.4 9.8 0.1 11.8 0.2 8.8 0.5 9.9 0.6 12.1 0.4 8.7 0.4 9.6 0.1 12.0 0.4 8.5 0.1 9.9 0.3 11.6 0.4 8.6 0.3 9.9 0.2 11.9 0.2

263 269 2 6.97 0.6 0.6 0.4 0.1 1.3 0.3 0.6 0.6 0.9 0.4 1.2 0.2 0.7 0.3 0.9 0.2 2.1 1.1 0.3 0.2 0.7 0.5 1.4 0.1 0.8 0.4 1.1 0.3 1.6 0.5 1.2 0.9 1.1 0.3 1.7 0.4

280 287 1 11.36 10.4 0.2 15.6 1.1 20.7 0.5 11.3 0.3 15.3 0.5 20.0 0.2 9.7 0.3 13.0 0.6 19.4 0.7 12.1 1.1 15.4 0.4 20.3 0.9 11.7 0.6 15.7 0.8 19.9 0.5 10.2 0.5 13.6 0.1 18.7 0.4

288 293 1 6.17 25.4 0.5 28.0 2.3 40.8 0.8 23.8 1.2 30.5 0.6 40.8 0.7 23.7 2.6 28.3 2.2 40.0 2.1 25.5 1.1 29.4 0.6 41.5 1.5 24.6 0.4 30.8 0.8 39.7 0.6 23.7 0.3 29.9 0.6 40.6 1.1

294 301 2 10.05 25.3 1.0 36.8 2.3 43.4 0.5 24.6 1.4 39.0 1.3 44.1 0.3 24.6 1.4 35.7 2.8 43.7 1.9 25.9 1.6 37.7 0.4 44.3 1.7 25.2 0.1 38.6 0.8 43.2 1.0 24.4 0.6 38.1 0.5 43.5 1.2

321 327 1 5.02 19.9 1.3 33.2 2.2 39.6 0.4 18.9 1.1 35.0 1.8 40.4 1.0 19.2 3.0 32.6 2.7 40.3 2.0 19.5 0.5 34.8 0.8 41.7 0.4 18.5 0.7 35.1 1.0 40.6 0.5 18.9 0.6 33.7 1.8 40.9 0.7

328 334 1 12.18 22.7 0.7 27.8 2.0 30.1 0.2 21.7 1.1 28.5 0.7 30.2 0.3 21.4 1.1 26.6 1.3 30.1 1.3 22.9 0.8 28.3 0.4 30.5 1.2 22.5 0.3 29.0 0.3 30.0 0.7 21.8 0.2 28.4 0.2 30.0 0.7

335 342 2 8.04 0.6 0.2 2.7 0.1 11.4 0.1 0.3 0.1 2.9 0.2 11.4 0.1 0.2 0.2 2.6 0.4 11.3 0.3 0.3 0.1 2.8 0.1 11.8 0.3 0.3 0.1 3.1 0.1 11.4 0.3 0.3 0.0 2.8 0.1 11.1 0.1

343 350 2 7.64 42.7 1.3 59.8 0.9 60.3 1.3 47.4 2.5 60.5 1.0 60.0 0.9 46.5 2.9 54.9 3.3 58.1 3.0 46.0 1.1 59.2 1.0 59.9 1.9 45.4 0.1 60.1 1.0 59.1 0.9 48.5 1.0 58.1 2.1 57.7 2.1

343 355 2 10.77 23.5 0.9 33.1 1.9 36.9 0.5 25.1 1.3 35.0 0.7 37.6 0.3 24.1 1.8 32.6 1.7 38.0 1.0 25.4 1.2 33.7 0.2 37.4 1.2 24.9 0.3 34.6 0.3 37.3 0.6 25.7 0.1 35.0 0.3 37.3 0.8

347 355 2 9.00 18.3 0.5 23.7 1.1 29.5 0.9 17.7 0.9 25.4 1.1 31.4 0.5 18.2 2.0 25.6 1.3 32.7 0.9 18.2 0.5 23.5 0.9 30.2 1.9 17.6 0.8 24.1 1.0 29.2 1.3 18.7 0.8 26.6 1.7 32.1 0.9

356 369 2 8.00 2.4 0.0 4.8 0.2 5.7 0.1 2.9 0.1 5.3 0.2 5.7 0.2 2.9 0.2 5.1 0.4 6.2 0.3 2.4 0.1 4.8 0.3 5.8 0.2 2.4 0.1 4.9 0.2 5.5 0.1 2.5 0.1 5.1 0.0 5.9 0.2

356 373 3 8.26 2.7 0.1 8.2 0.5 9.0 0.2 4.7 0.6 8.9 0.2 9.0 0.3 4.4 0.4 8.4 1.1 9.3 0.5 3.1 0.5 8.3 0.3 9.0 0.3 3.1 0.1 8.4 0.2 8.7 0.2 3.9 0.2 8.6 0.2 9.1 0.1

370 385 3 7.73 9.3 0.3 20.2 1.0 29.5 0.5 9.2 0.5 21.4 0.8 29.2 0.4 9.0 0.7 19.7 1.6 29.2 0.9 10.6 0.5 22.1 0.6 31.1 0.9 10.0 0.1 22.3 0.8 30.6 0.7 9.5 0.1 22.0 0.2 29.9 0.5

370 386 3 10.51 7.5 0.4 19.9 1.2 28.1 0.3 7.2 0.4 21.1 0.5 28.0 0.3 7.4 0.8 19.7 1.5 28.6 1.3 8.0 0.5 20.5 0.4 28.6 1.4 7.6 0.2 21.2 0.4 28.0 0.4 7.5 0.0 21.2 0.2 28.3 0.4

390 402 3 11.38 0.8 0.2 2.7 0.2 7.1 0.1 0.6 0.1 1.5 0.2 5.2 0.0 0.7 0.1 1.5 0.1 5.2 0.3 1.1 0.0 3.1 0.1 7.4 0.0 1.1 0.1 3.2 0.1 7.3 0.1 0.9 0.1 2.4 0.2 6.9 0.2

391 402 3 10.92 0.4 0.0 0.4 0.0 0.6 0.0 0.5 0.1 0.6 0.1 0.6 0.1 0.6 0.0 0.7 0.1 0.8 0.1 0.4 0.1 0.5 0.1 0.6 0.1 0.4 0.1 0.6 0.1 0.6 0.1 0.5 0.0 0.5 0.0 0.5 0.0

408 429 5 10.67 3.1 0.0 3.3 0.1 4.2 0.1 2.9 0.4 3.4 0.3 4.4 0.1 3.2 0.5 3.5 0.0 4.7 0.2 2.9 0.3 3.2 0.1 4.4 0.5 3.1 0.1 3.5 0.2 4.4 0.2 3.4 0.1 3.8 0.2 4.8 0.1

430 436 1 10.82 0.9 0.4 1.3 0.5 5.8 0.2 0.9 0.1 1.2 0.2 5.9 0.3 0.9 0.0 1.4 0.1 5.9 0.3 -0.1 0.2 0.7 0.2 4.9 0.4 0.0 0.1 0.8 0.2 4.8 0.2 0.1 0.1 0.7 0.1 4.4 0.1

430 443 2 12.08 6.0 0.7 11.0 0.8 16.8 0.2 5.6 0.4 11.8 0.6 17.3 0.3 5.6 0.4 11.3 1.1 17.4 1.4 6.5 0.6 11.5 0.1 17.6 1.0 5.9 0.1 11.8 0.2 16.9 0.2 5.5 0.1 11.9 0.1 17.4 0.9

432 443 2 10.62 7.0 0.2 13.1 1.2 18.2 0.3 6.6 0.5 13.8 0.2 18.1 0.3 6.9 0.5 13.3 1.2 18.8 0.6 7.4 0.6 13.9 0.3 18.3 0.4 7.0 0.2 13.9 0.3 18.0 0.3 7.0 0.5 14.2 0.4 18.3 0.3

437 443 1 7.60 15.3 0.5 26.4 1.8 30.5 0.4 14.7 1.2 28.1 0.5 30.1 0.4 14.3 0.9 26.6 1.8 31.3 0.8 16.6 0.7 27.7 0.8 31.3 0.7 15.1 0.5 28.2 0.6 30.7 0.5 14.5 0.2 28.0 0.2 31.0 0.3

444 454 2 11.53 9.4 0.4 17.2 1.1 26.6 0.2 10.4 0.5 23.9 0.8 26.9 0.2 10.3 0.9 22.7 1.3 26.9 0.7 9.6 0.2 19.3 0.2 26.6 1.1 9.6 0.4 20.9 0.6 26.4 0.4 11.1 0.1 23.7 0.5 26.5 0.6

444 455 2 13.40 8.7 0.4 19.2 1.6 30.9 0.3 11.7 0.7 28.7 1.2 31.5 0.3 11.2 0.9 26.8 2.2 30.9 1.1 9.2 0.4 22.1 0.3 31.5 1.0 9.4 0.2 23.9 0.4 31.0 0.5 11.4 0.2 28.3 0.3 30.6 0.4

444 473 3 13.96 6.0 0.7 12.2 0.7 23.5 0.1 6.9 0.4 17.5 0.8 25.8 0.4 6.8 0.6 16.6 1.5 26.0 1.4 6.2 0.4 13.8 0.1 24.6 1.2 6.1 0.1 15.0 0.1 23.9 0.3 6.9 0.1 17.1 0.3 25.1 1.0

455 473 3 10.77 7.1 0.3 12.4 0.8 24.2 0.3 6.9 0.5 14.6 0.4 27.1 0.2 6.6 0.7 13.5 1.1 26.6 0.9 7.4 0.2 12.6 0.3 24.7 0.9 7.0 0.1 13.4 0.1 24.6 0.4 6.8 0.0 13.7 0.3 25.8 0.5

456 473 2 9.90 8.5 0.2 14.5 1.1 29.3 0.2 8.2 0.4 17.3 0.3 32.4 0.2 8.0 0.8 16.3 1.2 31.9 1.0 8.8 0.3 15.1 0.3 30.1 1.0 8.5 0.2 16.0 0.1 29.8 0.4 8.2 0.2 16.5 0.0 30.8 0.5

456 474 2 9.30 7.9 0.5 12.9 0.5 25.4 0.3 7.6 0.4 15.5 0.4 28.3 0.4 7.6 0.9 14.4 1.2 28.2 1.4 8.1 0.3 13.7 0.1 26.6 0.9 7.6 0.3 14.1 0.2 25.9 0.4 7.6 0.1 14.5 0.3 27.1 1.1

478 482 1 11.98 38.1 1.7 43.4 3.5 46.5 0.7 37.1 2.6 46.2 1.0 47.7 0.5 36.1 4.0 45.0 2.8 46.4 1.0 40.3 1.8 45.5 0.6 46.6 1.1 38.5 2.0 46.6 0.1 46.5 1.5 37.1 0.7 45.6 1.4 47.7 0.7

487 491 1 7.64 34.8 1.4 40.4 2.8 56.0 1.4 33.1 1.2 42.5 1.5 55.6 0.5 33.8 1.7 37.6 3.0 53.0 2.2 34.9 1.2 41.5 0.3 57.3 1.8 34.5 0.2 43.2 1.5 56.2 0.7 33.2 0.7 40.4 0.6 53.4 1.2

492 498 1 8.30 9.8 0.8 26.0 0.6 28.3 0.2 9.7 0.9 27.3 0.2 27.9 0.9 9.3 1.2 25.4 1.1 28.5 0.9 12.3 1.1 26.0 1.3 29.9 1.0 10.9 1.3 25.9 1.2 29.5 0.6 10.0 1.2 26.6 0.4 29.0 0.9

495 506 3 9.30 26.9 1.0 30.3 2.0 31.6 0.6 26.2 1.7 32.3 0.4 31.6 0.2 26.2 1.8 30.6 1.9 32.2 0.5 27.3 0.7 31.1 0.1 32.0 0.9 26.5 0.5 31.4 0.3 31.2 0.2 26.4 0.4 31.7 0.6 32.0 0.3

499 506 2 7.28 47.0 1.2 47.2 3.0 49.2 0.3 45.5 2.4 49.7 1.0 49.4 0.5 50.1 0.1 48.9 2.8 51.0 2.2 47.8 1.8 49.5 1.2 49.9 1.8 47.1 1.2 49.8 0.7 49.5 1.0 50.1 1.5 50.2 0.5 51.0 0.8

499 507 2 6.46 49.7 1.4 49.1 2.5 51.1 0.6 47.2 1.3 52.1 2.5 51.8 1.0 49.3 3.0 49.4 3.3 52.1 2.7 51.6 1.2 52.4 0.7 55.9 1.6 50.7 0.5 53.4 1.5 54.3 1.2 50.6 1.4 53.7 0.3 54.6 1.3

507 520 3 6.25 33.3 1.0 33.9 2.6 35.0 0.8 31.5 1.7 36.5 1.9 34.3 0.9 32.9 2.8 33.5 2.7 35.9 1.1 34.5 1.4 35.2 0.8 36.5 0.4 33.4 0.6 35.0 1.8 35.2 1.7 32.8 0.5 35.9 1.1 35.0 0.5

507 522 3 6.32 31.0 0.8 31.0 2.1 32.1 1.6 29.3 1.7 33.2 1.7 32.2 1.3 30.6 1.4 30.4 2.6 32.3 2.4 31.5 0.7 32.5 1.9 32.6 2.0 30.8 0.7 33.2 1.1 31.8 1.2 30.7 1.2 32.3 1.1 32.3 1.6

508 523 4 7.84 31.6 1.1 31.2 2.7 32.7 0.3 30.4 1.8 33.4 1.0 32.8 0.1 30.9 1.1 31.8 1.7 33.8 1.8 32.0 1.5 32.1 0.6 34.1 1.4 31.2 0.3 32.6 1.1 33.4 0.4 31.1 1.0 33.1 0.7 34.0 1.3

523 531 2 5.74 16.2 1.9 28.7 2.2 31.8 1.1 14.9 0.5 30.7 1.8 33.2 0.9 15.0 0.5 28.6 2.9 34.7 0.9 16.2 0.4 29.0 0.6 32.7 0.8 15.0 1.2 29.7 0.3 31.7 1.5 15.3 1.9 28.9 0.3 32.6 1.6

524 531 2 4.91 10.7 0.8 27.2 2.3 32.0 0.3 10.1 0.9 28.2 1.1 32.5 0.3 10.3 1.0 25.6 3.7 32.4 1.4 11.3 0.2 28.4 0.4 33.0 1.2 10.3 0.1 28.3 0.6 31.8 0.6 9.9 0.5 27.6 0.6 31.9 1.3

532 542 2 7.02 8.1 0.8 12.4 1.1 22.8 0.8 7.5 0.2 13.5 1.5 21.9 1.0 7.1 1.3 12.9 0.5 22.0 1.2 8.5 0.6 13.2 0.1 25.1 1.3 8.1 0.3 13.8 1.6 24.1 1.2 7.4 0.8 14.6 1.3 23.0 1.0

532 551 3 11.90 4.1 0.5 8.7 0.7 14.8 0.5 8.1 0.4 11.7 0.8 15.5 0.4 8.4 0.8 11.6 1.3 16.2 0.4 4.5 0.6 9.3 0.8 16.4 1.8 4.9 0.6 10.8 0.6 14.9 0.8 6.9 0.6 12.4 0.5 15.6 1.6

534 542 2 7.88 8.8 0.1 15.1 1.1 26.7 0.5 8.9 0.4 15.7 0.5 25.1 0.3 9.3 0.6 14.4 1.4 25.3 0.9 9.8 0.4 15.9 0.4 27.7 1.3 9.1 0.3 16.1 0.4 26.8 0.7 9.1 0.2 16.0 0.4 25.4 0.8

543 551 1 9.97 2.4 0.5 6.9 1.0 11.5 0.6 8.4 0.3 10.9 0.8 12.1 0.3 # # # # # # 2.8 0.6 8.3 1.0 11.6 0.6 3.7 0.5 10.0 0.8 11.6 0.3 # # # # # #

550 565 4 12.59 0.6 0.3 4.2 0.3 11.1 0.1 0.4 0.3 4.5 0.2 10.5 0.3 0.7 0.1 4.2 0.5 10.5 1.3 0.4 0.3 4.5 0.2 11.1 1.0 0.6 0.2 4.8 0.3 10.9 0.6 0.8 0.1 3.9 0.6 10.9 0.7

552 565 4 11.38 0.7 0.1 5.0 0.3 13.5 0.2 0.6 0.0 5.1 0.1 13.5 0.2 0.8 0.1 4.7 0.4 13.3 0.5 0.9 0.1 5.1 0.1 13.9 0.9 0.9 0.2 5.5 0.1 13.5 0.2 0.8 0.2 5.2 0.2 13.3 0.3

552 570 4 13.08 0.6 0.1 2.9 0.2 8.2 0.1 0.5 0.1 3.1 0.2 8.2 0.2 0.5 0.1 2.9 0.2 8.2 0.6 0.5 0.1 3.1 0.1 8.5 0.4 0.4 0.1 3.3 0.1 8.1 0.2 0.4 0.0 3.1 0.0 8.0 0.3

561 570 2 13.81 0.3 0.0 1.2 0.2 4.0 0.2 0.4 0.0 1.2 0.2 4.0 0.1 0.9 0.2 1.3 0.0 3.9 0.3 0.3 0.0 1.2 0.2 4.2 0.2 0.4 0.1 1.4 0.1 4.0 0.1 0.6 0.1 1.3 0.2 3.8 0.1

571 583 2 8.59 0.4 0.1 1.1 0.1 4.4 0.2 0.3 0.0 0.9 0.1 2.9 0.1 0.5 0.0 1.0 0.0 3.0 0.2 0.4 0.0 1.3 0.1 4.7 0.2 0.5 0.1 1.3 0.2 4.3 0.2 0.5 0.1 1.1 0.0 3.7 0.1

587 598 2 8.18 2.3 0.2 10.0 0.8 20.8 0.2 1.8 0.4 10.2 0.4 20.3 0.4 1.9 0.1 9.3 0.8 20.1 0.7 2.6 0.3 10.6 0.3 22.9 0.7 2.4 0.4 11.0 0.3 21.5 0.2 2.0 0.1 10.4 0.6 20.6 0.1

602 613 2 9.55 1.3 0.2 4.1 0.3 11.0 0.2 1.2 0.2 4.3 0.2 11.9 0.4 2.1 0.4 6.0 0.0 13.6 1.0 1.1 0.1 4.2 0.2 11.5 0.6 1.2 0.2 4.6 0.1 11.3 0.1 2.3 0.4 6.2 0.5 13.1 0.2

602 628 5 13.83 4.1 0.6 6.8 0.6 13.3 0.5 3.8 0.3 7.2 0.2 13.7 0.4 4.1 0.2 6.6 0.7 13.3 0.8 4.3 0.3 7.0 0.1 13.6 0.3 4.2 0.2 7.0 0.3 13.4 0.5 3.7 0.1 7.1 0.4 13.2 0.3

615 632 3 11.63 4.3 0.5 7.5 0.6 18.1 0.1 4.0 0.2 8.0 0.1 18.3 0.4 # # # # # # 4.5 0.3 8.0 0.2 18.6 1.1 4.3 0.1 8.5 0.3 18.6 0.2 # # # # # #

619 632 3 11.13 3.4 0.5 6.4 0.4 18.0 0.3 3.1 0.2 6.7 0.2 18.1 0.2 3.2 0.5 6.3 0.4 18.1 0.7 3.6 0.1 6.7 0.1 18.9 0.7 3.2 0.2 7.1 0.2 18.7 0.2 3.3 0.1 6.8 0.1 18.1 0.3

631 635 1 12.64 1.0 0.6 0.7 0.4 1.6 0.6 1.6 1.2 0.9 0.4 1.5 0.2 0.5 0.3 0.7 0.2 2.2 0.9 1.1 0.2 1.0 0.5 2.0 0.4 0.9 1.1 1.1 0.8 1.9 0.9 0.9 0.4 1.2 0.5 1.2 0.9

636 648 2 12.38 1.7 0.5 6.3 0.5 11.4 0.0 1.2 0.1 7.3 0.1 12.0 0.0 1.2 0.2 6.8 0.3 11.9 0.1 1.6 0.0 7.0 0.1 11.7 0.3 1.4 0.1 7.3 0.1 11.8 0.2 1.3 0.2 7.2 0.1 11.7 0.1

636 649 2 13.86 1.7 0.5 6.0 0.6 10.8 0.1 1.2 0.2 7.0 0.1 11.5 0.2 1.1 0.2 6.7 0.4 11.5 0.2 1.6 0.1 6.7 0.1 11.1 0.2 1.4 0.1 7.1 0.1 11.3 0.2 1.1 0.1 7.0 0.1 11.3 0.2

644 649 1 12.58 3.1 0.5 13.9 0.8 16.6 0.7 2.5 0.3 15.0 0.5 16.4 0.5 2.4 0.5 14.1 0.2 16.7 0.4 3.5 0.1 14.6 1.1 16.6 0.7 3.4 0.4 15.3 0.7 16.4 0.5 2.6 0.3 14.7 0.9 17.1 0.3

649 666 4 9.75 0.2 0.1 0.2 0.1 0.4 0.1 0.2 0.1 0.3 0.0 0.4 0.0 0.4 0.2 0.4 0.0 0.7 0.1 0.2 0.0 0.2 0.1 0.4 0.1 0.2 0.1 0.3 0.1 0.4 0.1 0.3 0.0 0.3 0.0 0.5 0.2

667 671 2 13.66 0.3 0.1 0.3 0.0 0.4 0.1 0.4 0.2 0.5 0.2 0.3 0.1 0.4 0.2 0.7 0.0 0.6 0.2 0.4 0.1 0.6 0.2 0.4 0.2 0.3 0.2 0.5 0.2 0.5 0.2 0.3 0.1 0.7 0.2 0.3 0.1

672 687 4 9.29 3.1 0.2 5.8 0.4 11.6 0.3 3.3 0.3 6.5 0.2 13.2 0.2 3.4 0.5 6.0 0.6 13.4 0.8 3.5 0.2 5.9 0.1 12.4 0.7 3.4 0.1 6.1 0.2 12.0 0.2 3.5 0.1 6.5 0.1 12.9 0.4

691 697 2 7.06 14.0 0.8 20.7 1.2 22.4 0.1 13.5 0.9 22.3 0.3 22.4 0.4 13.3 0.8 21.0 1.5 23.0 0.8 14.7 0.3 21.3 0.4 22.9 0.7 13.7 0.2 22.0 0.6 22.4 0.3 13.4 0.4 22.2 0.2 22.6 0.8

698 708 2 5.63 0.9 0.6 2.1 0.3 4.4 0.2 0.9 0.3 2.5 0.1 4.7 0.5 0.9 0.1 2.1 0.5 4.6 0.4 1.2 0.4 2.4 0.0 4.7 0.6 0.9 0.4 2.5 0.3 4.2 0.7 0.7 0.1 2.7 0.4 4.8 0.4

698 709 3 6.91 0.3 0.0 0.9 0.1 1.7 0.1 0.3 0.1 1.1 0.1 1.8 0.1 0.4 0.0 1.0 0.2 2.1 0.1 0.1 0.0 0.9 0.0 1.9 0.0 0.2 0.1 1.1 0.0 1.9 0.0 0.2 0.1 1.1 0.1 2.0 0.0

714 735 4 10.68 25.9 1.0 37.7 0.9 39.8 0.6 24.9 1.9 37.0 1.0 40.4 0.1 24.2 2.2 33.6 3.1 40.7 0.3 28.5 2.0 36.5 0.6 41.0 1.5 27.0 0.2 37.6 0.9 40.9 0.4 25.8 0.7 37.1 0.5 40.3 0.1

716 734 3 7.99 27.7 0.9 39.3 0.8 40.7 1.2 27.0 1.5 37.5 1.3 40.4 0.7 26.9 2.2 36.3 3.5 42.6 0.5 30.8 1.4 38.1 1.3 42.1 1.6 29.2 0.2 37.7 1.2 41.2 1.4 28.4 0.3 39.0 1.1 42.4 0.4

720 734 4 6.61 28.2 1.0 34.9 2.6 36.6 0.9 27.1 1.4 38.2 2.4 37.3 1.1 27.2 2.1 35.3 3.7 37.3 2.4 31.1 1.0 36.1 0.7 38.0 2.4 29.5 0.4 36.7 1.1 36.3 1.1 28.2 0.6 36.7 0.7 38.2 2.1

735 744 2 8.56 4.5 0.5 23.4 2.7 42.9 0.4 4.6 0.7 22.5 0.8 42.7 1.5 4.0 0.3 17.7 1.5 39.6 2.5 6.5 0.8 26.6 0.7 45.6 2.8 6.1 0.8 26.6 1.2 42.6 1.5 5.3 0.2 22.9 1.0 40.7 2.3

745 764 3 14.14 0.8 0.1 1.2 0.1 3.0 0.0 0.8 0.1 1.4 0.1 3.0 0.1 1.0 0.1 1.4 0.3 2.9 0.2 0.9 0.0 1.3 0.1 3.2 0.1 0.8 0.0 1.5 0.2 3.0 0.0 1.0 0.0 1.4 0.1 3.0 0.1

745 766 3 14.10 2.7 0.1 4.4 0.3 6.1 0.0 2.7 0.1 4.6 0.2 6.1 0.2 2.6 0.4 4.5 0.3 6.0 0.4 3.1 0.3 4.5 0.0 6.2 0.3 2.8 0.1 4.7 0.1 5.9 0.1 2.6 0.1 4.5 0.1 5.9 0.2

746 764 3 13.61 0.7 0.1 0.7 0.0 2.4 0.1 0.7 0.1 0.8 0.1 2.3 0.1 0.8 0.0 1.0 0.0 2.3 0.1 0.7 0.1 0.7 0.0 2.5 0.1 0.6 0.1 0.9 0.1 2.4 0.1 0.7 0.1 0.9 0.0 2.3 0.0

746 766 3 13.65 2.7 0.2 4.2 0.2 5.9 0.0 2.7 0.1 4.5 0.1 5.9 0.1 2.7 0.2 4.5 0.3 5.7 0.3 3.0 0.2 4.4 0.1 6.0 0.3 2.8 0.1 4.6 0.1 5.8 0.1 2.6 0.0 4.5 0.1 5.8 0.1

751 764 2 11.68 0.8 0.0 1.0 0.0 3.1 0.1 0.8 0.1 1.1 0.1 3.1 0.1 0.9 0.1 1.4 0.1 3.1 0.3 0.9 0.1 1.0 0.1 3.4 0.1 0.8 0.0 1.2 0.1 3.0 0.0 1.0 0.1 1.2 0.1 3.0 0.2

751 766 3 11.93 3.6 0.2 5.8 0.4 7.7 0.1 3.6 0.2 6.0 0.2 7.6 0.1 3.6 0.4 5.9 0.2 7.6 0.4 4.0 0.2 5.9 0.1 7.9 0.3 3.8 0.1 6.2 0.1 7.6 0.2 3.4 0.0 6.1 0.1 7.4 0.2

767 781 4 10.93 9.5 0.5 15.0 1.4 20.1 0.1 9.4 0.5 16.0 1.0 20.8 0.2 10.1 1.0 15.2 0.7 21.4 0.6 9.9 0.5 15.9 0.2 21.3 1.3 9.9 0.7 16.9 0.2 21.0 0.2 10.0 0.1 16.8 0.4 21.6 0.6

769 781 3 10.42 8.9 0.4 14.6 0.8 19.5 0.2 8.9 0.7 15.5 0.5 20.0 0.2 9.9 1.8 14.7 0.8 20.4 1.0 9.9 1.1 15.8 0.1 20.4 1.0 9.5 0.1 16.6 0.4 20.2 0.3 9.4 0.5 16.2 0.2 20.5 0.5

782 789 1 11.23 14.1 0.5 24.3 1.6 36.5 0.2 13.6 0.7 26.0 0.5 36.7 0.3 13.8 0.6 23.9 1.7 35.7 1.2 14.0 0.4 25.2 0.4 36.9 1.5 13.8 0.1 26.2 0.4 36.6 0.6 13.8 0.1 25.3 0.5 35.4 0.8

782 791 1 10.84 17.7 0.9 29.6 2.5 37.4 0.9 17.0 0.6 29.9 1.9 38.0 0.5 17.3 1.7 28.9 2.5 39.1 1.5 19.1 0.6 30.5 0.5 38.5 2.3 17.2 0.7 31.6 0.2 38.0 0.7 17.2 0.5 29.9 0.4 38.9 1.3

799 806 2 7.30 6.2 0.5 10.8 0.7 14.7 0.2 6.3 1.1 11.5 0.6 14.7 0.4 7.0 0.7 11.9 0.9 16.6 1.2 7.5 0.7 11.3 1.3 15.0 0.4 7.8 0.3 11.8 0.2 14.7 0.3 7.9 0.6 13.5 0.8 16.3 0.4

815 821 2 9.50 0.2 0.1 0.3 0.1 0.2 0.2 0.1 0.3 0.2 0.1 0.3 0.2 0.0 0.0 0.3 0.2 0.2 0.0 0.1 0.2 0.1 0.1 0.5 0.1 0.3 0.1 0.2 0.1 0.2 0.1 0.3 0.1 0.1 0.1 0.3 0.2

817 830 2 12.00 5.3 0.5 7.9 0.9 13.3 2.8 4.7 0.7 8.5 0.2 11.5 1.0 4.8 0.1 7.7 0.7 12.8 2.2 5.5 0.8 8.2 1.0 11.8 0.1 4.9 0.7 7.6 0.7 12.0 0.1 4.7 0.1 7.6 0.4 11.3 0.2

822 831 1 12.74 4.7 0.5 7.1 0.7 13.3 0.6 5.0 0.1 8.0 0.6 13.0 0.4 4.2 0.2 7.2 0.3 12.4 0.3 4.7 0.3 7.0 0.2 12.6 0.5 4.5 0.3 7.5 0.5 12.9 0.4 4.1 0.3 7.0 0.2 11.8 0.1

831 839 2 12.38 0.6 0.0 2.7 0.3 7.8 0.2 0.5 0.0 2.9 0.2 8.1 0.1 0.6 0.0 2.7 0.3 8.2 0.5 0.5 0.1 3.0 0.1 8.2 0.4 0.5 0.1 3.3 0.1 8.0 0.2 0.6 0.1 3.1 0.0 7.7 0.2

832 839 2 11.53 0.9 0.1 4.2 0.3 10.4 0.1 0.8 0.2 3.8 0.0 10.6 0.2 1.0 0.4 3.6 0.3 10.8 0.5 0.8 0.1 4.4 0.3 10.8 0.6 1.0 0.2 4.5 0.1 10.6 0.2 1.0 0.4 4.4 0.5 10.4 0.3

840 847 1 11.02 1.7 0.3 3.3 0.2 5.6 0.4 1.8 0.1 4.0 0.7 5.5 0.2 1.9 0.2 4.2 0.3 5.9 0.3 2.4 0.5 3.7 0.4 5.7 0.5 2.4 0.0 4.2 0.1 5.4 0.0 1.8 0.1 4.1 0.3 5.6 0.2

847 858 2 8.85 7.5 0.6 11.7 0.7 16.2 0.4 7.8 0.7 12.7 0.8 17.0 0.8 # # # # # # 8.0 0.3 13.0 0.3 17.3 0.6 7.8 0.2 13.1 0.3 16.7 0.4 # # # # # #

848 858 3 7.68 9.0 0.3 13.1 0.8 19.3 0.1 8.6 0.2 14.6 0.3 19.7 0.1 8.5 0.4 13.5 0.8 20.1 0.4 10.3 0.3 15.6 0.4 21.5 0.7 10.0 0.1 16.3 0.8 21.3 0.2 9.7 0.2 16.1 0.4 21.2 0.2

859 872 3 10.06 43.4 1.6 46.7 0.7 47.8 0.5 41.1 3.1 46.9 0.8 48.1 0.5 42.3 2.2 44.1 2.6 48.7 0.8 42.8 1.8 45.9 0.9 48.8 1.1 42.4 1.4 46.2 0.7 47.9 0.8 42.4 0.6 46.7 0.5 47.7 0.8

873 893 2 8.17 6.8 0.1 15.9 1.2 18.3 0.4 6.5 0.6 16.7 0.1 18.8 0.2 6.6 0.6 16.4 1.4 19.6 1.2 7.8 0.6 16.8 0.6 19.5 0.5 7.1 0.5 17.3 0.8 18.7 0.3 6.9 0.1 17.8 0.6 20.2 0.3

880 893 2 7.84 8.5 0.4 20.3 1.1 24.0 0.8 8.1 0.4 21.9 0.6 24.3 0.2 7.9 0.6 20.3 1.3 24.6 0.7 9.1 0.3 21.4 0.5 24.5 1.1 8.3 0.3 21.3 1.2 23.6 0.5 8.1 0.2 21.7 0.4 24.4 0.6

904 908 1 6.62 0.2 0.0 0.6 0.1 0.6 0.2 0.2 0.1 0.4 0.1 0.6 0.2 0.2 0.0 0.7 0.0 1.1 0.4 0.3 0.1 0.4 0.3 0.8 0.2 0.6 0.1 0.5 0.3 0.7 0.1 0.2 0.1 0.5 0.0 0.6 0.3

909 920 2 9.51 2.8 0.1 6.2 0.5 9.8 0.6 2.9 0.2 7.4 0.2 9.7 0.1 2.7 0.0 6.8 0.7 10.5 0.3 4.2 1.6 8.3 0.5 10.4 0.4 3.3 0.1 8.0 0.1 10.1 0.2 3.1 0.3 7.8 0.6 10.1 0.5

921 929 1 8.04 0.5 0.3 2.4 0.8 4.0 0.3 0.6 0.5 1.5 0.4 4.5 0.6 2.1 1.4 1.3 0.0 5.3 1.2 0.9 0.9 1.7 1.4 4.6 1.2 1.1 0.9 1.6 1.1 4.2 1.2 0.9 0.1 1.1 0.6 5.2 0.4

922 929 1 6.63 1.4 0.1 1.9 0.5 5.3 0.5 1.5 0.8 2.0 0.6 5.3 0.5 1.4 0.2 1.9 0.5 5.8 0.2 1.5 0.1 1.8 0.3 6.0 0.5 1.5 0.2 2.3 0.8 5.8 0.4 1.8 0.3 2.6 0.2 5.0 0.3

923 929 1 5.64 0.6 0.2 1.0 0.1 4.1 0.7 0.7 0.1 0.9 0.4 4.4 0.4 1.0 0.2 2.1 1.4 5.6 1.1 0.9 0.7 1.5 0.3 5.1 0.7 0.6 0.4 1.5 0.4 4.9 0.7 1.0 0.4 2.1 0.8 5.2 0.1

930 956 5 10.37 4.7 0.4 7.2 0.4 12.8 0.4 4.5 0.4 8.4 0.3 14.1 0.2 4.4 1.0 7.8 0.3 14.4 0.5 5.3 0.4 8.6 0.3 16.1 1.4 5.2 0.2 9.6 0.5 15.7 0.5 5.2 0.2 9.7 0.4 16.3 0.3

961 976 4 7.25 19.5 0.7 22.0 1.3 29.8 0.5 18.7 1.1 23.7 0.6 29.9 0.1 19.2 1.3 21.8 2.0 29.7 2.2 19.9 0.9 22.3 0.4 31.0 2.0 19.1 0.1 23.1 0.9 30.3 0.4 18.9 0.8 23.2 0.5 30.0 1.1

961 980 4 9.13 9.5 0.2 10.9 0.7 17.1 0.2 9.4 0.4 12.0 0.3 17.3 0.1 9.9 0.8 11.7 0.8 18.2 0.6 9.9 0.7 11.6 0.5 18.0 1.0 9.5 0.2 11.8 0.6 17.1 0.3 9.8 0.2 11.9 0.4 17.4 0.2

962 976 4 5.62 20.6 0.6 23.2 1.9 32.2 0.7 19.7 1.0 25.1 1.4 33.2 1.1 20.5 1.4 23.0 2.2 32.1 1.9 20.8 0.5 23.9 0.5 33.0 1.9 20.0 0.2 24.9 0.5 32.1 0.4 19.9 0.7 24.4 0.9 32.5 1.5

985 989 1 8.61 0.2 0.4 1.2 0.6 2.1 0.9 0.9 0.3 0.7 1.6 1.6 0.8 0.9 0.1 0.6 0.7 3.1 1.2 0.5 0.7 1.0 0.2 0.4 0.5 1.1 0.4 0.8 0.2 1.0 0.9 1.1 0.7 1.3 0.2 0.4 0.3

990 997 2 5.06 4.2 0.5 11.4 1.1 22.2 0.1 3.5 0.4 12.5 0.7 22.5 0.6 3.6 0.5 11.2 1.3 21.7 1.0 4.4 0.2 11.8 0.3 23.1 1.1 4.0 0.3 12.4 0.4 22.5 0.5 3.6 0.2 12.1 0.2 21.8 1.1

1002 1006 1 13.18 0.7 0.3 0.5 0.2 6.4 0.1 0.4 0.2 1.2 0.4 8.6 0.4 0.5 0.3 1.8 0.4 9.0 0.2 0.4 0.2 1.0 0.3 6.9 0.5 0.4 0.2 1.3 0.3 6.8 0.1 0.3 0.3 1.8 0.2 7.6 0.2

1005 1013 1 11.85 12.5 0.6 23.3 1.7 32.8 0.7 13.6 0.8 25.4 0.4 33.6 0.7 15.9 0.6 25.8 0.1 38.4 1.5 13.7 0.4 24.3 0.8 33.6 1.6 13.7 0.2 24.7 0.7 33.4 0.6 17.6 0.2 28.0 2.3 37.5 1.3

1006 1013 2 10.84 7.4 0.4 12.2 0.8 19.4 0.2 7.6 0.3 13.2 0.8 20.3 0.8 7.0 0.2 12.1 0.5 20.1 1.2 7.7 0.8 13.0 0.6 20.3 2.3 7.9 0.5 13.6 0.7 20.9 1.1 7.7 0.4 13.4 0.1 21.2 2.4

1017 1021 1 7.94 5.0 0.4 16.4 1.0 18.9 0.3 5.0 0.1 18.2 0.3 19.0 0.2 5.3 0.4 17.5 1.6 19.5 0.4 5.4 0.5 17.5 0.6 19.3 0.8 5.2 0.2 18.3 0.5 18.7 0.5 4.7 0.2 17.9 0.2 19.3 0.3

1022 1028 2 7.58 0.6 0.3 0.2 0.0 0.6 0.1 0.2 0.2 0.5 0.4 0.8 0.2 0.6 0.3 0.6 0.3 1.2 0.1 0.2 0.1 0.2 0.1 0.9 0.2 0.2 0.1 0.6 0.2 0.7 0.1 0.4 0.1 0.4 0.2 0.7 0.1

1029 1036 1 6.35 11.0 0.9 20.1 2.0 30.0 1.5 10.6 0.7 20.7 0.6 29.7 1.2 10.0 0.5 20.6 1.3 29.4 0.8 11.0 1.6 21.0 0.3 31.1 2.6 10.9 0.2 21.6 1.1 31.2 1.0 11.0 0.7 20.4 0.6 30.3 2.2

1060 1068 2 4.22 40.2 1.3 41.8 3.5 43.3 0.2 39.3 2.6 44.3 1.9 44.0 0.4 39.5 2.2 41.7 2.5 42.8 1.7 40.3 1.3 42.6 1.0 43.7 1.6 38.3 0.9 43.0 0.5 42.1 1.5 38.8 1.1 42.3 0.9 43.2 0.9
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Data listed are the average of 3 independent experiments, with SDs presented. ##No 

coverage for the specific peptide. 

 

 
Figure A1.8 cont.: All HDX p110 and p85 peptide data for experiments examining 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

10 19 3 11.78 13.5 0.4 26.1 0.4 32.5 1.1 13.6 1.0 27.1 0.2 32.1 1.3 13.1 1.6 26.0 0.3 31.5 1.3 16.5 0.6 27.6 0.4 34.4 0.1 16.5 0.5 27.5 0.3 34.6 0.4 16.1 0.6 27.5 1.6 34.4 0.8

11 23 3 12.38 9.0 0.3 21.2 0.4 28.5 0.2 9.1 0.5 21.4 0.3 28.0 0.4 8.3 0.8 21.4 0.4 28.4 0.9 11.6 0.7 23.1 0.6 29.9 0.2 11.3 0.5 23.6 0.3 30.4 0.1 11.2 0.5 23.8 0.3 30.4 0.3

24 30 1 10.82 2.2 0.3 3.1 0.2 7.6 0.1 2.2 0.6 3.2 0.4 7.7 0.0 2.9 0.3 3.7 0.7 7.8 0.3 2.4 0.3 3.7 0.2 9.2 0.2 2.1 0.0 3.5 0.1 9.3 0.2 2.7 0.3 4.1 0.2 9.9 0.4

31 36 1 9.80 34.2 1.1 35.3 0.7 36.7 1.0 33.5 1.6 35.7 0.1 35.2 2.0 32.0 1.5 36.2 1.2 35.0 1.2 35.1 1.3 36.5 1.4 36.0 0.3 35.5 1.3 35.6 0.9 36.6 0.8 34.5 0.9 35.4 2.0 35.0 0.8

37 42 2 7.18 0.8 0.1 1.1 0.4 3.0 0.1 0.9 0.1 1.2 0.2 3.1 0.1 1.0 0.2 1.1 0.1 2.9 0.0 1.1 0.2 1.3 0.2 4.2 0.2 1.0 0.1 1.3 0.3 4.3 0.1 1.0 0.1 1.4 0.1 4.6 0.3

43 62 4 9.40 2.5 0.3 9.3 0.2 16.0 0.2 2.6 0.2 9.5 0.2 15.5 0.5 2.3 0.3 9.5 0.3 15.9 0.4 3.5 0.4 10.9 0.4 17.4 0.2 3.5 0.1 11.1 0.3 17.7 0.3 3.4 0.0 11.2 0.2 17.8 0.2

43 64 3 9.62 4.4 0.3 12.0 0.4 19.6 0.3 4.3 0.1 11.9 0.5 19.5 0.9 4.1 0.3 12.2 0.6 19.7 0.5 5.4 0.4 14.0 0.2 20.8 0.8 5.2 0.2 14.0 0.6 21.5 0.4 5.3 0.1 14.3 0.2 21.6 0.1

50 67 3 8.61 6.0 0.2 16.4 0.5 26.8 0.7 5.5 0.1 17.3 0.3 26.1 0.4 6.3 0.1 17.2 1.2 26.0 1.8 7.3 1.1 19.2 1.2 28.3 0.3 7.1 0.1 20.3 0.2 28.3 1.3 7.9 0.4 20.0 0.6 28.3 0.3

63 68 1 5.36 9.0 2.5 20.3 0.8 32.6 2.6 9.4 0.7 19.4 0.5 29.6 2.0 7.6 1.0 21.6 0.6 30.6 0.3 11.2 1.1 24.0 1.1 32.5 2.5 10.7 1.0 23.2 1.4 33.9 1.2 11.5 1.4 24.9 1.7 34.5 1.7

69 76 1 9.16 0.1 0.2 2.5 0.1 9.5 0.1 0.0 0.0 2.8 0.3 8.8 0.1 0.3 0.4 3.7 0.2 9.4 0.6 0.7 0.6 3.4 0.4 9.8 0.3 0.5 0.2 3.5 0.2 10.1 0.1 0.6 0.2 3.9 0.1 10.0 0.2

69 82 2 10.88 2.0 0.6 8.1 0.6 12.8 0.3 1.9 0.2 8.5 1.2 12.2 0.3 1.5 0.3 7.2 0.5 11.4 0.4 3.1 1.0 9.1 0.4 13.9 0.0 2.4 0.3 9.5 0.3 14.0 0.1 2.9 0.8 8.9 0.5 13.1 0.4

71 82 2 9.29 1.4 0.2 8.6 0.1 16.0 0.3 1.5 0.2 8.8 0.4 15.4 0.1 1.5 0.1 9.2 0.5 15.8 0.7 2.4 0.3 10.3 0.5 16.9 0.4 2.4 0.3 10.6 0.1 17.3 0.3 2.3 0.2 10.8 0.1 17.2 0.2

77 82 2 7.07 3.2 0.1 15.1 0.3 22.1 0.3 3.0 0.4 15.1 0.2 21.3 0.7 3.0 0.4 15.0 1.1 21.9 1.0 4.9 1.0 17.2 0.8 23.4 0.3 4.6 0.3 17.5 0.3 23.4 0.8 4.6 0.1 17.8 0.2 23.1 0.3

83 91 2 7.07 0.6 0.2 1.5 0.1 3.8 0.3 0.6 0.3 1.8 0.0 4.0 0.4 # # # # # # 0.8 0.1 1.9 0.3 4.8 0.2 1.0 0.2 2.0 0.3 5.3 0.1 # # # # # #

92 99 2 14.05 0.1 0.1 0.1 0.1 0.4 0.1 0.1 0.0 0.2 0.1 0.6 0.1 0.2 0.1 0.3 0.1 0.5 0.2 0.3 0.1 0.2 0.1 0.6 0.1 0.3 0.1 0.3 0.1 0.7 0.1 0.2 0.1 0.4 0.1 0.7 0.2

93 99 2 12.88 0.2 0.2 0.2 0.3 0.6 0.2 0.3 0.0 0.4 0.2 0.5 0.3 0.4 0.2 0.9 0.1 0.7 0.2 0.6 0.2 0.5 0.1 0.4 0.3 0.4 0.1 0.4 0.2 0.5 0.1 0.6 0.1 0.5 0.3 0.9 0.0

99 103 1 6.63 0.5 0.4 0.8 0.5 2.0 0.6 0.2 0.7 0.6 0.4 2.3 0.6 0.3 0.2 1.0 0.4 2.2 0.7 0.5 0.5 1.2 0.6 3.0 0.1 0.6 0.3 0.6 0.7 2.6 0.8 0.6 0.2 1.2 0.9 2.2 0.5

100 116 4 6.82 11.7 0.6 19.8 0.3 33.1 0.3 12.0 0.5 20.5 0.3 32.6 0.2 11.8 0.7 22.2 0.5 36.9 1.2 14.3 0.3 22.9 0.8 36.5 0.3 14.3 0.5 23.3 0.3 37.1 0.6 14.6 0.6 24.5 0.5 39.4 0.3

100 119 5 9.80 6.7 0.3 11.7 0.2 22.1 0.2 6.7 0.3 12.0 0.3 22.3 0.3 6.9 0.4 14.0 0.4 25.9 0.9 8.3 0.3 13.9 0.3 24.4 0.5 8.2 0.3 14.4 0.3 25.5 0.4 8.6 0.4 15.5 0.4 27.5 0.3

120 127 1 9.65 2.9 0.2 13.0 0.3 21.7 0.2 3.2 0.2 13.8 0.3 21.5 0.2 3.6 0.3 14.7 0.9 22.8 0.7 4.6 0.4 16.0 0.6 23.4 0.3 4.8 0.2 16.8 0.4 24.1 0.4 5.1 0.1 16.8 0.2 24.5 0.3

120 128 1 12.92 3.1 0.9 14.1 0.4 25.1 0.2 3.7 0.2 14.7 0.3 24.6 0.4 3.3 0.2 15.5 1.2 25.9 1.0 5.1 0.5 17.6 0.8 26.4 0.5 4.4 0.4 18.5 0.4 27.6 0.4 5.1 0.2 18.5 0.3 27.8 0.0

128 138 2 8.79 9.5 0.3 19.2 0.4 27.9 0.0 9.4 0.6 19.5 0.3 27.1 0.4 9.6 0.4 20.1 0.8 27.5 1.1 11.1 0.4 22.5 0.4 29.0 0.3 11.2 0.4 23.1 0.6 29.2 0.6 11.2 0.3 22.7 0.4 28.7 0.3

128 139 2 10.98 7.1 0.2 15.4 0.1 23.0 0.7 7.3 0.5 15.5 0.4 22.6 0.7 7.5 0.8 16.3 0.9 22.8 1.1 9.0 0.4 18.3 0.3 23.3 0.1 8.7 0.1 18.6 0.1 24.1 0.5 8.7 0.1 18.7 0.3 23.8 0.5

145 152 1 5.35 1.7 0.5 1.9 0.8 6.3 1.3 1.0 0.5 2.2 1.0 5.9 2.0 1.9 0.6 2.3 0.8 7.2 0.8 3.7 2.3 2.4 0.0 7.7 0.7 1.7 0.6 3.4 1.8 8.1 1.5 1.9 0.7 3.4 1.3 10.4 1.3

153 163 3 4.61 14.4 1.0 20.0 1.0 29.4 1.2 15.0 0.7 20.4 1.8 27.4 0.2 13.1 1.6 21.4 1.5 28.0 0.4 17.7 0.5 24.2 1.2 32.2 1.1 18.1 0.5 24.7 1.3 34.0 0.7 17.9 0.4 24.4 1.2 32.8 0.8

153 164 3 5.62 12.7 0.6 18.2 0.4 27.6 0.6 12.9 1.1 18.5 0.8 26.3 0.6 11.2 0.6 18.7 0.4 26.9 0.1 14.2 0.3 20.7 0.3 30.5 0.4 15.3 0.8 21.1 0.6 31.2 0.6 14.3 0.7 20.9 0.3 30.7 0.6

154 164 3 4.55 12.4 1.2 18.1 0.7 27.1 0.6 12.4 0.9 18.1 1.3 26.0 0.6 # # # # # # 14.7 0.3 20.5 0.6 30.7 0.9 14.3 0.3 21.3 0.5 31.1 0.6 # # # # # #

165 192 5 10.26 13.6 0.4 20.8 0.5 27.0 0.4 13.4 0.7 20.6 0.4 26.3 0.5 12.8 1.0 20.6 0.4 26.5 1.0 15.6 0.2 22.1 0.5 29.1 0.3 15.6 0.4 22.3 0.5 30.0 0.4 15.2 0.4 22.6 0.2 29.8 0.4

165 193 5 10.32 12.6 0.6 19.8 0.3 25.9 0.3 12.6 0.6 19.6 0.3 24.9 0.6 11.6 0.8 19.0 0.6 24.8 1.7 14.7 0.3 21.3 0.5 27.9 0.2 14.7 0.3 21.1 0.1 28.5 0.3 14.1 0.4 21.0 0.2 28.3 0.3

193 222 5 11.01 9.8 0.4 15.9 0.5 20.2 0.5 9.9 0.5 16.2 0.5 19.5 0.7 9.4 0.5 16.5 0.3 20.5 0.3 11.5 0.5 16.9 0.4 20.4 0.5 11.4 0.4 17.4 0.6 20.7 0.0 10.8 0.5 17.6 0.0 21.0 0.4

196 209 3 8.13 19.4 0.7 31.6 1.0 34.5 0.3 19.3 1.1 31.8 0.4 33.4 0.3 18.9 0.9 31.6 0.5 34.5 1.3 22.4 1.0 34.0 0.5 35.8 0.4 21.9 0.4 34.0 0.3 35.7 0.6 21.2 0.9 33.9 0.2 35.7 0.6

210 220 2 6.99 6.7 0.3 9.0 0.6 10.8 0.1 6.8 0.3 9.0 0.1 10.3 0.7 6.5 0.2 8.7 0.6 10.1 0.7 8.0 1.1 9.8 0.5 12.1 0.2 7.8 0.2 9.4 0.2 11.7 0.0 7.7 0.1 9.2 0.4 12.0 0.3

253 260 1 7.15 0.1 0.3 3.8 0.7 5.5 1.7 0.7 0.4 4.1 0.9 4.4 0.6 0.6 0.2 4.0 0.8 4.8 0.7 2.8 1.6 5.0 0.2 6.9 0.4 1.6 0.4 4.4 0.4 5.8 1.0 0.7 0.2 5.0 1.0 5.7 1.0

260 269 2 10.99 8.0 0.1 8.8 0.2 13.9 0.5 7.8 0.4 8.9 0.1 13.8 0.7 7.8 0.3 8.8 0.2 13.1 0.3 8.7 1.1 9.6 0.2 15.1 0.8 8.0 0.2 10.1 0.3 15.2 0.5 8.0 0.4 9.6 0.1 14.9 0.4

261 269 2 9.29 9.4 0.1 10.6 0.2 15.5 0.1 9.4 0.5 10.7 0.4 14.8 0.3 9.4 0.2 10.4 0.2 14.3 0.5 9.9 0.1 11.1 0.3 16.3 0.2 9.6 0.2 11.4 0.2 16.5 0.1 9.4 0.1 10.9 0.1 15.9 0.4

261 270 2 10.55 8.0 0.0 8.9 0.2 13.7 0.4 7.7 0.3 8.9 0.1 13.4 0.4 7.8 0.3 8.7 0.1 12.9 0.2 8.7 1.0 9.4 0.2 15.0 0.5 8.0 0.3 10.0 0.3 15.0 0.4 7.9 0.2 9.6 0.4 14.6 0.3

261 275 4 9.55 8.5 0.4 9.6 0.1 12.2 0.1 8.5 0.1 9.9 0.2 11.8 0.1 8.3 0.5 10.0 0.1 11.9 0.3 9.5 0.2 10.3 0.2 12.9 0.1 9.2 0.1 10.4 0.2 13.2 0.2 9.4 0.2 10.4 0.2 13.3 0.1

263 269 2 6.97 0.7 0.2 0.6 0.3 0.9 0.6 0.7 0.5 0.9 0.2 1.4 0.2 0.6 0.4 0.3 0.7 1.0 0.2 1.4 1.3 0.7 0.5 1.5 0.5 0.3 0.2 0.6 0.4 1.2 0.2 0.5 0.7 0.7 0.4 1.6 0.6

280 287 1 11.36 12.4 1.7 15.6 0.9 21.2 1.0 12.3 0.4 15.8 0.3 20.0 0.2 10.5 0.2 14.0 0.5 18.7 1.0 10.9 1.2 17.9 0.4 21.6 0.9 12.3 0.2 17.6 0.5 21.0 0.2 10.2 0.3 16.4 0.2 20.3 0.2

288 293 1 6.17 25.2 0.8 29.9 0.6 42.6 0.1 25.4 1.0 30.9 0.6 40.6 0.6 23.4 2.2 31.0 1.2 41.0 1.0 28.1 0.3 31.6 0.7 45.8 0.9 27.4 0.5 32.3 0.8 45.9 1.3 27.0 0.8 32.3 0.9 46.1 0.6

294 301 2 10.05 25.6 1.0 38.6 0.8 44.4 0.6 25.2 0.9 38.7 0.5 43.3 0.7 24.4 1.4 38.5 1.0 43.7 1.9 27.8 0.3 41.2 0.9 45.5 0.7 27.6 0.3 41.9 0.4 46.4 0.3 26.8 0.6 41.8 0.4 46.1 0.4

321 327 1 5.02 20.1 1.3 34.6 1.8 41.2 1.5 18.7 1.7 35.1 0.9 41.2 0.8 18.1 0.8 35.1 2.6 41.1 0.8 22.4 1.5 39.2 1.4 44.5 0.9 23.3 1.4 37.4 0.7 45.2 0.4 22.2 1.3 37.5 1.3 44.7 0.7

328 334 1 12.18 22.9 0.4 29.1 0.4 30.7 0.0 22.6 0.9 29.0 0.2 29.8 0.6 21.7 1.3 28.8 0.5 30.3 0.9 24.0 0.2 30.0 0.3 31.4 0.1 23.9 0.3 30.2 0.3 31.7 0.3 23.5 0.5 29.9 0.3 31.6 0.2

335 342 2 8.04 0.4 0.1 2.9 0.1 12.0 0.1 0.3 0.2 3.2 0.2 11.7 0.2 0.3 0.1 2.9 0.1 11.3 0.4 0.9 0.3 4.4 0.2 13.1 0.2 0.5 0.0 4.5 0.1 13.4 0.0 0.4 0.1 4.3 0.2 13.2 0.1

343 350 2 7.64 43.0 0.9 60.6 0.6 61.6 0.4 44.2 1.7 60.6 0.7 59.6 0.6 45.5 2.5 59.1 1.5 59.3 3.1 49.7 0.7 60.8 1.3 61.8 0.2 49.5 1.0 60.8 0.7 61.8 0.6 49.4 1.3 60.5 0.6 61.3 0.8

343 355 2 10.77 23.9 0.7 34.9 0.6 37.6 0.1 24.4 0.7 34.2 0.3 36.8 0.3 24.5 1.5 34.4 0.8 37.2 1.0 27.8 0.7 35.1 0.5 38.4 0.1 27.6 0.6 35.3 0.2 39.0 0.1 27.4 1.0 35.2 0.3 38.7 0.5

347 355 2 9.00 18.1 1.0 24.2 1.2 30.3 0.6 18.2 1.4 25.1 0.8 30.9 0.8 18.7 1.1 26.1 0.8 32.1 1.0 21.5 1.0 26.6 0.2 31.7 0.7 20.7 0.5 26.5 0.5 32.6 0.5 20.2 0.8 27.4 1.0 32.5 0.7

356 369 2 8.00 2.4 0.0 5.0 0.2 5.8 0.3 2.4 0.2 5.1 0.2 5.5 0.2 2.8 0.0 5.3 0.3 5.8 0.4 3.0 0.2 5.6 0.3 6.0 0.2 2.9 0.1 5.6 0.1 6.0 0.2 3.0 0.1 5.9 0.1 6.3 0.1

356 373 3 8.26 3.1 0.4 8.5 0.3 9.2 0.2 3.4 0.2 8.7 0.1 8.9 0.3 4.4 0.0 8.7 0.5 9.1 0.6 4.4 1.0 8.9 0.2 9.5 0.1 3.8 0.2 9.2 0.2 9.6 0.2 4.4 0.2 9.3 0.2 9.5 0.1

370 385 3 7.73 9.5 0.5 21.7 0.7 30.3 0.5 9.5 0.6 21.6 0.5 29.5 0.6 9.0 0.6 21.5 1.0 29.3 1.4 12.6 0.8 24.6 0.6 33.6 0.5 11.8 0.6 25.0 0.1 33.6 0.6 11.3 0.5 24.4 0.3 34.1 0.7

370 386 3 10.51 7.5 0.5 21.0 0.4 28.9 0.5 7.6 0.3 21.1 0.3 28.0 0.6 7.4 0.7 21.3 0.5 28.6 0.9 9.8 0.4 23.1 0.7 30.8 0.3 9.8 0.4 23.4 0.1 31.5 0.4 9.8 0.2 23.9 0.1 31.7 0.3

390 402 3 11.38 0.8 0.2 2.8 0.1 7.4 0.1 0.8 0.2 2.8 0.0 7.1 0.1 0.5 0.0 1.9 0.2 6.3 0.1 0.6 0.2 3.6 0.2 7.4 0.0 0.8 0.2 3.8 0.1 7.4 0.1 0.8 0.1 3.3 0.1 7.4 0.0

391 402 3 10.92 0.4 0.1 0.5 0.1 0.7 0.1 0.4 0.2 0.5 0.0 0.6 0.0 0.4 0.0 0.5 0.1 0.5 0.0 0.4 0.0 0.4 0.0 0.5 0.1 0.5 0.0 0.5 0.1 0.5 0.1 0.4 0.1 0.5 0.1 0.5 0.1

408 429 5 10.67 3.1 0.0 3.3 0.1 4.3 0.1 3.1 0.1 3.2 0.1 4.2 0.2 3.2 0.2 3.5 0.2 4.7 0.2 3.4 0.1 3.6 0.1 4.7 0.2 3.3 0.0 3.5 0.2 4.9 0.2 3.6 0.1 3.8 0.1 5.3 0.1

430 436 1 10.82 0.7 0.1 1.1 0.1 6.2 0.3 0.7 0.3 1.2 0.1 5.8 0.2 0.6 0.1 1.2 0.3 5.2 0.1 0.0 0.0 1.0 0.2 6.8 0.1 0.2 0.1 1.0 0.2 7.1 0.2 0.0 0.2 0.9 0.1 6.8 0.1

430 443 2 12.08 6.2 0.5 11.9 0.3 17.6 0.5 5.8 0.4 12.0 0.4 16.9 0.4 5.5 0.4 12.1 0.4 17.3 0.7 7.6 0.5 13.5 0.4 19.2 0.4 7.2 0.2 13.7 0.4 20.1 0.5 7.3 0.2 13.5 0.3 19.8 0.5

432 443 2 10.62 7.2 0.6 14.3 0.1 18.5 0.4 7.0 0.3 13.8 0.6 17.9 0.3 6.9 0.6 14.2 0.3 18.4 0.8 8.2 0.5 15.5 0.5 19.1 0.4 8.3 0.4 15.5 0.4 19.2 0.1 8.4 0.3 15.6 0.2 19.5 0.4

437 443 1 7.60 15.5 0.4 28.1 0.7 31.3 0.5 15.3 0.6 28.2 0.2 30.5 0.3 14.3 1.0 28.1 0.5 31.1 1.1 18.2 0.7 29.8 0.5 32.0 0.4 18.5 0.6 30.1 0.2 32.1 0.6 18.1 0.8 30.4 0.1 32.5 0.2

444 454 2 11.53 9.2 0.2 18.6 0.4 26.9 0.2 9.5 0.5 19.6 0.5 26.6 0.1 10.2 0.6 22.8 0.3 26.9 0.8 10.2 0.5 21.9 0.7 27.4 0.1 10.1 0.2 22.4 0.2 27.8 0.3 10.7 0.5 23.4 0.5 27.7 0.2

444 455 2 13.40 8.6 0.1 20.6 0.3 31.7 0.1 9.1 0.5 22.6 0.3 31.0 0.6 10.6 0.9 27.3 0.5 31.2 0.9 9.8 0.5 25.2 0.7 32.1 0.3 9.8 0.3 25.9 0.2 32.4 0.1 11.1 0.3 27.7 0.5 32.1 0.4

444 473 3 13.96 5.7 0.2 13.3 0.2 24.4 0.4 6.0 0.3 14.2 0.1 23.8 0.4 6.5 0.5 17.0 0.3 25.2 0.9 7.1 0.4 16.2 0.7 26.7 0.3 6.9 0.2 16.9 0.3 27.2 0.5 7.5 0.2 17.9 0.3 27.7 0.5

455 473 3 10.77 7.0 0.2 12.9 0.2 24.9 0.3 7.1 0.2 13.3 0.2 24.8 0.2 6.7 0.5 13.9 0.2 26.3 0.8 8.2 0.2 15.1 0.4 27.8 0.2 8.1 0.2 15.3 0.3 28.3 0.3 8.1 0.2 15.6 0.0 28.9 0.3

456 473 2 9.90 8.4 0.3 15.5 0.2 30.2 0.2 8.4 0.3 15.7 0.2 29.8 0.5 8.0 0.6 16.5 0.3 31.5 0.8 9.8 0.3 18.0 0.5 33.5 0.3 9.7 0.3 18.2 0.2 34.2 0.1 9.7 0.3 18.4 0.1 34.9 0.3

456 474 2 9.30 7.8 0.2 13.8 0.5 26.5 0.3 7.9 0.3 14.1 0.3 26.0 0.4 7.5 0.5 14.9 0.3 27.6 1.0 9.3 0.4 16.1 0.6 29.7 0.4 9.1 0.2 16.5 0.1 30.7 0.6 9.1 0.2 16.7 0.1 30.9 0.2

478 482 1 11.98 39.8 0.9 47.5 0.9 46.9 0.5 39.3 1.6 46.1 0.6 47.5 0.8 38.5 1.6 47.2 1.6 46.1 0.8 41.5 1.3 47.6 0.7 47.9 0.5 42.5 0.6 47.8 0.5 48.2 0.2 40.7 1.4 47.0 1.0 47.3 0.0

487 491 1 7.64 34.9 0.9 42.4 1.4 57.2 0.1 34.1 1.7 42.9 0.8 56.0 0.7 33.1 1.3 40.6 3.0 52.9 1.9 36.5 1.2 45.2 1.3 59.0 0.5 35.9 0.2 45.7 0.4 58.7 1.0 34.7 0.8 44.7 0.7 57.1 0.9

492 498 1 8.30 10.0 0.7 25.8 0.2 28.3 1.7 10.2 0.6 26.3 0.9 28.0 0.6 9.7 0.5 27.2 1.1 28.5 2.0 16.1 3.1 27.5 1.6 30.4 0.3 14.0 1.7 27.6 0.3 29.9 0.4 14.2 0.8 27.5 0.4 29.8 1.0

495 506 3 9.30 27.3 0.6 31.7 0.8 31.8 0.3 27.0 0.8 31.6 0.5 31.4 0.3 27.0 1.3 31.8 0.6 32.1 0.9 29.6 0.5 32.2 0.6 33.1 0.5 29.5 0.7 33.1 0.1 33.4 0.4 29.2 0.8 33.3 0.6 33.4 0.4

499 506 2 7.28 47.8 1.9 49.7 1.1 50.4 0.4 46.9 1.6 50.1 0.5 48.6 1.0 49.7 1.4 51.0 2.3 50.8 2.1 49.5 0.8 50.8 0.4 52.3 0.1 49.1 0.7 51.2 0.3 52.3 1.1 50.2 0.7 54.1 1.3 53.2 0.8

499 507 2 6.46 49.0 1.0 50.7 0.7 52.5 1.8 48.1 2.8 51.1 1.7 50.8 1.0 47.8 2.7 52.0 1.7 52.9 2.1 52.5 0.2 52.5 0.9 54.5 0.7 52.1 0.7 53.5 0.6 55.1 1.1 51.0 1.4 53.7 0.7 55.1 0.3

507 520 3 6.25 33.5 1.5 35.1 1.8 35.4 1.8 33.7 2.2 34.4 0.2 34.1 1.6 32.9 1.0 35.5 1.7 35.7 1.4 35.6 1.0 36.3 1.2 37.3 0.4 36.7 1.0 36.5 0.8 37.9 1.1 35.9 1.5 37.2 0.1 38.1 0.5

507 522 3 6.32 31.7 0.9 33.3 1.8 34.1 1.6 31.5 1.6 32.7 1.3 31.2 0.5 30.1 1.6 32.8 1.7 31.9 1.4 33.4 0.2 34.0 1.3 34.8 1.4 33.4 0.8 34.7 0.4 35.7 0.5 32.9 1.2 34.9 0.4 36.1 0.1

508 523 4 7.84 32.0 1.0 32.9 0.5 34.1 0.2 30.9 1.3 33.1 0.6 33.1 0.9 30.8 1.6 33.7 1.2 34.0 1.5 34.0 1.2 34.4 0.7 35.4 0.7 33.2 0.5 33.6 0.1 35.7 0.8 32.8 1.2 34.4 1.1 35.4 1.0

523 531 2 5.74 15.9 2.2 30.6 1.0 33.9 0.4 15.2 1.0 30.9 1.3 32.3 1.3 14.8 1.0 30.2 1.1 32.7 1.7 23.3 2.8 31.3 0.5 35.7 0.3 17.9 0.8 31.9 0.5 35.7 0.8 18.1 0.9 32.0 1.1 35.6 0.4

524 531 2 4.91 10.5 1.2 28.5 1.0 33.5 1.0 11.2 0.7 28.3 1.3 32.1 0.5 9.3 0.9 29.1 1.0 32.4 1.0 15.2 1.1 31.0 1.0 36.3 1.0 14.8 0.9 31.7 0.5 36.6 0.8 14.0 0.7 31.7 0.6 36.5 1.0

532 542 2 7.02 8.3 1.0 12.9 0.3 24.7 1.8 7.5 0.4 13.4 0.6 22.7 0.7 7.1 0.5 13.8 1.1 22.5 0.8 5.5 1.2 15.1 0.9 25.4 0.4 9.0 0.6 15.0 0.5 25.8 0.8 8.2 0.7 13.9 1.5 25.7 0.6

532 551 3 11.90 4.2 0.3 9.6 1.2 16.1 1.2 4.8 0.5 11.1 0.6 15.0 0.8 7.8 0.3 12.7 1.0 15.2 0.8 5.8 0.6 11.0 0.3 18.2 0.2 5.7 0.1 11.9 0.7 19.5 0.3 8.0 0.5 13.3 0.9 18.2 0.7

534 542 2 7.88 9.0 0.6 16.2 0.3 28.0 0.5 9.3 0.7 16.1 0.5 27.2 0.6 8.8 0.3 15.5 0.9 25.3 1.5 11.1 0.3 18.7 0.3 31.7 0.3 10.6 0.1 18.6 0.3 32.5 0.8 10.5 0.3 18.5 0.5 31.5 0.4

543 551 1 9.97 2.8 0.5 7.0 0.6 11.8 0.4 3.5 0.1 9.3 0.8 11.3 0.2 # # # # # # 3.2 0.2 8.2 0.4 12.2 0.5 2.8 0.4 9.2 0.4 12.8 0.3 # # # # # #

550 565 4 12.59 0.6 0.2 4.6 0.6 10.7 0.1 0.3 0.5 4.5 0.7 10.9 0.4 0.9 0.5 4.5 0.4 10.7 0.5 1.0 0.9 6.3 0.2 11.8 0.6 0.7 0.1 6.4 0.4 12.1 0.5 0.8 0.4 5.8 0.4 12.0 0.2

552 565 4 11.38 0.7 0.1 5.3 0.5 14.2 0.1 0.8 0.1 5.4 0.3 13.6 0.2 0.5 0.1 5.2 0.1 13.5 0.6 1.0 0.1 6.9 0.4 15.1 0.3 0.9 0.1 7.0 0.0 15.3 0.2 1.1 0.1 7.0 0.2 15.2 0.2

552 570 4 13.08 0.5 0.1 3.2 0.2 8.6 0.3 0.5 0.1 3.3 0.1 8.3 0.2 0.3 0.1 3.2 0.1 8.0 0.4 0.7 0.1 4.3 0.2 9.5 0.2 0.6 0.0 4.5 0.1 9.8 0.2 0.6 0.0 4.3 0.2 9.4 0.2

561 570 2 13.81 0.3 0.1 1.3 0.0 4.3 0.1 0.4 0.0 1.4 0.1 4.1 0.2 0.6 0.3 1.3 0.0 3.7 0.1 0.5 0.1 1.5 0.2 4.7 0.1 0.5 0.1 1.7 0.1 4.7 0.2 0.4 0.1 1.7 0.2 4.4 0.2

571 583 2 8.59 0.4 0.0 1.1 0.1 4.9 0.2 0.4 0.1 1.2 0.0 4.3 0.1 0.4 0.1 1.0 0.1 3.5 0.2 0.5 0.2 1.6 0.1 6.0 0.1 0.4 0.1 1.7 0.0 6.1 0.2 0.4 0.0 1.5 0.0 5.8 0.1

587 598 2 8.18 2.3 0.2 10.8 0.1 21.6 0.5 2.2 0.2 10.6 0.4 21.4 0.2 1.8 0.3 10.1 0.4 20.5 0.6 3.6 1.1 12.7 0.3 24.2 0.2 3.1 0.3 13.0 0.5 24.2 0.1 2.9 0.2 12.8 0.3 23.6 0.1

602 613 2 9.55 1.0 0.1 4.3 0.3 11.6 0.1 1.1 0.1 4.6 0.3 11.4 0.3 1.9 0.0 5.6 0.3 12.6 0.3 1.6 0.2 5.4 0.2 12.7 0.0 1.3 0.0 5.6 0.1 13.0 0.4 1.9 0.1 6.6 0.4 13.9 0.4

602 628 5 13.83 4.1 0.2 7.3 0.3 14.5 0.2 4.2 0.3 7.2 0.0 13.5 0.3 3.8 0.6 6.8 0.4 13.6 0.3 4.8 0.5 8.0 0.1 14.8 0.3 4.7 0.4 8.5 0.2 15.0 0.3 4.7 0.1 8.4 0.1 15.1 0.3

615 632 3 11.63 4.2 0.2 8.0 0.3 18.7 0.7 4.3 0.4 8.2 0.1 18.6 0.5 # # # # # # 5.2 0.7 9.6 0.3 20.3 0.5 4.9 0.2 9.7 0.3 21.0 0.0 # # # # # #

619 632 3 11.13 3.4 0.2 7.0 0.2 19.4 0.1 3.4 0.2 7.0 0.3 18.6 0.4 3.2 0.3 6.8 0.2 18.4 0.7 4.2 0.4 8.7 0.3 20.8 0.2 4.0 0.2 8.8 0.2 21.5 0.3 4.0 0.2 8.4 0.2 21.4 0.3

631 635 1 12.64 1.6 0.9 0.7 0.3 2.0 1.2 1.1 0.5 0.8 0.3 1.6 0.3 1.0 0.5 0.8 0.4 1.1 0.4 1.6 0.2 1.3 0.4 1.0 0.0 0.9 0.2 0.9 0.2 1.3 0.5 0.4 0.5 0.7 0.3 0.7 0.2

636 648 2 12.38 1.4 0.1 7.2 0.1 11.8 0.1 1.4 0.1 7.3 0.1 11.7 0.3 1.2 0.1 7.4 0.1 12.0 0.3 2.3 0.5 7.8 0.3 12.0 0.1 2.1 0.2 8.1 0.1 12.5 0.1 2.0 0.1 8.2 0.0 12.4 0.1

636 649 2 13.86 1.2 0.1 7.0 0.1 11.4 0.2 1.3 0.1 7.1 0.1 11.2 0.2 1.0 0.1 6.9 0.1 11.4 0.1 2.3 0.4 7.4 0.2 11.5 0.1 2.1 0.2 7.6 0.1 11.8 0.1 1.7 0.2 7.8 0.1 12.0 0.2

644 649 1 12.58 2.7 0.3 15.3 0.6 17.0 0.9 3.2 0.3 15.3 0.2 16.8 0.4 2.8 0.4 15.1 0.2 17.3 0.6 4.9 0.7 15.2 0.4 16.2 0.6 4.2 0.3 16.1 0.0 16.6 0.1 4.2 0.4 15.8 0.7 16.9 0.4

649 666 4 9.75 0.3 0.1 0.2 0.0 0.4 0.1 0.2 0.1 0.3 0.0 0.3 0.1 0.1 0.1 0.3 0.1 0.5 0.0 0.2 0.0 0.2 0.0 0.3 0.1 0.3 0.0 0.3 0.1 0.4 0.1 0.2 0.0 0.3 0.0 0.4 0.1

667 671 2 13.66 0.3 0.1 0.3 0.2 0.3 0.4 0.4 0.2 0.3 0.2 0.3 0.2 0.1 0.2 0.3 0.2 0.4 0.3 0.4 0.1 0.4 0.0 0.4 0.2 0.2 0.3 0.4 0.2 0.4 0.1 0.3 0.2 0.3 0.0 0.4 0.1

672 687 4 9.29 3.2 0.3 6.2 0.2 12.3 0.2 3.3 0.3 6.1 0.3 12.1 0.1 3.2 0.3 6.3 0.1 13.2 0.6 4.2 0.2 7.1 0.2 14.5 0.3 4.1 0.1 7.3 0.1 15.1 0.2 4.2 0.2 7.5 0.2 15.4 0.1

691 697 2 7.06 13.9 0.8 21.9 0.5 22.8 0.5 13.9 0.3 22.1 0.2 21.9 0.3 13.3 1.0 22.2 0.6 22.6 0.6 16.3 0.2 22.1 0.3 23.4 0.3 16.1 0.5 22.7 0.6 23.4 0.4 15.7 0.5 22.8 0.5 23.5 0.1

698 708 2 5.63 0.8 0.4 1.9 0.1 4.4 0.4 0.9 0.2 2.7 0.4 4.2 0.7 0.7 0.2 2.5 0.2 4.4 0.6 0.8 0.7 3.5 0.4 4.4 0.4 1.2 0.1 3.5 0.4 4.9 0.3 1.1 0.6 3.2 0.3 4.7 0.3

698 709 3 6.91 0.2 0.0 1.0 0.1 1.9 0.1 0.3 0.0 1.0 0.1 1.7 0.1 0.2 0.1 1.1 0.1 1.9 0.1 0.3 0.2 1.4 0.1 2.0 0.1 0.3 0.0 1.5 0.1 2.0 0.1 0.3 0.0 1.5 0.0 2.1 0.1

714 735 4 10.68 26.0 1.0 36.8 0.5 40.1 0.1 25.5 1.2 36.1 0.6 40.0 0.6 24.7 2.3 36.5 0.6 40.0 0.6 30.8 0.9 37.8 0.8 41.8 0.4 30.6 0.6 37.5 0.5 42.6 0.4 29.6 0.7 38.0 0.3 42.3 0.2

716 734 3 7.99 27.9 1.4 36.9 1.1 42.0 0.9 27.2 1.3 37.6 0.4 41.0 0.9 26.4 1.6 37.3 2.0 40.5 2.3 32.8 0.7 39.2 0.6 44.5 0.3 32.6 0.7 39.8 0.5 44.2 1.1 32.0 0.9 40.1 0.9 44.5 0.3

720 734 4 6.61 28.3 1.3 37.1 0.7 38.3 1.7 27.8 1.8 36.9 0.9 36.2 0.5 26.4 1.9 37.4 2.6 37.9 2.7 34.1 0.5 37.9 0.5 40.6 0.4 34.1 0.2 39.3 1.2 40.8 0.7 33.6 1.0 40.5 0.7 40.8 0.7

735 744 2 8.56 5.1 1.0 23.9 1.5 44.1 1.5 5.6 2.0 24.9 2.3 42.9 1.8 4.7 0.3 19.1 0.3 40.1 2.2 8.2 0.8 31.5 1.5 45.0 1.4 6.7 0.7 32.2 0.5 46.9 0.9 6.7 0.4 29.6 1.0 44.3 2.6

745 764 3 14.14 0.8 0.1 1.2 0.2 3.3 0.0 0.8 0.2 1.3 0.1 3.2 0.1 0.7 0.2 1.4 0.1 2.9 0.1 0.9 0.1 1.7 0.1 4.0 0.1 0.9 0.0 1.6 0.2 4.1 0.1 0.9 0.1 1.6 0.1 4.1 0.1

745 766 3 14.10 2.7 0.3 4.5 0.0 6.3 0.1 2.8 0.3 4.6 0.1 6.0 0.1 2.6 0.2 4.6 0.2 6.0 0.2 3.6 0.2 4.8 0.1 7.0 0.1 3.5 0.1 4.9 0.1 7.3 0.2 3.4 0.1 4.8 0.0 7.1 0.1

746 764 3 13.61 0.7 0.1 0.8 0.1 2.6 0.1 0.6 0.1 0.8 0.0 2.5 0.2 0.6 0.0 0.9 0.1 2.4 0.1 0.7 0.1 0.9 0.1 3.3 0.0 0.7 0.1 1.0 0.1 3.4 0.1 0.7 0.0 0.9 0.0 3.3 0.1

746 766 3 13.65 2.7 0.1 4.5 0.1 6.1 0.1 2.8 0.1 4.6 0.0 5.9 0.1 2.5 0.3 4.6 0.2 5.8 0.2 3.6 0.2 4.7 0.1 6.8 0.1 3.5 0.1 4.8 0.1 7.0 0.1 3.5 0.1 4.6 0.0 6.9 0.1

751 764 2 11.68 0.8 0.1 1.2 0.1 3.2 0.1 1.0 0.1 1.2 0.0 3.1 0.1 0.8 0.1 1.1 0.1 3.0 0.2 1.0 0.2 1.3 0.0 4.2 0.1 0.9 0.1 1.3 0.1 4.2 0.1 1.0 0.1 1.4 0.2 4.3 0.1

751 766 3 11.93 3.6 0.2 6.1 0.1 7.9 0.1 3.7 0.2 6.1 0.2 7.7 0.1 3.3 0.3 6.1 0.1 7.6 0.2 4.8 0.3 6.3 0.2 8.7 0.1 4.7 0.2 6.4 0.1 8.8 0.1 4.6 0.1 6.3 0.0 8.6 0.0

767 781 4 10.93 10.1 0.6 15.7 0.6 21.1 0.5 9.7 0.7 15.9 0.3 20.4 0.6 9.8 0.6 16.4 0.5 20.8 0.7 11.1 0.6 18.5 0.6 22.5 0.5 11.1 0.4 18.5 0.3 23.1 0.5 11.0 0.3 18.6 0.2 23.1 0.4

769 781 3 10.42 9.5 0.5 15.3 0.2 20.0 0.2 9.2 0.4 15.3 0.6 19.7 0.1 9.2 0.7 15.6 0.6 20.2 0.8 10.9 0.3 18.0 0.5 21.4 0.4 10.9 0.4 18.2 0.4 21.9 0.3 10.6 0.2 18.4 0.2 22.1 0.3

782 789 1 11.23 14.1 0.1 26.3 0.3 36.7 0.5 13.8 0.3 26.1 0.5 36.3 0.4 13.5 0.7 25.7 0.6 36.1 1.1 15.3 0.2 29.9 0.8 38.1 0.2 14.9 0.1 30.4 0.3 38.4 0.3 14.8 0.4 29.7 0.2 37.6 0.4

782 791 1 10.84 18.3 1.2 31.0 0.4 37.8 1.3 17.8 0.3 30.9 1.7 37.1 0.6 16.4 1.1 30.9 1.2 38.8 1.5 20.1 1.4 32.9 0.9 38.3 0.6 19.5 0.3 34.0 1.5 38.7 0.5 18.7 1.5 34.2 1.0 39.0 0.6

799 806 2 7.30 7.2 0.9 11.8 0.8 15.2 0.9 7.0 0.2 11.9 0.4 14.4 0.3 7.1 1.0 12.5 1.2 16.8 0.2 8.9 1.0 12.3 0.2 16.8 0.2 8.3 0.1 12.9 0.9 16.3 0.1 9.1 0.5 13.6 0.6 17.3 0.2

815 821 2 9.50 0.2 0.1 0.2 0.1 0.5 0.1 0.0 0.1 0.3 0.1 0.3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.0 0.3 0.2 0.3 0.2 0.1 0.1 0.2 0.3 0.4 0.2 0.1 0.1 0.1 0.3 0.1 0.2

817 830 2 12.00 5.6 0.6 7.9 0.9 12.3 0.4 4.7 0.3 7.8 0.7 11.7 0.3 5.0 0.7 7.6 0.1 11.0 0.6 6.0 1.0 8.3 0.3 13.3 0.1 6.2 0.4 8.3 0.2 14.9 0.6 5.1 0.5 7.8 0.2 13.3 0.4

822 831 1 12.74 5.2 0.4 7.7 0.3 13.5 0.3 5.0 0.1 7.5 0.4 13.1 0.3 4.1 0.3 7.0 0.2 12.3 0.5 5.2 0.2 7.6 0.2 14.6 0.5 5.1 0.3 7.8 0.2 14.7 0.2 4.9 0.2 7.7 0.2 14.8 0.1

831 839 2 12.38 0.5 0.1 2.9 0.1 8.1 0.0 0.4 0.1 3.0 0.3 8.0 0.1 0.4 0.1 2.9 0.2 7.7 0.4 0.8 0.2 4.3 0.3 8.8 0.1 0.6 0.1 4.4 0.2 8.8 0.2 0.5 0.0 4.1 0.1 8.7 0.1

832 839 2 11.53 1.0 0.3 3.8 0.3 10.6 0.1 1.0 0.2 4.1 0.2 10.5 0.3 0.8 0.2 4.2 0.1 10.5 0.4 1.2 0.2 6.5 0.6 11.7 0.2 1.3 0.1 6.6 0.5 11.7 0.1 1.4 0.2 7.0 0.3 12.3 0.2

840 847 1 11.02 2.3 0.4 3.4 0.3 5.8 0.1 2.3 0.5 4.0 0.1 5.6 0.3 2.0 0.3 4.4 0.7 5.8 0.1 2.2 0.2 4.1 0.2 5.9 0.1 2.2 0.1 4.2 0.1 6.0 0.2 2.3 0.3 4.4 0.4 6.1 0.2

847 858 2 8.85 7.8 0.3 12.7 0.2 16.5 0.7 7.6 0.5 13.1 0.3 16.5 0.1 # # # # # # 8.9 0.2 14.9 0.6 18.5 0.8 8.6 0.4 15.3 0.3 17.8 0.2 # # # # # #

848 858 3 7.68 8.8 0.3 14.2 0.1 20.1 0.4 8.6 0.4 14.5 0.3 19.4 0.3 8.4 0.6 14.3 0.5 20.0 0.6 9.4 0.4 16.7 0.4 20.6 0.2 9.9 0.3 16.8 0.1 20.8 0.6 9.6 0.3 16.7 0.3 20.9 0.2

859 872 3 10.06 42.8 1.0 47.1 0.7 48.2 0.4 43.1 2.2 46.0 0.6 47.7 0.2 44.3 1.4 46.6 0.3 48.6 1.3 45.1 1.3 47.3 0.4 50.2 0.3 43.9 0.7 47.5 0.1 50.6 0.1 43.8 1.3 47.6 0.5 50.7 0.5

873 893 2 8.17 6.8 0.3 16.7 0.6 18.8 0.2 6.7 0.3 16.8 0.2 18.5 0.3 6.6 0.4 17.1 0.6 19.3 1.2 8.7 0.5 18.3 0.2 20.2 0.3 8.7 0.5 18.8 0.2 20.3 0.4 8.5 0.3 19.0 0.1 20.7 0.1

880 893 2 7.84 8.3 0.3 21.6 0.6 24.6 0.6 8.3 0.7 22.0 0.7 23.5 0.6 7.9 0.8 21.7 0.9 24.5 1.0 10.9 0.7 23.6 0.6 25.7 0.1 10.8 0.5 24.1 0.1 25.7 0.3 10.4 0.6 24.1 0.4 25.9 0.3

904 908 1 6.62 0.5 0.3 0.3 0.2 0.7 0.4 0.3 0.2 0.3 0.2 0.6 0.4 0.4 0.2 0.4 0.1 0.5 0.2 0.7 0.4 0.4 0.0 0.7 0.1 0.2 0.1 0.6 0.2 0.6 0.2 0.4 0.1 0.4 0.2 0.7 0.1

909 920 2 9.51 2.9 0.3 6.8 0.5 9.8 0.2 3.0 0.3 6.3 0.0 9.9 0.3 3.0 0.0 7.0 0.4 9.8 0.4 3.7 0.3 8.8 0.4 10.5 0.2 3.6 0.2 8.9 0.2 10.9 0.6 3.4 0.2 8.9 0.4 10.9 0.1

921 929 1 8.04 1.7 0.4 1.8 0.7 5.3 0.5 1.9 1.3 2.3 1.6 4.7 0.7 2.7 2.9 1.2 0.4 5.1 0.5 -0.3 1.3 1.9 0.2 5.2 1.1 0.5 0.9 2.2 0.4 5.1 0.1 0.7 0.1 1.6 0.5 5.7 1.2

922 929 1 6.63 1.4 0.9 2.3 0.3 6.1 0.7 1.6 1.0 2.0 0.1 5.5 0.7 1.6 0.4 1.9 0.4 5.3 1.1 0.9 0.5 2.4 0.5 6.5 0.3 0.9 0.3 2.9 0.4 6.6 0.6 1.3 0.3 2.5 0.5 6.3 0.1

923 929 1 5.64 0.7 0.1 1.3 0.2 5.4 0.7 0.5 0.1 1.4 0.1 4.7 0.4 1.3 0.5 1.5 0.6 4.8 0.1 0.6 0.8 1.7 0.5 5.5 0.4 1.1 0.2 1.9 0.3 5.6 0.7 1.0 0.2 2.1 0.5 6.8 0.2

930 956 5 10.37 4.7 0.2 7.4 0.3 13.6 0.1 4.6 0.3 7.3 0.5 13.4 0.6 4.6 0.3 8.2 0.3 14.2 0.3 6.0 0.2 9.5 0.2 15.6 0.5 6.0 0.1 9.6 0.2 16.7 0.1 6.2 0.3 10.1 0.1 16.8 0.3

961 976 4 7.25 19.6 0.5 23.3 0.5 31.1 0.7 18.9 1.1 23.5 0.2 29.8 0.9 18.4 1.1 23.1 1.5 30.2 1.5 20.7 0.3 25.3 0.9 33.1 0.3 20.5 0.1 25.2 0.5 32.9 1.1 20.2 0.5 25.6 0.5 33.0 0.3

961 980 4 9.13 10.0 0.7 11.6 0.4 18.1 0.4 9.9 0.2 11.9 0.5 17.4 0.2 9.7 0.4 11.8 0.5 17.8 0.6 10.7 0.7 13.1 0.3 19.2 0.2 10.4 0.3 13.6 0.4 19.9 0.6 10.6 0.5 13.6 0.6 19.6 0.4

962 976 4 5.62 20.6 0.8 24.8 0.5 34.1 0.8 20.4 1.0 24.9 0.9 31.9 0.5 19.3 1.1 25.0 1.4 33.0 1.6 22.8 0.3 27.4 0.7 35.7 0.6 22.2 0.3 27.5 0.4 36.1 0.4 21.8 0.8 27.4 1.0 35.6 0.3

985 989 1 8.61 0.8 0.3 1.6 0.6 1.6 1.0 0.7 0.3 1.2 0.4 1.7 0.5 1.0 0.1 2.0 0.7 1.1 0.3 1.1 0.5 2.8 0.5 2.5 0.4 0.8 0.9 2.9 0.5 2.3 1.0 1.7 0.7 1.9 0.4 1.7 0.4

990 997 2 5.06 3.9 0.3 12.3 0.4 23.4 1.0 4.0 0.3 12.5 0.8 22.7 0.4 3.3 0.5 12.5 0.6 22.3 0.9 5.9 0.6 14.7 0.6 24.9 0.5 5.6 0.4 15.1 0.5 25.7 0.5 5.5 0.4 14.9 0.6 25.4 0.6

1002 1006 1 13.18 0.4 0.3 0.8 0.2 6.9 0.4 0.3 0.1 1.0 0.4 7.0 0.3 0.0 0.3 1.7 0.2 8.0 0.4 0.6 0.2 1.2 0.4 7.5 0.6 0.4 0.4 1.5 0.1 8.2 0.2 0.4 0.2 1.5 0.5 8.6 0.1

1005 1013 1 11.85 12.9 0.2 24.1 0.5 33.4 0.7 13.7 0.3 24.9 0.3 33.0 0.3 15.8 0.2 27.5 2.0 37.6 0.7 15.1 0.9 27.1 0.5 34.5 0.3 14.8 0.5 27.2 0.7 34.6 1.1 16.2 0.4 30.3 1.2 38.0 0.1

1006 1013 2 10.84 7.6 0.4 12.7 0.3 19.8 0.5 7.5 0.2 12.6 0.2 19.8 1.1 7.6 0.5 13.1 0.8 20.0 1.0 9.1 1.1 14.5 1.1 20.3 0.3 7.7 0.2 14.6 0.6 20.7 1.0 8.1 0.8 14.3 0.8 20.7 0.7

1017 1021 1 7.94 4.7 0.3 17.4 0.3 18.1 0.4 4.9 0.1 17.5 0.6 18.0 0.2 4.9 0.6 17.4 0.2 18.1 0.7 8.2 0.9 18.3 0.4 19.4 0.2 7.7 0.6 18.9 0.1 19.8 0.2 7.8 0.5 18.9 0.4 19.6 0.1

1022 1028 2 7.58 0.3 0.1 0.4 0.1 0.8 0.2 0.2 0.1 0.3 0.1 0.7 0.1 0.2 0.2 0.2 0.2 0.7 0.1 0.2 0.1 0.5 0.1 0.9 0.1 0.4 0.1 0.3 0.1 0.8 0.0 0.4 0.0 0.4 0.1 1.0 0.1

1029 1036 1 6.35 11.3 1.7 21.0 0.3 31.7 0.7 11.3 1.1 20.7 0.4 30.1 1.7 11.0 0.8 20.3 0.9 30.0 0.6 12.8 1.8 23.6 0.5 34.5 0.6 11.8 0.4 24.4 1.6 33.7 1.1 12.1 0.4 23.5 1.0 33.4 1.1

1060 1068 2 4.22 39.8 2.5 43.4 1.5 44.0 1.3 40.0 1.7 42.9 2.1 43.1 0.4 38.5 2.1 44.5 1.8 43.4 1.0 43.5 0.5 44.8 0.4 46.4 1.0 43.3 0.5 45.2 0.7 47.2 0.9 42.8 1.2 45.6 1.3 46.4 0.8
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conformational changes in the C-terminal p85-iSH2 mutants in the basal, 1 uM 

PDGFR pY, and 20 uM PDGFR pY states. 

 

 

 
Figure A1.8 cont.: All HDX p110 and p85 peptide data for experiments examining 

conformational changes in the C-terminal p85-iSH2 mutants in the basal, 1 uM 

PDGFR pY, and 20 uM PDGFR pY states. 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

7 14 2 9.14 2.9 0.6 3.1 0.6 6.3 0.9 2.5 0.6 3.2 0.6 6.3 0.6 3.4 0.3 4.3 0.4 6.7 0.4 2.7 0.2 3.3 1.0 6.3 0.8 2.6 0.9 3.8 1.1 6.1 0.7 2.5 0.8 3.0 0.3 6.4 0.5

9 13 1 6.42 2.0 2.0 3.1 0.8 8.8 1.0 2.6 2.1 3.6 0.8 7.6 2.5 0.2 0.9 2.1 1.6 8.1 0.5 1.4 0.7 2.7 0.7 10.8 1.7 1.7 0.4 2.4 0.6 8.9 2.3 1.3 1.0 3.6 1.4 8.9 1.1

12 21 3 4.65 15.4 0.3 26.4 2.5 29.9 0.1 14.2 0.4 28.5 0.7 29.6 0.5 14.6 1.0 26.3 1.3 30.2 0.2 15.3 0.7 28.3 0.5 29.9 0.6 14.5 0.4 27.8 0.2 29.8 0.7 14.6 0.6 27.5 0.4 30.0 0.4

22 30 1 13.02 0.8 0.4 3.7 0.9 7.6 0.3 0.7 0.6 4.2 0.8 7.2 0.2 0.1 0.5 1.7 0.3 6.4 0.6 -0.2 0.7 2.5 0.7 7.2 0.2 -0.1 0.5 2.5 0.2 6.9 0.5 -0.3 0.2 1.5 0.2 5.7 0.5

25 30 1 9.95 0.8 0.3 1.0 0.2 2.0 0.1 0.8 0.1 0.9 0.2 2.1 0.1 0.7 0.2 0.8 0.3 1.3 0.2 0.8 0.1 0.8 0.2 2.1 0.3 0.9 0.3 1.1 0.2 1.9 0.2 0.7 0.3 0.8 0.1 1.5 0.3

25 37 3 10.05 15.9 0.5 17.2 0.4 17.5 0.3 15.5 0.8 17.3 0.3 17.7 0.2 15.0 1.5 16.6 0.5 17.2 0.2 16.0 0.0 17.3 0.3 17.6 0.3 15.9 0.4 17.4 0.6 17.7 0.0 15.4 0.3 17.6 0.2 17.2 0.1

38 52 2 8.89 18.7 0.5 35.1 2.5 41.2 0.5 17.9 1.0 36.5 0.7 41.4 0.2 18.2 1.7 34.3 2.3 42.0 0.6 19.9 0.6 36.4 0.3 42.0 0.6 18.7 0.4 36.3 0.9 41.4 0.2 18.3 0.2 36.3 0.5 41.5 0.2

43 52 2 4.3 11.6 1.9 37.3 4.2 48.0 1.2 12.1 0.6 39.0 1.6 50.7 0.8 11.6 3.2 34.7 0.9 47.5 1.4 11.4 1.6 39.0 1.8 48.5 0.8 10.4 1.7 40.0 3.5 49.1 0.4 10.4 1.4 39.4 2.2 48.7 0.3

53 58 1 11.83 4.5 0.4 17.5 1.6 23.6 0.4 5.1 0.5 17.7 0.3 23.2 0.3 4.2 0.7 16.0 0.6 23.1 0.5 5.2 0.3 17.8 0.6 23.5 0.3 5.1 1.3 17.8 0.5 23.3 0.6 4.4 0.3 17.1 0.3 22.4 0.2

53 60 1 12.23 3.1 0.2 11.3 0.7 17.1 0.1 3.1 0.1 12.2 0.4 16.9 0.2 2.8 0.3 10.6 0.8 16.5 0.3 3.3 0.3 11.8 0.1 16.9 0.3 2.8 0.2 12.2 0.2 17.2 0.2 3.0 0.1 11.4 0.1 16.3 0.3

53 65 1 11.91 2.3 0.3 7.5 0.7 14.4 1.6 1.9 0.4 7.6 0.9 14.3 0.3 3.3 0.1 8.1 0.3 14.4 1.0 2.2 0.2 7.5 0.2 13.7 1.6 2.3 0.5 7.5 0.3 13.8 1.0 2.9 0.4 8.6 0.1 13.9 0.4

53 72 2 11.88 2.1 0.0 8.9 0.6 13.9 0.1 2.1 0.1 9.3 0.2 13.8 0.0 2.2 0.3 8.3 0.5 13.3 0.2 2.4 0.1 9.2 0.1 13.9 0.4 2.1 0.1 9.3 0.2 13.9 0.0 2.2 0.1 8.9 0.1 13.4 0.2

53 73 2 12.2 2.0 0.1 8.1 0.6 12.7 0.2 1.9 0.0 8.4 0.2 12.5 0.1 1.9 0.2 7.6 0.6 12.4 0.2 2.2 0.1 8.3 0.0 12.7 0.3 1.9 0.1 8.5 0.2 12.7 0.1 1.8 0.1 8.1 0.1 12.3 0.1

59 72 2 7.94 2.3 0.1 9.0 0.6 13.7 0.1 2.2 0.1 9.4 0.1 13.8 0.2 2.1 0.3 8.7 0.6 13.5 0.1 2.6 0.1 9.5 0.2 14.1 0.3 2.2 0.1 9.4 0.2 13.9 0.1 2.1 0.1 9.2 0.1 13.4 0.1

59 73 2 9.04 2.2 0.1 7.7 0.5 11.4 0.2 2.3 0.1 8.0 0.1 11.4 0.1 2.4 0.0 7.5 0.3 11.0 0.3 2.7 0.1 8.2 0.2 12.0 0.1 2.3 0.1 8.6 0.2 11.5 0.1 2.5 0.0 8.1 0.1 11.3 0.1

60 72 2 7.52 3.3 0.6 10.5 0.8 14.3 0.6 2.7 0.6 10.7 0.6 14.1 0.2 3.8 0.0 9.9 0.3 14.6 0.9 3.9 1.0 10.0 0.4 13.5 0.5 3.3 0.7 11.6 1.0 13.6 1.0 3.2 0.6 10.8 0.8 13.1 0.2

61 72 2 7.43 2.5 0.1 9.9 0.6 12.7 0.1 2.6 0.2 10.4 0.2 12.9 0.1 2.8 0.3 10.7 1.0 14.0 0.5 2.8 0.2 10.6 0.1 12.9 0.3 2.5 0.2 10.6 0.2 12.9 0.1 3.0 0.3 11.1 0.3 13.5 0.2

66 73 2 8.54 2.1 0.4 8.8 0.7 10.8 0.2 2.1 0.4 9.2 0.2 10.1 0.5 2.9 0.7 9.0 1.5 10.6 0.4 2.4 0.2 9.7 0.5 10.4 0.5 2.3 0.3 9.7 0.3 10.2 0.3 2.4 0.7 9.7 0.5 10.2 0.4

73 106 5 6.66 38.2 1.1 44.0 0.9 44.1 0.3 36.9 1.7 43.5 0.3 44.0 0.5 37.5 1.6 41.0 2.0 44.9 0.1 39.0 1.2 43.3 0.2 45.0 0.4 38.3 0.4 43.2 0.6 44.8 0.7 37.8 0.6 42.7 0.4 44.3 0.3

74 106 5 6.31 39.9 1.0 45.7 0.9 45.8 0.2 38.4 1.8 45.1 0.5 45.6 0.5 39.1 1.4 42.5 1.8 46.4 0.3 40.5 0.9 44.9 0.1 46.4 0.4 40.0 0.5 44.9 0.6 46.1 0.6 39.5 0.5 44.2 0.4 45.8 0.4

77 106 5 5.87 45.0 0.4 47.9 0.4 47.1 0.2 43.0 2.0 48.2 0.9 47.5 0.3 43.4 1.9 45.2 2.1 47.9 0.4 44.8 1.1 47.6 0.6 48.2 0.0 44.1 0.9 47.6 0.2 47.6 0.6 43.7 1.2 46.9 1.0 47.2 0.1

77 107 5 5.57 45.3 0.8 49.1 0.3 47.7 0.3 43.1 1.8 48.4 0.7 47.9 0.5 44.0 1.7 46.3 2.2 48.4 0.2 45.5 1.1 47.9 0.3 48.2 0.6 44.7 0.6 48.4 0.2 47.8 0.9 44.7 0.6 47.4 0.3 47.8 0.3

107 112 1 4.73 55.8 2.0 54.2 4.2 56.5 1.2 53.7 1.6 56.6 2.5 57.6 1.3 54.7 1.8 54.7 2.2 58.0 1.1 54.9 0.5 56.3 0.7 57.8 1.4 53.1 0.7 55.6 2.1 57.9 0.8 53.9 0.6 58.1 1.4 57.5 0.7

108 118 2 12.09 35.1 0.7 46.0 3.1 54.2 0.7 34.4 1.5 47.4 1.0 53.9 0.3 34.0 1.3 43.6 2.0 53.1 0.7 36.1 0.7 47.2 1.0 54.1 0.6 35.2 0.8 47.3 0.6 54.0 1.3 34.0 0.3 46.5 0.4 52.1 0.1

113 118 1 12.06 8.5 0.5 33.2 2.5 52.8 0.5 7.9 0.5 34.4 1.2 52.3 0.4 7.9 1.3 30.6 2.5 50.2 0.5 9.4 0.6 34.3 0.2 53.2 1.1 8.2 0.6 34.7 0.6 52.6 0.3 7.6 0.3 33.1 0.2 49.8 0.1

119 132 1 12.93 4.8 0.2 15.4 1.0 23.0 0.2 4.6 0.4 16.1 0.4 22.7 0.0 4.7 0.4 15.0 1.1 22.7 0.4 5.4 0.2 16.0 0.1 23.1 0.4 4.8 0.1 16.2 0.0 22.8 0.3 4.5 0.2 15.6 0.1 21.8 0.0

133 137 1 7.44 1.0 0.1 1.3 0.2 1.3 0.3 0.8 0.2 0.9 0.5 1.1 0.2 1.4 0.2 2.2 0.2 2.4 0.1 0.8 0.3 0.8 0.1 1.0 0.4 1.2 0.3 1.0 0.3 1.1 0.3 0.9 0.2 0.9 0.1 1.1 0.1

133 138 1 7.8 1.8 0.1 1.7 0.3 2.6 0.6 2.0 0.2 1.7 0.3 2.6 0.7 1.4 0.2 3.0 0.0 2.7 0.2 1.6 0.7 2.0 0.2 1.7 0.4 1.7 0.4 2.2 0.4 1.9 0.3 1.6 0.5 2.2 0.2 2.4 0.2

138 146 1 5.76 7.9 0.8 19.4 1.5 33.6 1.1 8.0 1.0 21.0 1.0 35.0 1.2 8.3 0.6 19.7 2.5 34.3 0.6 8.6 0.1 20.3 0.8 32.8 0.4 7.7 1.1 20.0 0.7 32.4 0.4 6.9 0.4 20.1 1.1 31.9 0.3

149 158 2 6.66 36.1 1.7 39.1 2.9 43.7 0.9 34.8 1.2 40.5 0.6 44.1 0.5 36.3 1.5 39.3 1.8 45.2 0.6 36.6 0.8 40.0 0.4 44.8 0.7 36.3 0.3 39.9 0.8 44.4 0.3 36.3 0.5 40.4 0.8 44.7 0.5

149 160 2 6.38 31.2 1.6 39.2 3.2 46.3 1.6 30.0 1.1 41.2 1.0 46.5 0.8 33.8 3.2 39.5 1.8 49.4 2.0 31.9 0.8 39.0 0.6 45.3 2.0 30.1 0.5 41.0 0.9 45.9 0.7 31.5 1.0 42.2 2.8 44.7 2.2

150 158 2 5.98 44.6 1.0 46.6 3.7 47.3 0.6 43.1 1.9 49.0 0.6 47.6 0.8 44.7 2.1 45.9 2.5 48.2 0.6 45.0 1.2 48.4 0.3 48.4 0.2 44.4 0.6 48.2 0.3 47.6 0.9 44.5 0.8 47.2 0.8 47.8 0.6

150 160 2 5.52 38.3 1.2 45.7 4.0 48.1 0.4 37.1 1.4 47.8 0.9 48.8 0.2 38.5 2.2 46.2 3.3 50.1 0.4 39.2 1.2 47.6 0.5 49.3 0.1 38.0 0.6 48.0 0.5 48.5 0.6 38.2 0.6 47.6 1.2 49.3 0.2

162 167 1 8.69 12.7 0.4 17.8 1.1 29.7 0.7 11.8 1.0 18.7 0.2 29.9 1.0 11.7 0.8 17.2 0.8 28.9 1.0 12.8 0.7 18.5 0.6 30.3 0.9 12.7 0.6 18.6 0.3 29.8 0.8 11.8 0.3 18.0 0.2 28.8 0.3

162 173 2 9.14 27.2 0.8 31.2 1.8 35.6 0.3 26.7 1.5 32.1 0.2 35.9 0.1 26.7 1.4 30.4 1.7 35.0 0.6 27.8 0.9 32.0 0.3 36.8 0.6 27.7 0.5 32.0 0.4 36.0 0.2 27.2 0.6 31.2 0.5 34.5 0.2

166 173 1 6.17 48.3 0.1 49.3 1.9 49.9 0.5 45.7 2.9 51.1 2.2 50.9 0.4 45.9 2.1 49.8 3.4 51.6 0.4 47.7 1.5 52.0 0.2 50.8 0.7 47.0 1.5 50.9 0.2 49.9 0.4 45.6 0.5 50.4 0.3 51.0 0.3

168 173 1 5.01 57.3 1.5 57.8 4.7 59.8 0.2 55.7 2.8 60.7 0.7 60.1 0.3 55.2 2.2 57.6 2.4 59.7 0.5 57.2 0.8 60.3 0.6 59.9 0.3 56.7 0.5 60.0 0.4 59.9 1.3 56.5 1.1 59.5 0.5 59.4 0.1

168 174 1 9.04 50.9 1.5 54.2 3.7 55.6 0.3 49.2 2.2 56.1 1.0 55.9 0.2 48.7 2.0 54.0 1.8 55.9 1.3 51.1 0.8 55.4 0.8 55.9 0.9 51.0 1.0 55.6 0.3 55.3 1.7 50.2 1.3 54.7 0.3 54.4 0.6

177 186 2 12.28 4.5 0.2 6.4 0.6 7.9 0.0 4.4 0.1 7.0 0.2 8.0 0.1 4.3 0.4 6.9 0.3 8.7 0.1 5.0 0.2 6.9 0.2 8.1 0.5 4.5 0.2 7.2 0.5 8.1 0.3 4.5 0.3 7.1 0.3 8.0 0.1

180 202 4 13.55 4.8 0.8 6.0 0.2 7.0 0.5 4.5 0.7 6.5 0.3 7.0 0.2 4.5 0.1 6.2 0.0 7.0 0.1 4.8 0.1 6.5 0.3 6.7 0.3 4.4 0.2 7.0 0.5 7.1 0.3 4.5 0.1 6.4 0.4 7.0 0.4

186 202 3 12.12 6.6 0.1 9.4 0.7 10.6 0.1 6.4 0.3 9.7 0.1 10.5 0.2 6.4 0.3 9.4 0.4 10.5 0.2 6.9 0.2 9.7 0.2 10.6 0.2 6.6 0.1 9.8 0.1 10.5 0.2 6.4 0.0 9.5 0.1 10.2 0.1

186 203 3 12.67 6.3 0.1 8.9 0.9 10.3 0.1 6.3 0.2 9.2 0.4 10.0 0.1 6.0 0.2 9.0 0.2 10.0 0.6 6.5 0.1 9.2 0.1 10.3 0.3 6.2 0.1 9.2 0.2 10.0 0.1 6.1 0.3 9.1 0.2 9.8 0.1

187 202 2 11.78 7.2 0.3 9.9 1.0 11.2 0.3 7.1 0.4 10.3 0.3 11.0 0.1 6.9 0.3 10.3 0.3 11.4 0.2 7.3 0.4 10.0 0.1 11.3 0.3 7.3 0.1 10.4 0.1 11.1 0.2 7.0 0.2 10.3 0.2 10.9 0.2

207 214 1 8.96 31.1 0.5 56.9 8.2 63.5 0.7 27.6 0.8 60.9 0.6 63.7 1.5 27.0 2.3 53.6 3.6 60.0 2.5 31.4 1.4 60.6 1.2 62.2 1.2 29.1 1.4 60.8 1.2 63.0 0.5 27.6 1.7 58.3 1.7 58.0 1.4

207 218 1 8.87 30.3 0.7 48.5 3.3 51.0 0.4 29.2 1.8 50.6 1.0 50.9 0.3 28.9 2.2 47.0 2.0 50.7 0.9 31.9 0.8 50.3 0.6 51.7 0.5 30.5 0.8 50.6 0.7 51.4 0.3 29.1 0.3 50.3 0.2 50.8 0.2

207 219 1 10.14 28.3 1.0 44.2 3.1 50.0 0.8 27.5 1.3 45.9 0.7 49.7 0.6 26.5 1.7 41.4 2.8 48.5 0.7 29.2 1.3 45.3 0.4 50.5 1.2 28.2 0.6 45.5 0.7 49.4 0.7 26.8 0.1 45.6 0.3 49.5 0.8

220 237 3 10.57 3.1 0.3 3.1 0.6 7.4 0.1 3.3 0.8 3.8 1.2 7.1 0.7 3.4 0.0 4.1 0.6 6.9 0.8 3.2 0.3 3.3 0.4 6.8 0.2 2.8 0.4 4.0 0.4 6.8 0.4 2.8 0.5 3.6 0.5 6.9 0.4

223 237 3 9.04 4.9 0.1 5.2 0.4 8.3 0.2 4.8 0.3 5.4 0.1 8.3 0.0 4.9 0.5 5.5 0.1 8.6 0.1 4.8 0.2 5.3 0.3 8.6 0.1 4.9 0.1 5.5 0.1 8.5 0.1 5.0 0.2 5.6 0.2 8.2 0.1

238 259 5 13.77 3.0 0.1 5.7 0.5 8.8 0.3 2.9 0.3 6.2 0.2 8.8 0.1 3.1 0.3 5.9 0.3 9.0 0.4 3.3 0.1 6.0 0.2 8.9 0.2 3.1 0.0 6.3 0.1 8.8 0.1 2.9 0.0 6.2 0.1 8.8 0.4

238 261 2 13.89 6.4 0.3 9.4 0.3 12.6 0.6 6.4 0.4 9.6 0.1 12.5 0.4 6.7 0.2 9.2 0.3 12.9 1.0 7.2 0.8 9.2 0.2 12.4 0.1 7.0 0.7 10.1 0.8 12.6 0.7 6.4 0.1 9.6 0.3 12.2 0.2

242 261 4 10.57 8.2 0.3 11.7 0.7 15.9 0.3 7.9 0.6 12.4 0.3 15.8 0.2 8.2 1.0 12.0 0.1 16.6 0.1 8.4 0.4 11.8 0.2 16.0 0.7 8.4 0.2 12.7 0.1 15.9 0.0 8.3 0.2 12.6 0.2 16.2 0.2

262 272 2 13.4 0.3 0.1 0.6 0.1 3.5 0.1 0.3 0.1 0.8 0.1 3.3 0.1 0.5 0.1 1.0 0.0 3.5 0.1 0.3 0.1 0.7 0.1 3.5 0.1 0.3 0.0 0.8 0.1 3.3 0.1 0.3 0.1 0.8 0.0 3.2 0.1

264 272 1 13.89 1.1 0.4 1.1 0.4 5.3 0.7 0.5 0.4 0.8 0.9 4.9 1.4 1.4 1.0 2.0 0.6 5.6 0.4 0.8 0.7 0.7 0.8 4.4 0.6 -0.3 0.4 1.7 0.6 4.4 0.6 0.3 0.3 1.5 0.6 4.0 1.0

265 272 1 13.13 0.7 0.5 1.5 1.6 7.0 1.5 0.3 0.2 1.9 0.5 5.7 0.4 0.8 0.3 2.4 0.8 6.5 0.6 0.5 1.7 0.7 0.6 6.2 0.8 1.0 0.8 1.0 0.6 5.2 0.9 -0.5 0.4 1.6 0.8 4.9 0.6

267 272 1 12.58 0.6 0.1 1.7 0.2 9.7 0.2 0.6 0.3 1.9 0.5 9.2 0.2 1.0 0.1 2.2 0.1 9.3 0.2 0.5 0.1 1.9 0.1 9.7 0.3 0.8 0.3 2.3 0.2 9.2 0.2 0.7 0.2 1.8 0.1 8.3 0.4

273 285 2 8.06 36.8 1.8 39.7 3.6 42.0 0.7 35.9 1.6 41.0 1.7 42.4 0.6 38.0 1.7 39.2 1.1 44.1 0.4 37.3 0.6 40.0 0.6 43.5 0.5 36.2 0.5 39.5 0.8 42.3 0.4 37.2 0.5 40.2 0.5 43.2 0.7

273 286 2 9.65 28.2 0.8 30.8 2.2 37.7 0.2 27.7 1.4 32.5 0.5 38.5 0.0 29.6 1.7 32.8 1.4 40.6 0.6 28.3 0.7 31.7 0.1 38.2 0.9 28.7 0.4 32.5 0.5 38.4 0.5 29.8 0.5 34.2 0.3 40.2 0.4

278 286 1 6.48 37.0 0.9 39.8 1.3 45.7 1.0 34.7 1.7 39.4 1.6 46.5 1.0 35.6 3.7 37.2 0.3 45.7 1.2 37.1 0.3 39.8 1.2 45.7 1.2 35.4 1.8 39.6 1.5 46.7 2.1 35.8 0.5 39.7 0.1 45.2 0.7

282 286 1 6.13 36.2 1.9 44.2 4.2 59.4 1.4 35.9 1.4 44.6 0.6 60.0 0.9 37.8 2.3 42.2 3.4 58.2 4.1 35.7 1.2 43.2 1.6 59.1 0.5 36.0 2.3 43.2 1.9 58.9 2.7 35.7 1.6 43.4 0.5 57.4 1.1

287 291 1 6.63 0.9 0.2 0.5 0.4 2.7 0.4 0.3 0.2 0.9 0.1 1.6 0.1 0.2 0.0 1.3 1.1 2.4 0.9 0.3 0.2 1.0 0.2 2.7 0.2 0.5 0.3 1.0 0.5 2.3 0.5 0.4 0.3 1.0 0.5 2.2 0.3

294 326 3 8.4 52.5 1.7 57.9 1.6 55.8 0.4 52.2 1.4 56.4 0.1 55.9 0.5 51.7 0.9 54.1 1.5 56.2 0.3 53.2 0.7 56.2 0.4 55.8 0.6 52.6 0.8 56.2 0.8 56.3 0.9 51.6 0.8 55.8 0.2 55.5 0.2

294 328 4 9.29 52.0 1.1 57.0 1.1 55.1 0.4 51.0 2.2 56.1 0.3 55.3 0.4 51.1 1.8 53.8 1.9 55.7 0.2 52.4 1.3 55.6 0.2 55.7 0.4 52.4 0.5 55.8 0.5 55.5 0.6 51.7 0.8 55.5 0.3 54.8 0.2

297 325 4 7.5 54.4 1.8 58.3 2.1 56.6 0.4 52.6 3.2 57.3 0.1 56.3 0.6 53.0 1.1 54.1 1.8 56.3 0.7 54.4 1.3 56.8 1.3 57.0 0.3 56.0 0.0 57.5 1.2 56.1 1.4 54.2 0.9 56.4 1.0 55.6 0.3

329 333 1 9.39 17.5 0.2 21.5 1.9 30.0 0.3 17.0 1.1 23.6 0.9 30.8 0.4 17.3 0.5 22.4 1.8 30.6 0.7 17.7 0.7 23.1 0.3 31.0 0.8 17.5 0.8 23.5 0.2 30.0 0.2 17.2 0.3 23.5 0.4 30.2 0.5

333 341 2 12.33 13.0 0.3 25.1 1.7 37.3 0.2 13.2 0.6 19.2 0.3 32.5 0.3 13.1 0.9 17.1 0.8 31.4 0.6 13.4 0.5 25.4 0.2 37.6 1.1 12.7 0.5 25.0 0.6 36.9 0.4 13.3 0.3 22.4 0.3 34.7 0.2

334 341 2 9.65 16.6 0.5 28.6 2.0 40.4 0.4 17.0 1.1 23.8 0.4 36.1 0.4 16.6 1.3 21.1 1.3 34.7 0.6 17.3 0.7 29.1 0.2 41.6 0.8 16.8 0.5 28.9 1.0 40.4 0.4 17.2 0.0 26.3 0.3 38.3 0.3

342 355 2 8.08 5.0 0.1 10.9 0.4 15.7 0.2 5.7 0.4 11.3 0.2 15.9 0.2 5.4 0.5 10.7 0.9 16.3 0.3 5.6 0.4 11.4 0.2 16.3 0.7 5.1 0.1 11.5 0.5 15.7 0.5 5.5 0.1 11.7 0.4 16.1 0.1

346 355 2 6.92 5.6 0.4 11.6 0.5 14.3 0.6 6.5 0.4 12.0 0.4 14.5 0.4 6.5 0.0 11.3 1.0 14.6 0.3 6.4 0.5 11.9 0.4 14.4 0.4 6.1 0.3 12.0 0.3 13.9 0.3 6.9 0.2 12.1 0.5 14.7 0.2

350 355 1 7.38 3.0 0.6 6.5 0.8 6.4 0.5 5.2 0.7 6.8 0.5 6.3 0.4 7.2 1.1 10.9 1.1 12.8 2.8 3.9 0.1 6.5 0.5 6.3 0.3 4.8 0.8 6.5 0.8 6.6 1.2 7.8 1.7 11.3 0.7 10.7 0.6

356 371 2 7.29 12.9 0.2 15.3 1.4 18.3 0.2 10.5 0.7 13.3 0.5 16.3 0.1 11.3 0.5 12.9 0.6 17.3 0.4 12.3 0.5 15.4 0.5 19.1 0.4 12.4 0.8 15.5 0.5 18.6 0.4 12.2 0.3 15.7 0.4 18.8 0.3

356 372 4 9.55 9.6 0.4 11.9 0.7 14.5 0.3 8.1 0.7 10.5 0.3 13.1 0.2 8.6 0.5 10.0 0.7 13.5 0.3 9.5 0.4 12.2 0.1 14.9 0.4 9.5 0.1 12.0 0.2 14.2 0.3 9.6 0.3 11.8 0.1 14.7 0.2

371 380 2 4.06 5.3 0.5 13.0 1.4 18.2 0.3 9.3 0.5 14.2 0.6 18.1 0.1 9.4 0.9 12.9 1.0 17.7 0.3 5.7 0.4 13.3 0.6 19.5 0.2 5.8 0.4 13.0 0.7 18.4 0.7 9.3 0.6 13.5 0.4 19.0 0.2

372 380 2 3.82 7.2 1.2 14.0 1.5 20.8 0.8 10.2 0.4 16.7 1.3 19.6 0.4 10.0 0.6 13.9 2.0 19.2 1.0 6.2 0.6 15.2 0.5 21.3 1.0 6.9 0.6 14.5 0.9 20.3 0.6 10.0 0.5 15.6 0.4 21.8 0.7

381 398 3 11.13 11.4 0.4 15.4 0.8 19.0 0.3 7.1 0.6 13.9 0.5 18.1 0.2 7.0 0.6 12.7 0.8 17.8 0.5 12.0 0.5 15.4 0.2 19.1 1.0 11.0 0.1 15.9 0.4 18.9 0.4 9.7 0.3 15.2 0.1 19.2 0.2

381 400 3 10.59 12.7 0.7 17.1 0.9 22.1 0.2 8.6 0.7 16.1 0.2 21.3 0.4 8.2 0.6 14.9 0.6 21.2 0.1 13.6 0.7 17.3 0.1 22.4 0.5 12.9 0.5 17.4 0.4 22.4 0.3 11.2 0.3 17.0 0.1 22.1 0.6

381 401 4 11.12 14.3 0.1 18.3 1.4 22.8 0.2 10.4 0.7 17.6 0.1 22.0 0.1 10.1 0.9 16.3 0.6 21.9 0.1 14.6 0.4 18.8 0.2 22.8 0.5 13.7 0.7 19.1 0.2 23.0 0.2 12.7 0.3 18.6 0.1 22.8 0.1

401 413 3 9.39 5.7 0.1 16.7 1.2 18.3 0.5 3.3 0.2 11.9 0.4 18.0 0.2 3.2 0.2 10.3 0.6 18.2 0.8 6.7 0.4 17.7 0.4 18.6 0.5 5.5 0.3 17.1 0.2 18.2 0.3 4.1 0.2 16.2 0.5 17.8 0.3

402 413 2 8.74 5.9 0.2 17.7 1.1 18.8 0.4 3.7 0.1 12.6 0.6 18.6 0.2 3.3 0.2 10.7 0.9 17.8 0.3 6.8 0.2 18.5 0.0 19.5 0.6 5.9 0.3 17.9 0.6 18.9 0.2 4.3 0.2 16.8 0.3 18.5 0.2

405 413 2 6.13 9.0 0.5 28.6 1.4 27.3 0.8 4.8 0.4 20.7 0.5 26.9 0.4 4.9 0.5 15.3 1.9 26.8 0.6 9.7 1.1 29.9 0.7 28.1 0.6 8.3 0.7 28.6 0.7 27.8 0.6 6.2 0.1 25.8 0.5 27.2 0.3

414 420 1 7.28 31.0 1.1 56.7 3.5 62.9 0.4 7.2 0.5 38.7 1.8 60.0 0.3 6.5 0.6 30.4 3.1 57.8 0.8 33.3 1.2 59.3 0.7 63.8 0.7 28.3 0.6 57.6 1.2 63.1 0.9 18.5 0.5 52.9 0.7 61.4 0.6

421 434 3 9.49 16.6 0.7 23.7 1.6 32.6 0.5 15.9 0.9 26.2 1.5 31.7 0.6 15.5 1.0 24.6 1.5 31.3 0.8 17.5 0.4 26.4 0.3 34.4 1.0 17.0 0.4 26.4 0.7 34.1 0.2 16.4 0.2 27.0 0.6 33.2 0.3

421 435 3 9.44 18.4 0.4 26.0 1.8 33.1 0.8 18.1 0.8 27.8 0.7 32.0 0.6 17.9 1.0 26.6 1.1 31.9 1.3 19.3 0.5 27.4 0.2 34.4 1.3 18.9 0.3 27.9 0.4 33.4 1.1 18.7 0.1 28.5 0.9 33.4 0.6

444 456 3 7.08 0.5 0.3 0.6 0.1 5.2 0.1 0.7 0.1 3.9 0.5 14.7 0.2 0.6 0.1 3.9 0.5 14.9 0.3 2.3 0.1 10.1 0.1 25.8 0.5 3.3 0.2 13.7 0.5 29.5 0.1 8.3 0.6 24.0 0.8 33.9 0.1

467 476 2 5.99 1.3 0.3 2.0 0.4 7.9 0.1 0.7 0.5 2.5 0.7 10.5 0.6 1.2 0.3 2.0 0.7 11.0 1.0 1.0 0.2 1.9 0.2 9.4 0.7 1.2 0.2 2.6 0.1 10.3 0.7 0.7 0.2 3.1 0.3 11.3 0.4

477 486 2 6.57 1.5 0.9 0.8 0.2 1.8 0.4 1.5 0.2 0.9 0.5 2.4 0.4 1.9 0.6 1.8 0.5 3.3 0.5 1.4 0.4 1.2 0.2 2.8 0.7 1.0 0.5 1.2 0.2 2.4 0.3 1.4 0.2 1.7 0.9 2.6 0.2

477 487 2 9.34 0.1 0.2 1.2 0.5 0.1 0.2 0.8 0.7 0.5 0.2 0.6 0.3 1.3 0.7 0.9 0.5 1.0 0.7 -0.6 0.2 -0.7 0.7 0.2 0.2 -0.6 0.3 -0.8 0.6 0.2 0.2 -0.3 0.3 -0.3 0.5 0.7 0.4

487 495 2 11.34 0.4 0.3 0.2 0.2 0.6 0.8 0.5 0.4 0.5 0.0 0.2 0.2 0.3 0.2 0.2 0.2 0.8 0.4 -0.2 0.2 0.0 0.1 -0.2 0.2 -0.4 0.2 -0.1 0.2 -0.1 0.2 -0.3 0.2 0.1 0.4 -0.3 0.3

499 507 2 4.06 14.6 1.4 33.6 2.3 51.2 0.6 13.3 1.0 35.9 1.6 52.0 1.2 12.1 1.0 31.8 1.1 51.8 1.1 14.7 0.2 35.8 0.3 53.6 0.5 13.2 0.3 35.7 0.4 53.6 1.7 12.6 0.3 34.7 0.1 52.5 0.5

508 537 5 9.17 3.6 0.5 10.5 0.3 18.6 0.2 2.9 0.2 10.9 0.3 18.7 0.1 3.1 0.5 10.2 0.9 19.3 0.8 3.5 0.3 11.1 0.2 19.8 0.7 3.3 0.1 11.1 0.5 19.3 0.9 3.0 0.0 11.1 0.4 18.8 0.4

521 537 4 7.19 1.1 0.1 3.8 0.6 11.4 0.4 0.7 0.3 4.1 0.3 10.9 0.2 0.9 0.1 3.6 0.1 12.6 3.1 0.8 0.0 4.1 0.1 12.2 0.3 0.8 0.2 3.9 0.1 11.9 0.2 0.7 0.1 3.8 0.2 11.0 0.3

538 555 4 7.44 0.4 0.2 0.7 0.2 6.9 0.1 0.1 0.3 1.0 0.1 6.9 0.3 0.0 0.1 0.8 0.6 7.0 0.2 0.1 0.2 0.9 0.1 8.2 0.6 0.0 0.2 1.1 0.1 8.6 0.2 0.1 0.0 1.0 0.1 7.7 0.1

556 570 4 7.98 0.4 0.1 0.5 0.2 3.8 0.1 0.4 0.5 1.3 0.3 6.7 0.1 0.3 0.4 1.3 0.2 6.8 0.5 0.5 0.1 1.2 0.2 6.1 0.4 0.3 0.1 1.9 0.3 8.3 0.2 0.5 0.2 2.9 0.3 12.8 0.2

557 570 2 7.46 0.1 0.1 1.3 0.4 3.9 0.5 0.6 0.1 1.4 0.1 6.6 0.9 -0.1 0.3 1.1 0.3 6.2 0.3 -0.4 0.2 0.8 0.1 5.5 1.2 -0.1 0.2 1.6 0.1 8.3 0.8 -0.1 0.3 2.3 0.2 11.5 0.3

571 581 3 7.43 0.1 0.1 0.2 0.1 2.4 0.2 0.1 0.2 0.5 0.1 4.1 0.2 0.1 0.1 0.5 0.1 4.7 0.1 0.2 0.0 1.0 0.1 6.6 0.1 0.4 0.1 2.5 0.2 14.0 0.1 0.8 0.0 7.6 0.3 30.7 0.1

582 596 3 7.3 12.4 0.4 30.7 1.4 39.1 0.6 12.8 0.7 35.8 0.4 40.3 0.5 12.6 1.0 32.6 2.9 40.1 0.5 # # # # # # # # # # # # # # # # # #

582 606 4 9.86 14.4 0.5 26.5 1.7 34.0 0.8 14.0 1.0 29.9 0.6 34.9 0.1 14.2 1.0 27.9 2.0 35.4 0.5 # # # # # # # # # # # # # # # # # #

610 636 4 6.65 11.6 0.5 18.1 1.3 21.5 0.2 7.7 0.5 13.6 0.3 15.0 0.4 7.6 0.5 13.0 0.6 15.3 0.5 # # # # # # # # # # # # # # # # # #

610 637 4 7.59 10.1 0.2 16.7 0.9 22.4 0.2 6.5 0.4 11.7 0.1 13.2 0.3 6.3 0.8 11.1 0.5 13.4 0.2 # # # # # # # # # # # # # # # # # #

610 646 5 8.24 8.3 0.4 12.9 0.7 18.7 0.3 5.5 0.3 9.3 0.2 11.4 0.2 5.6 0.6 8.8 0.6 11.5 0.2 # # # # # # # # # # # # # # # # # #

647 656 2 3.86 32.8 0.7 38.1 3.0 43.4 0.2 20.0 0.7 27.7 0.3 35.6 0.1 20.3 0.9 25.8 0.8 34.0 0.4 # # # # # # # # # # # # # # # # # #

647 658 2 5.49 22.4 0.6 31.3 1.1 36.3 1.3 13.8 1.0 19.2 1.5 25.1 0.4 13.5 0.5 18.3 1.4 25.0 1.3 # # # # # # # # # # # # # # # # # #

648 657 2 4.64 30.3 1.0 39.8 4.3 46.0 0.3 18.5 1.1 25.3 0.3 32.7 1.1 18.2 1.3 23.1 2.7 32.4 0.7 # # # # # # # # # # # # # # # # # #

661 680 3 7.58 11.3 0.4 18.1 1.1 26.0 0.2 7.3 0.3 14.1 0.3 19.0 0.2 6.9 0.4 13.1 0.8 18.7 0.2 # # # # # # # # # # # # # # # # # #

661 687 4 10.67 12.8 0.4 23.5 1.6 30.4 0.2 9.0 0.5 18.0 0.4 24.9 0.1 8.7 0.6 16.4 0.7 24.6 0.1 # # # # # # # # # # # # # # # # # #

681 687 1 10.97 31.2 1.1 48.8 3.2 55.5 0.6 24.8 1.3 45.2 1.2 55.8 0.2 23.1 1.8 40.2 2.3 53.7 0.8 # # # # # # # # # # # # # # # # # #

692 696 1 8.99 1.2 0.2 1.1 0.2 1.9 0.3 1.0 0.4 1.1 0.1 1.4 0.3 0.8 0.1 1.1 0.0 1.3 0.4 # # # # # # # # # # # # # # # # # #

694 703 1 8.67 2.0 0.2 5.6 1.2 10.2 0.5 1.6 0.2 3.5 0.5 3.4 0.3 1.7 0.0 3.3 0.3 4.4 0.3 # # # # # # # # # # # # # # # # # #

697 703 1 5.28 5.9 0.5 11.7 0.9 23.4 0.6 3.8 0.7 8.2 0.3 10.1 0.1 3.6 0.0 8.2 1.0 9.9 0.1 # # # # # # # # # # # # # # # # # #

704 710 1 5.47 12.2 0.6 19.3 1.2 25.4 0.3 0.5 0.0 2.6 0.2 10.4 0.5 0.5 0.2 2.3 0.5 9.3 0.2 # # # # # # # # # # # # # # # # # #

704 711 2 4.36 15.5 1.1 26.3 1.5 31.8 0.3 2.6 0.4 10.2 0.8 19.1 0.9 2.8 0.6 10.1 0.8 19.0 0.8 # # # # # # # # # # # # # # # # # #

705 712 2 4.43 15.4 1.0 26.2 1.5 31.9 0.3 2.5 0.3 10.3 0.4 18.9 0.7 2.7 0.7 9.7 0.6 18.8 0.5 # # # # # # # # # # # # # # # # # #

711 719 1 11.32 0.9 0.1 1.5 0.1 9.7 0.6 0.9 0.1 1.8 0.0 7.4 0.3 0.7 0.0 1.9 0.0 6.9 0.0 # # # # # # # # # # # # # # # # # #
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Figure A1.8 cont.: All HDX p110 and p85 peptide data for experiments examining 

conformational changes in the C-terminal p85-iSH2 mutants in the basal, 1 uM 

PDGFR pY, and 20 uM PDGFR pY states. 

 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

7 14 2 9.14 2.6 0.2 3.6 1.0 6.5 0.5 2.7 0.9 3.4 1.0 6.4 0.4 2.7 0.6 3.7 0.8 7.0 1.1 3.1 1.2 3.4 0.5 7.0 0.6 2.7 0.2 3.4 0.6 8.1 0.4 3.4 0.6 4.5 0.5 7.4 0.8

9 13 1 6.42 1.4 0.2 2.7 1.1 9.3 1.8 2.3 1.4 1.8 1.7 9.0 1.6 0.5 0.4 2.9 1.2 8.2 2.4 1.3 1.7 3.8 0.6 11.3 0.5 1.3 1.3 3.2 0.6 12.1 3.3 2.1 1.9 2.4 0.3 10.4 0.6

12 21 3 4.65 14.8 0.7 28.7 0.8 30.6 1.0 15.0 0.3 28.1 1.3 30.1 0.6 14.0 1.0 28.5 0.7 30.4 0.6 18.1 1.1 29.9 1.0 30.6 0.1 17.6 0.9 30.2 0.8 30.9 0.3 17.1 0.5 29.8 0.5 31.4 0.8

22 30 1 13.02 -0.3 0.1 1.7 0.9 6.0 0.4 0.7 0.8 1.5 0.7 7.3 2.3 0.2 1.0 1.3 0.9 6.3 0.8 0.9 1.0 1.6 1.3 8.2 0.4 1.1 0.3 2.0 0.8 8.3 0.3 0.5 1.1 2.2 0.4 7.3 0.5

25 30 1 9.95 0.6 0.1 0.9 0.0 1.9 0.3 0.7 0.2 0.8 0.2 1.9 0.1 0.5 0.0 0.6 0.1 1.5 0.2 0.8 0.1 1.0 0.0 2.3 0.2 0.9 0.2 0.9 0.3 2.4 0.3 0.7 0.3 0.9 0.1 1.8 0.1

25 37 3 10.05 15.9 0.3 17.3 0.4 17.9 0.4 15.9 0.7 17.0 0.5 17.2 0.2 15.9 0.4 17.6 0.5 17.7 0.2 16.0 0.1 17.6 0.1 17.3 0.3 16.3 0.3 17.3 0.1 17.6 0.0 15.8 0.7 17.2 0.3 17.7 0.4

38 52 2 8.89 18.8 0.4 36.9 0.8 41.9 0.8 19.1 0.8 36.8 0.2 41.0 0.3 18.4 1.2 36.7 0.6 42.1 0.7 22.3 0.5 39.0 1.0 42.4 0.4 22.3 0.7 39.2 0.1 42.6 0.3 22.3 0.8 39.4 0.3 43.0 0.4

43 52 2 4.3 11.4 0.7 40.6 0.7 48.8 2.7 10.8 2.3 41.2 1.4 48.7 1.1 11.0 0.9 37.7 1.1 48.5 1.0 17.0 2.2 45.7 0.4 50.2 2.2 15.5 1.8 43.9 2.1 50.9 0.6 16.0 2.3 43.7 0.7 51.0 1.1

53 58 1 11.83 4.7 0.5 18.2 0.5 23.7 0.7 4.9 0.3 17.9 0.3 23.1 0.3 4.9 0.4 17.0 0.0 22.7 0.4 5.1 0.7 18.8 0.1 23.7 0.4 5.4 0.2 19.7 0.2 23.5 0.3 5.4 0.3 19.0 0.1 23.1 0.3

53 60 1 12.23 3.0 0.2 12.2 0.3 17.2 0.0 3.3 0.1 12.1 0.1 16.6 0.1 2.8 0.5 11.5 0.3 16.6 0.3 4.2 0.3 13.4 0.6 17.3 0.1 4.2 0.4 13.7 0.5 17.2 0.2 4.0 0.2 13.0 0.3 16.8 0.1

53 65 1 11.91 1.9 0.3 7.3 0.5 13.4 0.8 2.5 0.4 7.3 0.5 13.3 0.6 3.4 0.1 8.7 0.5 14.3 0.8 3.2 0.2 9.4 0.2 14.7 0.7 2.6 0.2 9.4 0.8 15.4 0.5 4.1 0.6 9.7 0.4 15.6 0.4

53 72 2 11.88 2.1 0.1 9.4 0.2 14.2 0.1 2.2 0.1 9.4 0.1 13.9 0.1 2.1 0.2 9.2 0.3 13.6 0.3 3.0 0.2 10.6 0.4 14.9 0.1 2.9 0.2 10.7 0.2 15.0 0.2 2.9 0.1 10.4 0.2 14.8 0.3

53 73 2 12.2 1.9 0.1 8.5 0.2 12.9 0.2 2.0 0.1 8.5 0.1 12.5 0.1 1.8 0.2 8.3 0.1 12.5 0.2 2.7 0.2 9.5 0.3 13.5 0.1 2.7 0.2 9.7 0.2 13.7 0.1 2.7 0.2 9.4 0.1 13.6 0.1

59 72 2 7.94 2.3 0.1 9.4 0.3 14.3 0.3 2.4 0.1 9.5 0.2 13.9 0.2 2.1 0.2 9.4 0.2 13.7 0.3 3.2 0.3 10.7 0.5 15.4 0.2 3.1 0.2 10.9 0.1 15.4 0.1 3.0 0.1 10.7 0.1 15.3 0.3

59 73 2 9.04 2.2 0.1 8.0 0.1 11.7 0.2 2.3 0.1 8.2 0.0 11.4 0.1 2.1 0.1 8.0 0.1 11.3 0.4 3.5 0.7 9.2 0.4 12.7 0.2 2.9 0.4 9.2 0.1 12.9 0.1 3.0 0.1 9.2 0.0 12.7 0.1

60 72 2 7.52 3.0 1.2 10.8 0.4 13.4 1.3 2.2 0.4 10.6 0.4 13.3 0.6 3.7 0.9 10.5 1.0 13.7 0.8 4.3 1.0 12.7 0.3 15.0 0.5 3.7 0.7 11.9 0.6 15.0 0.6 3.6 0.2 11.0 0.9 14.3 0.5

61 72 2 7.43 2.5 0.2 10.4 0.4 12.9 0.2 2.6 0.2 10.6 0.2 12.8 0.0 2.9 0.1 11.4 0.1 13.7 0.4 3.6 0.5 11.5 0.4 13.4 0.2 3.4 0.3 11.9 0.1 13.2 0.2 4.0 0.1 12.6 0.2 14.0 0.1

66 73 2 8.54 2.0 0.1 9.4 0.5 10.5 0.8 2.3 0.9 9.2 0.2 10.5 0.1 3.1 0.8 9.4 0.5 11.1 0.5 3.6 1.0 9.8 0.4 10.6 0.8 3.1 0.3 10.1 0.1 10.6 0.1 3.4 0.4 10.8 0.2 11.3 0.3

73 106 5 6.66 38.2 0.1 43.7 0.3 45.0 0.4 38.5 0.9 43.4 0.4 43.6 0.4 38.4 1.1 43.0 0.6 44.8 0.5 39.3 0.1 43.8 0.4 45.2 0.2 39.5 0.7 44.1 0.1 45.0 0.6 38.9 1.0 44.1 0.3 45.3 0.4

74 106 5 6.31 39.8 0.3 45.2 0.7 46.4 0.4 40.3 0.9 45.0 0.3 45.2 0.3 39.6 1.3 44.8 0.4 46.4 0.3 40.8 0.6 45.5 0.3 46.7 0.3 41.2 0.6 45.8 0.3 46.6 0.3 40.7 0.8 45.9 0.2 47.1 0.3

77 106 5 5.87 44.0 0.3 47.9 0.5 48.3 0.3 44.1 1.1 47.0 0.7 46.8 0.4 43.7 1.4 47.8 0.3 48.1 0.6 46.5 0.7 48.5 0.2 48.6 0.5 46.0 1.0 48.2 0.4 48.6 0.3 45.3 1.3 48.0 0.7 48.7 0.2

77 107 5 5.57 44.7 0.3 48.2 0.5 48.5 0.3 45.3 0.6 48.0 0.4 47.3 0.4 44.9 0.7 48.5 0.2 47.9 0.3 46.0 0.3 48.0 0.6 48.8 0.5 46.3 0.5 48.4 0.4 48.8 0.3 46.0 1.1 48.6 0.3 48.7 0.3

107 112 1 4.73 54.8 1.7 56.8 1.1 57.8 1.2 54.3 2.8 57.0 2.5 57.2 1.6 54.2 1.6 57.5 0.6 58.3 0.6 56.1 0.7 57.2 1.1 57.1 1.0 55.1 0.5 57.4 0.5 58.4 1.1 55.3 1.4 57.4 1.1 58.3 0.9

108 118 2 12.09 35.4 0.3 47.8 0.1 54.3 0.3 35.6 1.0 47.3 0.4 53.0 0.8 34.4 1.1 46.8 0.3 52.2 0.7 36.4 0.4 48.6 0.8 53.8 0.3 36.8 0.8 49.1 0.2 53.9 0.4 35.7 0.9 48.0 0.1 53.3 0.1

113 118 1 12.06 8.4 0.4 35.1 0.6 53.4 0.3 8.6 0.4 35.2 0.4 52.1 0.7 7.5 0.8 33.7 0.7 50.7 0.9 11.7 0.9 39.9 1.2 53.7 0.5 11.8 0.8 40.0 0.7 53.6 0.3 10.8 0.5 38.3 0.2 51.9 0.4

119 132 1 12.93 4.8 0.2 16.3 0.2 23.4 0.2 5.0 0.3 16.6 0.2 22.8 0.4 4.4 0.5 15.8 0.2 22.3 0.5 6.4 0.4 17.1 0.5 24.3 0.1 6.5 0.3 17.7 0.2 24.2 0.2 6.1 0.3 17.1 0.1 23.7 0.2

133 137 1 7.44 0.5 0.3 1.0 0.1 1.1 0.5 1.4 0.3 0.9 0.3 1.1 0.3 0.7 0.2 1.1 0.3 1.1 0.3 0.7 0.4 0.6 0.4 1.1 0.6 0.9 0.3 0.8 0.2 1.0 0.1 1.3 0.2 1.0 0.2 1.5 0.1

133 138 1 7.8 1.5 0.3 1.9 0.2 2.5 0.6 1.8 0.2 2.1 0.1 1.7 0.2 1.9 0.4 1.6 0.3 2.2 0.5 1.8 0.3 1.4 0.4 2.0 0.4 1.9 0.5 1.7 0.2 1.9 0.4 1.9 0.3 1.9 0.5 1.9 0.7

138 146 1 5.76 8.1 0.5 20.9 0.8 35.1 0.4 8.4 0.3 20.4 0.5 32.6 0.8 7.6 0.6 20.4 1.0 33.0 0.5 9.2 0.3 23.1 1.2 33.7 1.1 9.1 1.1 23.5 0.3 34.2 0.6 9.3 0.3 23.0 0.2 33.0 0.6

149 158 2 6.66 36.2 0.6 40.4 0.4 45.5 0.5 36.4 0.9 40.2 0.4 43.9 0.5 36.4 1.5 40.6 1.3 45.4 0.8 37.9 0.2 41.3 1.1 46.5 0.4 38.1 0.6 41.6 0.4 46.6 0.5 38.3 0.9 42.2 0.5 47.4 0.4

149 160 2 6.38 30.6 1.0 40.7 0.8 46.2 1.0 32.8 1.1 42.1 1.4 46.1 1.0 32.9 1.3 44.1 1.4 49.5 1.3 33.9 0.8 42.7 1.7 48.5 2.0 35.6 1.1 42.7 0.3 48.6 1.4 35.8 1.5 45.7 0.5 49.6 1.4

150 158 2 5.98 44.4 0.3 48.9 0.8 49.1 0.5 45.4 1.3 48.4 0.1 47.0 0.4 44.3 0.9 48.3 0.8 48.6 0.5 47.0 0.4 49.4 0.5 49.9 0.0 47.1 0.6 49.6 0.1 49.8 0.5 46.8 1.0 49.6 0.5 50.4 0.2

150 160 2 5.52 38.4 0.6 48.5 0.6 49.7 0.7 39.4 1.0 47.9 0.1 48.6 0.2 38.3 0.9 48.7 0.7 50.3 0.3 41.3 0.3 49.0 0.7 50.6 0.1 41.7 0.8 49.1 0.4 50.1 0.3 41.7 0.8 50.0 0.7 51.0 0.3

162 167 1 8.69 12.5 0.2 18.3 0.4 30.9 0.9 12.2 0.3 19.0 0.5 29.9 0.8 12.2 0.3 18.3 0.9 29.1 0.5 14.6 1.3 21.9 0.5 34.1 0.0 13.1 0.2 21.8 0.2 34.3 0.4 12.6 0.5 21.2 0.2 33.9 0.5

162 173 2 9.14 27.4 0.1 32.2 0.4 36.7 0.7 27.9 0.5 32.2 0.5 36.0 0.1 27.3 0.7 31.3 0.1 34.8 0.4 29.1 0.5 33.3 0.6 38.4 0.0 28.8 0.4 33.6 0.2 38.7 0.1 28.2 0.5 33.4 0.2 37.3 0.7

166 173 1 6.17 47.2 1.1 51.6 0.6 51.3 1.1 46.9 1.8 51.0 1.1 49.7 0.2 45.7 1.6 50.7 0.8 51.3 0.6 49.1 1.2 50.9 0.4 51.8 0.7 48.9 0.6 50.3 0.9 51.7 0.1 47.2 0.7 52.0 1.0 51.0 0.8

168 173 1 5.01 56.6 0.6 60.2 0.4 60.7 0.6 57.6 1.5 60.5 0.2 59.7 0.7 56.3 1.4 60.5 0.9 60.5 0.4 57.9 0.1 60.1 0.7 60.9 0.5 58.2 0.9 60.2 0.1 61.1 0.5 57.3 1.3 60.2 0.5 60.9 0.5

168 174 1 9.04 50.8 0.2 56.5 1.0 56.7 1.2 51.7 0.7 56.2 0.8 54.9 1.1 51.1 0.9 55.1 0.3 55.5 0.8 52.8 0.5 55.8 0.7 56.7 0.3 52.5 0.5 55.6 0.6 56.3 0.5 51.4 0.8 55.7 1.1 56.5 0.6

177 186 2 12.28 4.6 0.2 7.1 0.2 8.3 0.2 4.7 0.1 6.9 0.1 7.8 0.3 4.4 0.4 7.2 0.4 8.2 0.3 5.6 0.4 7.2 0.1 8.0 0.1 5.3 0.2 7.2 0.1 8.1 0.1 5.4 0.1 7.2 0.4 8.5 0.1

180 202 4 13.55 4.8 0.6 6.4 0.4 7.2 0.6 4.6 0.2 6.7 0.5 7.1 0.2 4.0 0.4 6.3 0.3 7.3 0.1 4.9 0.2 6.3 0.3 7.4 0.3 4.7 0.8 5.9 0.5 7.3 0.6 5.0 0.3 6.1 0.3 7.0 0.2

186 202 3 12.12 6.6 0.1 9.7 0.1 10.6 0.2 6.7 0.2 9.8 0.1 10.4 0.1 6.3 0.3 9.6 0.1 10.4 0.2 7.3 0.1 9.5 0.1 10.9 0.1 7.3 0.2 9.6 0.1 11.0 0.0 7.1 0.2 9.6 0.1 10.9 0.1

186 203 3 12.67 6.2 0.3 9.1 0.1 10.3 0.0 6.4 0.1 9.1 0.3 10.1 0.3 6.1 0.6 9.1 0.1 9.9 0.3 7.1 0.4 8.9 0.3 10.3 0.1 7.0 0.2 8.9 0.3 10.5 0.1 6.9 0.4 8.6 0.1 10.4 0.2

187 202 2 11.78 7.0 0.2 10.4 0.1 11.3 0.0 7.1 0.4 10.5 0.3 11.1 0.1 7.0 0.6 10.5 0.1 11.0 0.3 8.4 0.1 10.3 0.3 11.7 0.3 7.9 0.3 10.3 0.1 11.7 0.1 7.7 0.2 10.1 0.2 11.4 0.0

207 214 1 8.96 29.0 0.6 61.1 2.4 62.9 0.6 30.2 2.6 59.4 1.2 63.6 1.0 27.1 3.5 57.3 2.1 63.0 1.6 36.0 1.6 62.3 1.3 63.0 1.9 34.3 1.9 59.9 3.5 62.2 0.7 33.9 1.6 60.2 2.4 63.2 1.7

207 218 1 8.87 30.3 0.2 50.9 0.6 51.6 0.9 30.9 1.0 50.7 0.2 50.8 0.3 29.4 1.7 50.4 0.5 51.4 0.5 34.4 0.9 51.4 1.0 51.8 0.4 34.6 1.1 51.6 0.1 51.7 0.4 34.0 1.2 51.4 0.4 52.1 0.4

207 219 1 10.14 27.9 0.4 45.9 0.6 50.3 0.5 28.9 0.7 45.6 0.5 49.2 1.1 26.8 1.4 44.6 1.0 49.3 1.0 31.8 1.1 47.6 0.9 49.8 0.2 32.1 0.8 47.6 0.3 50.5 0.5 30.7 1.1 46.1 0.9 48.9 0.7

220 237 3 10.57 3.2 0.4 3.6 0.3 7.2 0.6 3.4 0.2 3.1 0.4 6.9 0.1 3.5 0.3 3.6 0.4 6.6 0.4 3.3 0.7 3.2 0.2 8.0 0.4 2.8 0.0 3.5 0.2 8.4 0.6 2.7 0.2 3.9 0.3 8.0 0.1

223 237 3 9.04 4.7 0.1 5.3 0.1 8.8 0.5 4.7 0.2 5.6 0.1 8.4 0.3 5.0 0.2 5.5 0.3 8.5 0.4 5.0 0.1 5.9 0.1 10.0 0.2 4.9 0.1 6.0 0.2 10.3 0.2 5.2 0.0 6.1 0.1 10.3 0.1

238 259 5 13.77 2.8 0.0 6.0 0.4 9.2 0.1 3.1 0.2 6.1 0.1 8.9 0.3 3.0 0.3 6.3 0.6 8.9 0.4 3.7 0.1 6.8 0.3 9.5 0.1 3.6 0.1 7.0 0.2 9.7 0.1 3.7 0.3 7.1 0.3 9.8 0.2

238 261 2 13.89 6.5 0.4 9.5 0.5 12.8 0.5 6.5 0.5 9.1 0.3 12.7 0.5 6.5 0.6 9.7 0.3 12.4 0.3 6.8 0.5 10.5 0.3 13.3 0.1 7.2 0.7 10.6 0.6 13.7 0.4 7.3 0.6 10.3 0.2 13.2 0.6

242 261 4 10.57 8.3 0.1 12.4 0.3 16.2 0.1 8.4 0.5 12.1 0.2 16.0 0.2 8.4 0.5 12.8 0.3 16.5 0.1 9.1 0.3 13.3 0.3 16.6 0.2 9.2 0.2 13.4 0.1 17.1 0.1 9.2 0.2 13.7 0.1 17.4 0.2

262 272 2 13.4 0.3 0.0 0.7 0.0 3.6 0.1 0.3 0.0 0.8 0.0 3.4 0.1 0.3 0.0 0.8 0.0 3.2 0.1 0.5 0.1 1.0 0.1 4.3 0.0 0.4 0.0 1.0 0.1 4.4 0.0 0.5 0.1 0.9 0.1 4.3 0.1

264 272 1 13.89 1.7 0.5 2.0 1.1 5.7 0.6 0.7 1.3 1.7 0.4 4.4 0.4 1.3 0.1 2.6 0.6 4.9 0.5 1.2 2.1 0.6 1.2 5.9 0.1 -0.6 0.3 1.2 0.3 5.7 0.3 0.2 0.3 1.4 0.6 6.0 0.7

265 272 1 13.13 2.0 0.6 2.8 2.9 6.1 1.1 0.1 1.4 1.9 1.7 5.7 0.2 0.6 0.6 1.9 2.3 4.9 0.1 2.4 0.4 4.7 1.2 8.4 0.3 2.4 0.3 4.7 1.3 9.2 1.4 2.3 1.4 3.5 1.1 7.4 1.9

267 272 1 12.58 0.6 0.1 2.0 0.2 9.9 0.3 0.6 0.2 2.0 0.1 9.4 0.2 0.7 0.2 1.7 0.1 8.6 0.1 0.9 0.6 2.3 0.1 12.1 0.2 0.5 0.2 2.3 0.1 12.3 0.1 0.5 0.1 2.2 0.1 11.7 0.2

273 285 2 8.06 37.7 1.8 41.5 1.6 42.6 0.6 36.5 1.9 40.1 0.5 42.4 0.5 37.0 0.9 40.1 0.9 43.5 1.3 38.2 0.4 41.8 0.7 44.7 1.0 37.7 0.5 41.5 0.3 43.8 0.9 37.6 1.0 42.2 0.5 44.8 1.2

273 286 2 9.65 28.3 0.1 32.2 0.3 38.4 0.5 28.7 0.9 32.2 0.3 38.5 0.5 30.1 1.1 34.1 0.5 40.9 0.6 29.8 1.1 33.6 0.3 38.7 0.1 29.6 0.4 34.5 0.2 39.6 0.1 31.0 0.8 36.3 0.6 41.9 0.4

278 286 1 6.48 36.0 0.3 39.4 0.7 46.8 0.2 36.8 1.6 40.4 1.1 45.4 0.5 37.0 0.7 38.9 1.2 46.0 0.5 36.1 1.0 41.4 1.4 47.1 0.6 37.7 0.5 42.8 0.3 46.5 0.9 37.9 1.7 41.1 0.9 47.8 0.6

282 286 1 6.13 36.6 0.8 43.4 0.2 59.8 2.0 37.2 1.5 44.5 0.9 58.7 0.9 35.2 0.5 43.4 0.7 60.6 1.1 37.9 1.8 47.7 1.1 59.8 0.4 38.2 0.4 48.9 2.3 61.3 0.3 38.7 3.0 47.1 2.0 60.6 1.1

287 291 1 6.63 0.2 0.2 0.6 0.1 2.2 0.8 0.4 0.3 0.7 0.3 2.2 0.8 0.3 0.2 1.1 0.4 2.2 0.9 0.4 0.4 1.2 0.4 2.7 0.4 0.3 0.4 0.8 0.3 3.0 0.5 0.5 0.2 1.3 0.8 2.3 0.2

294 326 3 8.4 52.7 0.2 56.9 0.4 56.2 1.2 53.0 1.1 56.8 0.6 55.7 0.3 52.9 1.8 56.1 0.2 56.2 0.9 52.7 0.5 56.0 0.3 55.9 0.8 52.9 0.3 55.8 0.3 55.9 0.5 52.4 1.4 55.9 0.5 56.1 0.4

294 328 4 9.29 51.9 0.1 56.2 0.2 55.4 0.7 52.6 1.0 55.6 0.3 55.1 0.1 52.6 1.6 55.7 0.3 55.7 0.8 52.5 0.4 55.1 0.2 55.5 0.4 52.8 0.5 55.4 0.3 55.5 0.2 52.1 1.1 55.5 0.2 55.8 0.5

297 325 4 7.5 53.8 0.6 57.2 0.6 56.4 0.7 54.6 0.6 57.0 0.7 56.0 0.8 54.9 1.5 56.4 1.1 56.3 1.3 54.0 0.9 56.3 0.4 57.4 0.8 54.7 0.5 56.3 0.9 56.6 0.4 54.1 1.3 56.3 0.4 56.8 0.5

329 333 1 9.39 17.1 0.4 23.2 0.1 30.5 0.4 17.3 0.4 23.3 0.7 30.3 0.6 17.2 0.4 23.4 0.6 31.1 1.0 17.9 0.3 26.0 0.6 31.0 0.3 18.0 0.2 26.5 0.2 31.2 0.6 17.9 0.5 25.7 0.7 31.2 0.4

333 341 2 12.33 13.0 0.2 26.7 0.2 38.1 0.4 13.3 0.5 25.9 0.2 36.8 0.6 13.3 0.4 21.9 0.5 34.6 0.7 15.5 0.5 30.0 0.5 39.1 0.1 15.4 0.6 29.8 0.2 39.3 0.3 15.0 0.5 28.2 0.5 38.3 0.3

334 341 2 9.65 16.6 0.4 30.2 0.4 41.4 0.4 17.2 0.6 29.3 0.3 40.3 0.7 16.9 0.8 25.4 0.5 37.7 0.8 19.7 0.5 33.7 0.7 42.8 0.2 19.5 0.4 34.1 0.4 43.0 0.4 19.1 0.5 32.3 0.3 42.0 0.5

342 355 2 8.08 5.1 0.4 11.3 0.2 16.6 0.6 5.2 0.3 11.7 0.3 15.9 0.4 5.4 0.4 11.5 0.4 16.1 0.4 7.0 0.3 12.8 0.3 18.0 0.3 7.0 0.4 12.8 0.2 18.4 0.3 7.3 0.4 12.7 0.3 18.7 0.3

346 355 2 6.92 5.5 0.3 12.4 0.7 15.1 0.1 5.8 0.2 12.1 0.2 14.1 0.2 6.5 0.5 11.8 0.6 14.7 0.7 8.0 0.4 12.8 0.5 16.3 0.4 7.8 0.4 12.9 0.2 16.4 0.8 8.6 0.6 13.0 0.3 17.0 0.5

350 355 1 7.38 2.8 0.6 6.3 1.0 6.1 0.8 4.1 0.3 6.5 0.3 6.5 0.5 9.2 1.3 10.4 0.1 9.8 0.3 5.4 1.7 6.2 0.3 6.6 0.6 4.1 1.1 6.6 0.5 7.1 0.6 6.8 0.8 9.4 1.1 11.1 0.3

356 371 2 7.29 12.4 0.1 15.4 0.5 18.9 1.0 11.9 1.0 15.2 0.4 18.7 0.0 11.5 0.1 14.7 1.1 18.9 0.4 13.5 0.7 17.0 0.1 19.4 0.2 13.1 0.3 17.2 0.6 19.5 0.9 13.6 0.6 17.1 0.4 20.1 0.3

356 372 4 9.55 9.6 0.2 12.5 0.3 14.8 0.2 9.3 0.4 11.9 0.3 14.6 0.1 9.2 0.4 11.2 0.2 14.7 0.3 10.7 0.7 13.6 0.2 15.5 0.3 10.3 0.2 13.8 0.1 15.6 0.0 10.4 0.3 13.7 0.0 16.2 0.2

371 380 2 4.06 5.2 0.3 13.5 0.5 19.3 1.0 6.8 0.2 13.2 0.7 18.6 0.6 8.7 0.7 13.9 0.6 18.7 0.4 7.9 0.3 14.8 0.5 22.7 0.3 7.8 0.4 15.2 0.5 22.8 0.2 10.1 0.2 15.2 0.2 23.0 0.4

372 380 2 3.82 5.5 1.0 15.6 0.9 21.4 1.0 7.5 0.2 14.8 0.7 20.8 0.9 10.0 0.8 15.8 0.8 20.6 0.1 8.8 0.1 16.9 0.8 24.9 0.3 8.6 0.3 16.8 0.5 25.3 0.5 10.8 0.6 16.9 0.6 25.4 0.7

381 398 3 11.13 11.7 0.5 16.1 0.3 19.4 0.2 11.1 0.5 15.6 0.2 18.9 0.3 8.3 0.6 14.8 0.6 19.0 0.4 12.7 0.2 17.4 0.1 20.0 0.3 12.5 0.2 17.1 0.2 20.3 0.2 11.9 0.3 17.0 0.1 20.1 0.1

381 400 3 10.59 13.2 0.2 17.8 0.2 22.5 0.1 12.6 0.5 17.3 0.3 22.1 0.3 10.0 0.5 16.7 0.7 22.1 0.2 14.1 0.4 19.1 0.2 22.4 0.2 13.7 0.3 19.0 0.1 23.1 0.3 13.1 0.3 18.8 0.3 22.9 0.3

381 401 4 11.12 14.3 0.0 19.3 0.0 23.0 0.2 13.7 0.3 18.9 0.1 22.8 0.2 11.3 0.8 18.4 0.3 22.8 0.3 15.6 0.0 20.3 0.3 23.1 0.2 15.5 0.4 20.3 0.1 23.4 0.1 14.8 0.4 20.1 0.2 23.5 0.3

401 413 3 9.39 5.5 0.3 17.6 0.6 18.6 0.5 5.4 0.2 17.0 0.3 18.0 0.2 3.5 0.4 14.9 0.4 18.0 0.5 8.0 1.3 17.7 0.5 18.6 0.4 7.1 0.5 17.9 0.4 18.9 0.2 6.6 0.7 17.4 0.5 18.7 0.4

402 413 2 8.74 6.3 0.4 18.4 0.6 19.1 0.4 5.6 0.4 18.1 0.2 18.8 0.4 3.8 0.3 15.7 0.5 18.5 0.6 7.8 0.5 18.8 0.6 19.5 0.1 7.5 0.5 18.7 0.3 19.5 0.1 6.5 0.4 18.0 0.5 19.0 0.3

405 413 2 6.13 8.5 0.7 29.7 0.4 28.0 0.2 8.1 0.4 28.9 0.7 27.3 0.1 5.5 0.1 25.1 0.8 27.5 0.4 11.7 1.0 28.9 1.1 28.8 0.0 11.2 0.9 29.3 0.5 28.8 0.8 9.5 0.6 28.9 0.3 28.5 0.4

414 420 1 7.28 31.2 0.7 60.3 1.0 64.0 0.3 26.6 1.1 58.4 0.1 62.2 0.5 12.3 1.4 50.8 1.6 61.9 1.2 35.3 1.0 60.5 1.2 64.4 0.3 33.8 1.1 60.6 0.4 64.2 0.8 28.0 1.0 58.4 0.3 63.1 0.4

421 434 3 9.49 16.8 0.3 25.2 0.3 33.6 0.6 16.3 0.8 25.4 1.0 32.4 0.8 15.7 1.0 26.2 0.5 32.8 0.9 18.9 0.2 28.4 1.4 33.2 0.9 18.2 0.4 28.0 0.5 34.1 0.7 18.1 0.5 27.5 1.2 34.1 0.1

421 435 3 9.44 18.8 0.5 27.2 0.0 34.2 0.7 18.6 0.5 27.4 1.1 32.9 1.4 18.0 1.2 27.6 0.8 33.3 1.4 20.4 0.6 29.3 0.9 35.0 0.3 20.5 0.4 30.1 0.2 35.0 0.4 20.3 0.6 30.5 0.1 35.0 0.2

444 456 3 7.08 0.3 0.1 0.9 0.1 5.9 0.3 0.3 0.2 1.5 0.3 7.9 0.2 0.7 0.4 3.3 0.2 13.8 0.2 0.4 0.3 1.8 0.3 8.0 0.3 0.3 0.1 1.8 0.3 8.8 0.3 0.7 0.2 3.4 0.3 13.2 0.2

467 476 2 5.99 0.5 0.0 1.9 0.5 8.4 0.6 0.4 0.8 2.5 0.3 8.9 0.2 0.7 0.5 2.0 0.8 10.0 0.8 1.6 0.6 2.7 0.4 11.5 0.6 1.0 0.3 3.0 0.1 11.5 0.3 0.9 0.1 3.6 0.5 12.8 1.0

477 486 2 6.57 1.1 0.6 1.3 0.3 2.6 0.9 1.1 0.5 1.8 0.1 2.3 0.2 1.6 0.5 1.7 0.5 2.4 1.4 1.5 0.6 2.4 0.3 2.8 0.5 1.9 0.4 1.8 0.3 2.9 0.4 1.0 0.8 1.9 0.5 3.8 0.5

477 487 2 9.34 0.5 0.1 0.3 0.3 0.4 0.4 0.4 0.3 0.6 0.4 0.9 0.3 1.1 0.3 0.1 0.5 0.8 0.3 0.3 0.6 0.4 0.5 0.7 0.4 0.0 0.6 0.6 0.8 0.3 0.4 0.2 0.2 0.7 0.8 1.5 0.3

487 495 2 11.34 0.5 0.6 0.4 0.5 0.3 0.4 0.3 0.3 0.2 0.1 0.3 0.2 0.4 0.7 -0.1 0.3 0.0 0.3 0.9 0.5 0.4 0.6 0.2 0.1 0.1 0.1 0.2 0.3 0.2 0.4 0.1 0.1 0.0 0.3 0.3 0.4

499 507 2 4.06 13.2 1.5 36.3 0.7 54.0 0.8 13.5 0.8 35.9 0.7 51.8 0.8 11.1 1.3 34.5 0.8 53.0 0.8 17.3 1.0 41.6 0.6 55.2 0.3 17.5 0.8 43.3 0.9 56.0 0.5 15.9 0.3 41.8 1.0 55.4 0.5

508 537 5 9.17 2.9 0.2 10.9 0.4 19.9 0.6 3.2 0.0 11.1 0.1 19.2 0.8 2.9 0.4 11.1 0.3 19.2 0.5 4.4 0.5 12.9 0.5 21.4 0.3 4.0 0.4 13.3 0.1 22.2 0.8 3.9 0.4 13.7 0.3 22.3 0.1

521 537 4 7.19 0.9 0.2 3.6 0.2 14.3 3.3 0.8 0.0 3.8 0.3 12.1 0.1 0.8 0.2 3.8 0.3 11.3 0.5 1.6 0.4 4.7 0.3 15.0 0.3 1.0 0.1 4.9 0.1 15.4 0.6 1.3 0.1 5.1 0.3 15.5 0.3

538 555 4 7.44 0.4 0.1 0.7 0.2 8.4 0.3 0.1 0.2 0.9 0.0 7.7 0.4 0.1 0.1 1.2 0.2 8.0 0.2 0.2 0.2 1.4 0.2 9.7 0.2 0.2 0.1 1.6 0.2 10.5 0.2 0.3 0.0 1.7 0.1 10.7 0.3

556 570 4 7.98 0.3 0.3 0.3 0.2 4.3 0.1 0.1 0.1 0.6 0.2 4.9 0.4 -0.1 0.2 0.9 0.3 5.9 0.5 0.1 0.4 0.8 0.3 5.2 0.0 0.3 0.1 1.4 0.3 6.0 0.7 0.3 0.2 1.2 0.3 7.9 2.1

557 570 2 7.46 0.3 0.4 0.8 0.1 4.2 0.4 0.0 0.2 1.0 0.1 5.1 0.7 -0.1 0.2 0.9 0.1 5.3 0.3 0.0 0.3 1.4 0.4 5.1 0.1 0.1 0.3 1.2 0.1 6.4 0.2 -0.2 0.2 1.2 0.1 6.8 0.4

571 581 3 7.43 0.1 0.1 0.3 0.1 2.8 0.2 0.1 0.1 0.5 0.1 3.1 0.1 0.1 0.1 0.6 0.3 4.5 0.4 0.3 0.4 0.5 0.1 3.2 0.1 0.1 0.1 0.6 0.2 3.5 0.2 0.1 0.0 0.7 0.1 4.6 0.2

582 596 3 7.3 13.7 1.1 32.8 0.5 40.3 0.8 12.8 0.7 33.8 0.4 39.5 0.1 12.5 0.7 33.8 0.7 40.1 1.0 20.0 1.5 37.3 1.6 40.7 0.4 19.6 1.2 37.5 0.3 40.4 1.0 19.4 1.0 37.5 0.4 41.0 0.1

582 606 4 9.86 14.5 0.0 28.4 0.4 34.5 0.4 14.9 0.6 28.2 0.4 34.6 0.3 15.1 0.7 29.6 1.2 35.7 0.6 # # # # # # # # # # # # # # # # # #

610 636 4 6.65 7.6 0.3 13.4 1.0 18.1 0.3 7.5 0.5 13.0 0.2 16.5 0.2 6.6 0.2 12.5 0.4 15.9 0.3 # # # # # # # # # # # # # # # # # #

610 637 4 7.59 6.1 0.3 11.1 0.4 16.1 0.3 6.0 0.4 10.9 0.1 15.3 0.3 5.5 0.3 10.4 0.3 14.2 0.5 # # # # # # # # # # # # # # # # # #

610 646 5 8.24 5.6 0.1 9.3 0.0 14.2 0.6 5.6 0.3 9.4 0.1 13.7 0.2 5.2 0.3 8.8 0.3 12.7 0.4 # # # # # # # # # # # # # # # # # #

647 656 2 3.86 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

647 658 2 5.49 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

648 657 2 4.64 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

661 680 3 7.58 10.6 0.3 19.9 0.4 28.2 0.4 10.1 0.5 19.4 0.1 26.9 0.3 8.1 0.4 17.9 0.3 25.0 0.7 # # # # # # # # # # # # # # # # # #

661 687 4 10.67 12.5 0.2 25.5 0.2 31.9 0.2 12.2 0.4 24.8 0.2 31.2 0.3 9.6 0.6 22.7 0.5 29.8 0.4 # # # # # # # # # # # # # # # # # #

681 687 1 10.97 31.8 0.4 53.4 0.2 56.5 0.2 31.0 0.8 52.4 0.2 56.0 0.5 24.6 1.6 48.3 1.0 55.0 0.9 # # # # # # # # # # # # # # # # # #

692 696 1 8.99 0.8 0.3 1.1 0.8 1.1 0.3 0.8 0.6 0.7 0.1 1.0 0.3 1.1 0.4 1.3 0.5 1.0 0.2 # # # # # # # # # # # # # # # # # #

694 703 1 8.67 2.1 0.3 6.3 0.6 9.0 0.7 2.2 0.6 5.5 0.3 9.0 0.8 1.5 0.1 4.9 0.1 9.6 0.3 # # # # # # # # # # # # # # # # # #

697 703 1 5.28 6.1 0.3 15.9 0.9 25.3 0.9 5.5 0.7 15.2 0.9 23.3 1.6 4.3 0.5 12.5 1.0 22.4 0.6 # # # # # # # # # # # # # # # # # #

704 710 1 5.47 13.1 0.3 24.3 0.3 26.2 0.7 12.4 0.4 23.7 0.4 25.2 0.3 7.6 0.5 20.2 1.0 25.6 0.2 # # # # # # # # # # # # # # # # # #

704 711 2 4.36 18.1 1.0 31.2 0.1 32.5 1.6 17.2 0.3 29.9 0.9 31.9 0.7 10.5 0.9 28.9 1.0 32.0 0.5 # # # # # # # # # # # # # # # # # #

705 712 2 4.43 18.0 1.1 30.9 0.3 32.2 1.5 16.9 0.5 30.0 0.8 31.8 0.7 10.3 1.0 28.6 0.9 31.9 0.3 # # # # # # # # # # # # # # # # # #

711 719 1 11.32 0.8 0.1 1.9 0.5 8.0 0.2 0.7 0.1 1.6 0.1 7.6 0.2 0.7 0.1 1.6 0.2 6.3 0.1 # # # # # # # # # # # # # # # # # #

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

647 656 1 8.33 22.3 0.2 30.9 0.3 31.6 0.8 22.5 0.7 30.7 0.4 30.7 0.6 21.1 0.9 29.1 0.8 31.1 0.6

647 657 1 9.51 17.1 0.5 27.9 0.2 30.0 0.7 17.2 0.3 27.1 0.6 29.3 0.3 14.7 0.7 23.7 0.8 28.2 0.8

648 656 2 6.07 30.6 0.5 42.0 0.4 42.7 0.3 30.4 1.0 41.5 0.3 41.6 0.8 28.4 0.7 39.2 0.7 42.4 0.7
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Figure 47: HDX differences in C-terminal p85-iSH2 mutants and under different 

concentrations of PDGFR pY (basal or 0 uM, 1 uM, and 20 uM PDGFR pY). 

Differences in exchange at all time points for a selected set of peptides (some overlapping 

peptides have been removed, but all data can be found in Fig. 40) that undergo decreases 

(positive values) / increases (negative values) in exchange between WT and p85-Q572* 

mutant are shown. The specific conditions being compared are labelled above the selected 

columns. Increases/decreases greater than 0.5 Da and 7% are coloured according to the 

legend. 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

100 116 4 6.82 -0.2 1.1 -4.8 1.5 -6.7 0.6 -0.6 1.5 1.4 2.9 0.0 2.1 -0.8 1.5 -3.4 3.4 -6.7 2.0 0.2 0.4 -1.5 0.7 -1.4 1.8 -0.7 0.2 -3.3 1.0 -5.4 1.4 -0.5 0.5 -4.8 0.8 -6.8 2.5 >	8%	

100 119 5 9.8 -0.1 0.9 -3.7 1.0 -5.8 0.5 -0.5 1.3 0.5 1.7 -0.4 1.6 -0.6 1.2 -3.3 1.9 -6.2 1.7 0.0 0.5 -1.5 0.4 -1.1 1.6 -0.7 0.3 -3.0 0.7 -4.8 1.2 -0.7 0.6 -4.4 0.5 -5.9 1.8 >	4%

444 454 2 11.53 -1.1 1.0 -6.7 2.0 -0.4 0.4 0.1 1.4 1.3 2.1 0.0 1.0 -1.0 1.4 -5.4 2.4 -0.4 0.9 0.0 0.5 -1.6 0.7 0.3 1.5 -1.5 0.5 -2.8 1.0 -0.1 1.1 -1.5 0.3 -4.5 0.6 0.2 1.7 -4%	-	4%

444 455 2 13.4 -3.0 1.1 -9.5 2.8 -0.6 0.6 0.5 1.6 1.9 3.4 0.7 1.4 -2.6 1.2 -7.7 3.8 0.1 1.4 -0.2 0.6 -1.9 0.7 0.5 1.5 -2.0 0.4 -4.4 0.7 0.4 0.9 -2.2 0.6 -6.3 0.6 0.9 1.4 >	-4%

444 473 3 13.96 -0.9 1.1 -5.3 1.5 -2.3 0.5 0.1 1.0 0.9 2.3 -0.1 1.8 -0.9 1.2 -4.4 2.2 -2.5 1.5 0.1 0.5 -1.2 0.2 0.7 1.4 -0.8 0.2 -2.1 0.4 -1.2 1.2 -0.7 0.5 -3.3 0.5 -0.5 2.1 >	-8%	

523 531 2 5.74 1.3 2.4 -2.0 3.9 -1.4 2.0 -0.1 1.0 2.1 4.7 -1.5 1.8 1.2 2.4 0.0 5.1 -2.9 2.0 1.2 1.7 -0.7 0.9 1.0 2.4 -0.3 3.2 0.8 0.6 -1.0 3.1 0.9 2.3 0.1 0.9 0.1 2.4

532 551 3 11.9 -4.1 0.9 -3.0 1.4 -0.6 0.9 -0.3 1.1 0.1 2.1 -0.7 0.8 -4.3 1.2 -2.9 1.9 -1.4 0.9 -0.5 1.2 -1.5 1.4 1.4 2.6 -1.9 1.2 -1.5 1.2 -0.6 2.4 -2.4 1.2 -3.1 1.3 0.8 3.4

543 551 1 9.97 -6.0 0.7 -4.0 1.8 -0.6 0.9 # # # # # # # # # # # # -0.9 1.1 -1.7 1.8 0.0 1.0 # # # # # # # # # # # #

714 735 4 10.68 1.1 2.9 0.6 1.9 -0.6 0.8 0.7 4.1 3.4 4.1 -0.3 0.4 1.7 3.2 4.0 4.0 -0.9 0.9 1.5 2.2 -1.2 1.5 0.1 1.9 1.2 0.9 0.6 1.4 0.6 0.5 2.7 2.7 -0.6 1.1 0.7 1.6

735 744 2 8.56 -0.1 1.2 1.0 3.4 0.2 1.9 0.6 1.0 4.8 2.2 3.1 4.0 0.5 0.8 5.8 4.1 3.3 2.9 0.4 1.6 0.0 1.9 3.0 4.3 0.7 1.0 3.6 2.2 1.9 3.7 1.1 1.0 3.7 1.8 4.9 5.1

1005 1013 1 11.85 -1.1 1.3 -2.2 2.1 -0.9 1.5 -2.3 1.4 -0.4 0.4 -4.7 2.3 -3.4 1.2 -2.5 1.8 -5.6 2.3 0.0 0.6 -0.4 1.4 0.2 2.1 -3.9 0.4 -3.3 3.0 -4.1 1.8 -3.9 0.6 -3.7 3.1 -3.9 2.8

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

100 116 4 6.82 -0.3 1.0 -0.7 0.6 0.6 0.5 0.2 1.2 -1.6 0.8 -4.3 1.4 -0.1 1.3 -2.4 0.8 -3.7 1.5 0.0 0.9 -0.4 1.1 -0.7 0.9 -0.3 1.2 -1.2 0.8 -2.3 0.9 -0.3 1.0 -1.6 1.3 -3.0 0.5

100 119 5 9.8 -0.1 0.6 -0.3 0.6 -0.3 0.5 -0.2 0.7 -2.0 0.8 -3.6 1.1 -0.2 0.7 -2.3 0.7 -3.8 1.1 0.2 0.6 -0.4 0.6 -1.1 0.8 -0.4 0.6 -1.2 0.7 -2.0 0.7 -0.3 0.7 -1.6 0.7 -3.1 0.8

444 454 2 11.53 -0.3 0.6 -1.0 1.0 0.3 0.3 -0.6 1.1 -3.1 0.9 -0.3 0.9 -1.0 0.8 -4.2 0.8 0.0 1.0 0.1 0.7 -0.5 1.0 -0.4 0.3 -0.6 0.7 -1.0 0.7 0.1 0.4 -0.5 1.0 -1.5 1.2 -0.3 0.2

444 455 2 13.4 -0.5 0.6 -1.9 0.6 0.7 0.7 -1.5 1.4 -4.7 0.8 -0.2 1.4 -2.1 1.0 -6.6 0.9 0.5 1.0 0.1 0.8 -0.7 0.9 -0.4 0.4 -1.3 0.6 -1.8 0.7 0.3 0.5 -1.2 0.8 -2.5 1.2 -0.1 0.6

444 473 3 13.96 -0.3 0.4 -0.9 0.3 0.5 0.8 -0.5 0.8 -2.8 0.4 -1.3 1.2 -0.8 0.7 -3.6 0.5 -0.8 1.3 0.2 0.6 -0.6 1.0 -0.5 0.8 -0.6 0.4 -1.1 0.7 -0.5 1.1 -0.4 0.5 -1.7 1.0 -1.0 0.9

523 531 2 5.74 0.8 3.2 -0.3 2.3 1.6 1.7 0.4 2.0 0.8 2.4 -0.5 3.0 1.2 3.2 0.5 2.1 1.2 2.2 5.4 3.6 -0.6 1.0 0.1 1.1 -0.1 1.7 -0.1 1.6 0.0 1.2 5.3 3.8 -0.7 1.6 0.1 0.7

532 551 3 11.9 -0.5 0.8 -1.5 1.8 1.1 2.0 -3.0 0.8 -1.6 1.6 -0.2 1.7 -3.5 0.6 -3.1 2.2 0.9 2.0 0.1 0.8 -0.9 1.0 -1.4 0.5 -2.3 0.6 -1.4 1.5 1.3 1.0 -2.2 1.1 -2.3 1.2 0.0 0.9

543 551 1 9.97 -0.7 0.7 -2.3 1.3 0.5 0.6 # # # # # # # # # # # # 0.4 0.6 -0.9 0.8 -0.6 0.8 # # # # # # # # # # # #

714 735 4 10.68 0.5 2.2 0.7 1.1 0.2 0.8 0.8 3.5 -0.5 1.2 0.0 1.2 1.3 3.3 0.3 1.1 0.2 0.8 0.2 1.5 0.3 1.3 -0.8 0.7 0.9 1.3 -0.5 0.8 0.3 0.6 1.1 1.6 -0.2 1.1 -0.5 0.6

735 744 2 8.56 -0.4 3.0 -1.0 3.7 1.2 3.4 0.8 2.3 5.8 2.6 2.8 4.0 0.4 1.3 4.8 1.8 4.0 3.8 1.5 1.5 -0.7 2.0 -1.9 2.3 0.0 1.1 2.6 1.4 2.6 3.5 1.4 1.2 1.9 2.5 0.7 4.1

1005 1013 1 11.85 -0.9 0.5 -0.8 0.8 0.4 1.0 -2.0 0.5 -2.6 2.2 -4.6 1.0 -2.9 0.4 -3.4 2.4 -4.2 1.4 0.3 1.4 -0.1 1.2 0.0 1.5 -1.4 0.9 -3.2 1.9 -3.4 1.2 -1.1 1.3 -3.2 1.7 -3.5 0.4

p85⍺	(R590*)	Basal	vs	20µM	pY

p110⍺ p85⍺	(R649W)	Basal	vs	1µM	pY p85⍺	(R649W)	1µM	pY	vs	20µM	pY p85⍺	(R649W)	Basal	vs	20µM	pY p85⍺	(E601*)	Basal	vs	1µM	pY p85⍺	(E601*)	1µM	pY	vs	20µM	pY p85⍺	(E601*)	Basal	vs	20µM	pY

p110⍺ WT	Basal	vs	1µM	pY WT	1µM	pY	vs	20µM	pY WT	Basal	vs	20µM	pY p85⍺	(R590*)	Basal	vs	1µM	pY p85⍺	(R590*)	1µM	pY	vs	20µM	pY

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

297 325 4 7.5 1.8 4.9 0.9 2.1 0.3 1.0 -0.4 4.2 3.2 1.8 0.0 1.3 1.4 2.8 4.1 3.9 0.2 1.1 -1.6 1.4 -0.7 2.5 0.9 1.7 1.8 0.9 1.1 2.1 0.5 1.6 0.2 2.2 0.4 2.3 1.4 0.5 >	8%	

333 341 2 12.33 -0.2 0.9 5.9 2.0 4.8 0.5 0.1 1.6 2.1 1.0 1.1 0.9 -0.2 1.2 8.0 2.5 5.9 0.8 0.7 1.0 0.4 0.8 0.7 1.5 -0.7 0.8 2.6 0.9 2.2 0.6 0.0 0.8 3.0 0.5 2.9 1.3 >	4%

334 341 2 9.65 -0.5 1.6 4.8 2.5 4.3 0.9 0.4 2.4 2.7 1.7 1.3 1.0 -0.1 1.8 7.5 3.3 5.7 1.1 0.4 1.1 0.2 1.2 1.2 1.2 -0.4 0.5 2.6 1.3 2.1 0.7 0.1 0.7 2.8 0.5 3.3 1.1 -4%	-	4%

350 355 1 7.38 -2.2 1.3 -0.3 1.3 0.1 0.9 -1.9 1.9 -4.1 1.6 -6.5 3.2 -4.1 1.7 -4.4 1.9 -6.4 3.3 -1.0 0.9 -0.1 1.3 -0.3 1.5 -2.9 2.5 -4.8 1.5 -4.1 1.8 -3.9 1.8 -4.8 1.2 -4.4 0.8 >	-4%

371 380 2 4.06 -4.0 1.0 -1.2 2.1 0.1 0.4 -0.1 1.3 1.3 1.7 0.4 0.3 -4.1 1.4 0.1 2.4 0.5 0.5 -0.1 0.9 0.3 1.3 1.0 1.0 -3.5 1.0 -0.5 1.1 -0.6 1.0 -3.6 1.0 -0.2 1.0 0.4 0.5 >	-8%	

372 380 2 3.82 -3.0 1.6 -2.7 2.9 1.2 1.3 0.2 0.9 2.8 3.3 0.4 1.5 -2.9 1.8 0.1 3.5 1.6 1.9 -0.8 1.2 0.7 1.4 1.0 1.6 -3.1 1.1 -1.1 1.3 -1.5 1.3 -3.9 1.0 -0.3 0.9 -0.5 1.7

381 398 3 11.13 4.2 0.9 1.5 1.4 1.0 0.5 0.2 1.2 1.2 1.4 0.2 0.7 4.4 0.9 2.7 1.7 1.2 0.8 1.0 0.6 -0.5 0.6 0.2 1.4 1.3 0.4 0.7 0.5 -0.3 0.6 2.3 0.8 0.3 0.3 -0.1 1.2

381 400 3 10.59 4.1 1.4 1.0 1.1 0.7 0.5 0.5 1.3 1.2 0.8 0.2 0.4 4.6 1.3 2.2 1.5 0.9 0.2 0.7 1.2 -0.1 0.4 0.0 0.8 1.7 0.8 0.4 0.5 0.2 0.9 2.4 0.9 0.3 0.2 0.2 1.1

381 401 4 11.12 3.9 0.9 0.7 1.5 0.8 0.3 0.3 1.6 1.4 0.7 0.0 0.2 4.3 1.0 2.1 2.0 0.9 0.2 0.8 1.1 -0.3 0.4 -0.2 0.7 1.0 1.0 0.5 0.2 0.2 0.3 1.9 0.7 0.3 0.3 0.0 0.6

401 413 3 9.39 2.4 0.3 4.8 1.6 0.3 0.7 0.2 0.4 1.6 1.0 -0.1 1.0 2.5 0.3 6.4 1.8 0.1 1.3 1.2 0.7 0.5 0.5 0.4 0.8 1.4 0.5 0.9 0.7 0.5 0.6 2.6 0.7 1.4 0.9 0.8 0.8

402 413 2 8.74 2.3 0.4 5.1 1.6 0.2 0.6 0.4 0.3 1.9 1.5 0.8 0.5 2.6 0.4 7.0 2.0 1.0 0.7 1.0 0.5 0.6 0.6 0.6 0.8 1.5 0.5 1.1 0.9 0.5 0.3 2.5 0.5 1.7 0.3 1.0 0.7

405 413 2 6.13 4.1 0.9 8.0 1.9 0.4 1.2 -0.1 1.0 5.3 2.4 0.1 1.0 4.1 1.0 13.3 3.3 0.5 1.4 1.4 1.7 1.3 1.4 0.2 1.2 2.0 0.7 2.8 1.2 0.6 0.9 3.4 1.1 4.1 1.1 0.9 0.9

414 420 1 7.28 23.8 1.5 18.0 5.3 2.9 0.6 0.7 1.0 8.3 4.8 2.2 1.0 24.5 1.6 26.3 6.6 5.1 1.1 5.0 1.8 1.7 1.9 0.7 1.6 9.8 1.1 4.7 1.8 1.7 1.4 14.8 1.7 6.4 1.4 2.5 1.3

444 456 3 7.08 -0.2 0.4 -3.2 0.6 -9.5 0.3 0.1 0.2 -0.1 1.0 -0.3 0.5 -0.1 0.3 -3.3 0.7 -9.7 0.5 -1.1 0.3 -3.6 0.5 -3.7 0.6 -4.9 0.7 -10.3 1.2 -4.3 0.2 -6.0 0.7 -13.9 0.9 -8.0 0.6

556 570 4 7.98 -0.1 0.6 -0.8 0.5 -2.9 0.3 0.1 0.9 0.0 0.5 -0.1 0.6 0.1 0.6 -0.7 0.4 -3.0 0.6 0.2 0.2 -0.7 0.5 -2.2 0.6 -0.2 0.3 -1.0 0.6 -4.5 0.4 0.0 0.2 -1.7 0.5 -6.7 0.6

557 570 2 7.46 -0.5 0.1 -0.1 0.5 -2.7 1.4 0.8 0.3 0.2 0.4 0.4 1.2 0.3 0.4 0.2 0.7 -2.3 0.7 -0.3 0.4 -0.8 0.3 -2.8 1.9 0.0 0.5 -0.7 0.4 -3.3 1.1 -0.3 0.5 -1.5 0.4 -6.1 1.5

571 581 3 7.43 0.0 0.3 -0.3 0.2 -1.7 0.3 0.0 0.3 0.0 0.2 -0.6 0.3 0.0 0.2 -0.3 0.2 -2.3 0.2 -0.2 0.2 -1.6 0.3 -7.3 0.3 -0.4 0.2 -5.1 0.5 -16.7 0.2 -0.6 0.1 -6.6 0.4 -24.0 0.2

582 596 3 7.3 -0.4 1.2 -5.1 1.8 -1.2 1.1 0.2 1.7 3.3 3.2 0.2 1.0 -0.2 1.4 -1.8 4.3 -1.0 1.0 # # # # # # # # # # # # # # # # # #

610 636 4 6.65 3.9 1.0 4.4 1.6 6.5 0.6 0.1 1.0 0.6 0.9 -0.3 0.9 4.0 1.0 5.1 1.9 6.2 0.7 # # # # # # # # # # # # # # # # # #

610 637 4 7.59 3.6 0.6 5.0 0.9 9.2 0.4 0.2 1.1 0.7 0.5 -0.2 0.5 3.8 1.0 5.6 1.3 9.0 0.4 # # # # # # # # # # # # # # # # # #

610 646 5 8.24 2.7 0.7 3.6 0.9 7.3 0.5 0.0 0.9 0.5 0.7 -0.1 0.4 2.7 0.9 4.1 1.3 7.2 0.5 # # # # # # # # # # # # # # # # # #

647 656 2 3.86 12.9 1.4 10.4 3.3 7.8 0.3 -0.3 1.6 1.9 1.1 1.5 0.5 12.6 1.6 12.3 3.8 9.4 0.6 # # # # # # # # # # # # # # # # # #

647 658 2 5.49 8.6 1.6 12.1 2.5 11.2 1.7 0.3 1.5 0.9 2.8 0.1 1.7 8.9 1.1 13.0 2.4 11.3 2.5 # # # # # # # # # # # # # # # # # #

648 657 2 4.64 11.8 2.1 14.5 4.6 13.4 1.3 0.3 2.4 2.2 3.0 0.3 1.8 12.1 2.3 16.6 7.0 13.7 1.0 # # # # # # # # # # # # # # # # # #

661 680 3 7.58 4.0 0.7 4.0 1.4 7.0 0.4 0.3 0.7 1.0 1.1 0.3 0.4 4.3 0.8 5.0 1.9 7.3 0.4 # # # # # # # # # # # # # # # # # #

661 687 4 10.67 3.8 0.9 5.5 2.0 5.5 0.3 0.3 1.1 1.6 1.1 0.3 0.3 4.1 1.0 7.1 2.3 5.8 0.3 # # # # # # # # # # # # # # # # # #

681 687 1 10.97 6.4 2.4 3.6 4.4 -0.3 0.8 1.7 3.1 5.0 3.4 2.1 1.0 8.0 2.9 8.6 5.5 1.7 1.4 # # # # # # # # # # # # # # # # # #

694 703 1 8.67 0.4 0.5 2.1 1.7 6.8 0.8 -0.1 0.3 0.2 0.9 -0.9 0.6 0.3 0.2 2.3 1.5 5.8 0.8 # # # # # # # # # # # # # # # # # #

697 703 1 5.28 2.1 1.2 3.5 1.2 13.3 0.6 0.2 0.7 0.1 1.2 0.3 0.2 2.3 0.5 3.6 1.9 13.6 0.7 # # # # # # # # # # # # # # # # # #

704 710 1 5.47 11.7 0.7 16.7 1.4 15.0 0.8 0.0 0.2 0.4 0.7 1.0 0.7 11.7 0.8 17.1 1.7 16.1 0.5 # # # # # # # # # # # # # # # # # #

704 711 2 4.36 12.9 1.5 16.0 2.4 12.7 1.2 -0.3 1.0 0.2 1.7 0.1 1.7 12.7 1.7 16.2 2.4 12.7 1.1 # # # # # # # # # # # # # # # # # #

705 712 2 4.43 12.9 1.3 15.9 2.0 13.0 1.0 -0.2 1.0 0.6 1.1 0.1 1.2 12.7 1.7 16.5 2.2 13.1 0.8 # # # # # # # # # # # # # # # # # #

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

297 325 4 7.5 -0.8 1.1 0.2 1.4 0.4 1.6 -0.2 2.0 0.6 1.8 -0.3 2.2 -1.1 2.0 0.8 1.7 0.1 2.1 -0.7 1.4 0.0 1.3 0.8 1.2 0.6 1.8 0.0 1.3 -0.2 0.8 -0.1 2.2 0.0 0.7 0.6 1.3

333 341 2 12.33 -0.3 0.7 0.8 0.5 1.3 1.0 0.0 1.0 3.9 0.7 2.2 1.3 -0.3 0.6 4.7 0.8 3.5 1.1 0.1 1.1 0.2 0.7 -0.2 0.4 0.4 1.1 1.6 0.7 1.0 0.6 0.5 1.0 1.8 1.0 0.8 0.4

334 341 2 9.65 -0.6 1.1 0.9 0.6 1.1 1.0 0.2 1.4 3.9 0.8 2.5 1.5 -0.3 1.2 4.8 0.9 3.6 1.1 0.2 1.0 -0.5 1.0 -0.2 0.6 0.4 1.0 1.9 0.6 1.0 0.9 0.6 1.1 1.4 0.9 0.7 0.7

350 355 1 7.38 -1.4 0.9 -0.2 1.2 -0.4 1.3 -5.0 1.7 -4.0 0.3 -3.3 0.9 -6.4 1.9 -4.2 1.0 -3.7 1.1 1.3 2.8 -0.3 0.8 -0.5 1.2 -2.7 1.9 -2.9 1.6 -4.0 0.9 -1.4 2.5 -3.2 1.4 -4.5 0.9

371 380 2 4.06 -1.7 0.5 0.2 1.2 0.6 1.6 -1.9 0.9 -0.6 1.2 -0.1 1.0 -3.6 1.0 -0.4 1.0 0.6 1.4 0.1 0.6 -0.4 1.1 -0.1 0.5 -2.4 0.6 0.0 0.8 -0.2 0.6 -2.2 0.5 -0.4 0.7 -0.3 0.7

372 380 2 3.82 -2.0 1.2 0.8 1.6 0.6 1.8 -2.6 1.1 -1.0 1.5 0.2 0.9 -4.5 1.8 -0.1 1.6 0.8 1.0 0.2 0.4 0.0 1.3 -0.4 0.8 -2.2 0.9 -0.1 1.1 -0.1 1.2 -2.0 0.7 -0.1 1.4 -0.5 1.1 >	8%	

381 398 3 11.13 0.6 1.0 0.6 0.4 0.5 0.5 2.8 1.2 0.7 0.8 -0.1 0.7 3.4 1.1 1.3 0.9 0.4 0.5 0.1 0.4 0.3 0.3 -0.3 0.6 0.6 0.4 0.1 0.4 0.2 0.3 0.8 0.4 0.4 0.3 0.0 0.4 >	4%

381 400 3 10.59 0.7 0.7 0.5 0.5 0.4 0.4 2.5 1.1 0.7 1.0 0.0 0.5 3.2 0.8 1.2 0.9 0.4 0.3 0.4 0.7 0.2 0.4 -0.7 0.5 0.7 0.6 0.1 0.4 0.2 0.6 1.1 0.7 0.3 0.5 -0.5 0.5 -4%	-	4%

381 401 4 11.12 0.6 0.3 0.4 0.1 0.2 0.3 2.4 1.1 0.5 0.3 0.0 0.4 3.0 0.9 0.9 0.3 0.2 0.4 0.1 0.4 0.1 0.5 -0.3 0.3 0.6 0.8 0.1 0.3 -0.1 0.4 0.8 0.5 0.2 0.5 -0.4 0.5 >	-4%

401 413 3 9.39 0.2 0.5 0.6 0.9 0.6 0.7 1.9 0.6 2.1 0.7 0.0 0.7 2.1 0.8 2.7 0.9 0.6 1.0 0.8 1.8 -0.2 0.9 -0.2 0.6 0.5 1.2 0.4 0.9 0.2 0.6 1.3 2.0 0.3 1.0 0.0 0.8 >	-8%	

402 413 2 8.74 0.6 0.7 0.3 0.7 0.3 0.8 1.9 0.6 2.5 0.7 0.3 1.0 2.5 0.6 2.7 1.1 0.6 1.0 0.3 1.0 0.1 0.9 0.0 0.2 1.0 0.9 0.7 0.8 0.5 0.4 1.3 1.0 0.7 1.1 0.5 0.4

405 413 2 6.13 0.5 1.1 0.9 1.1 0.7 0.3 2.5 0.5 3.8 1.5 -0.1 0.5 3.0 0.8 4.6 1.2 0.5 0.6 0.6 1.9 -0.4 1.5 0.0 0.8 1.7 1.5 0.4 0.7 0.3 1.2 2.3 1.5 0.0 1.3 0.3 0.4

414 420 1 7.28 4.6 1.8 1.9 1.1 1.8 0.8 14.3 2.5 7.6 1.7 0.3 1.7 18.9 2.1 9.5 2.5 2.1 1.5 1.5 2.1 0.0 1.6 0.2 1.1 5.8 2.2 2.2 0.7 1.1 1.1 7.3 2.0 2.1 1.5 1.3 0.7

444 456 3 7.08 0.0 0.4 -0.5 0.3 -2.0 0.5 -0.4 0.6 -1.8 0.4 -5.9 0.4 -0.4 0.6 -2.3 0.3 -7.9 0.5 0.1 0.4 0.1 0.6 -0.8 0.6 -0.4 0.2 -1.7 0.6 -4.3 0.5 -0.3 0.5 -1.6 0.6 -5.1 0.5

556 570 4 7.98 0.2 0.4 -0.3 0.4 -0.6 0.5 0.2 0.3 -0.3 0.5 -1.0 0.9 0.4 0.4 -0.6 0.5 -1.6 0.5 -0.2 0.5 -0.6 0.6 -0.9 0.8 0.0 0.4 0.1 0.6 -1.9 2.9 -0.2 0.7 -0.4 0.5 -2.8 2.2

557 570 2 7.46 0.3 0.6 -0.2 0.2 -0.9 1.2 0.2 0.4 0.0 0.3 -0.2 1.1 0.4 0.6 -0.1 0.2 -1.1 0.7 -0.1 0.6 0.1 0.5 -1.4 0.4 0.2 0.4 0.1 0.2 -0.4 0.7 0.1 0.4 0.2 0.5 -1.8 0.5

571 581 3 7.43 0.0 0.1 -0.2 0.2 -0.3 0.3 0.0 0.2 -0.1 0.3 -1.5 0.5 0.0 0.1 -0.3 0.4 -1.8 0.5 0.2 0.5 -0.1 0.2 -0.3 0.3 0.0 0.2 -0.1 0.3 -1.1 0.4 0.2 0.4 -0.2 0.1 -1.4 0.4

582 596 3 7.3 0.9 1.9 -1.0 0.9 0.8 0.9 0.3 1.4 0.0 1.1 -0.6 1.1 1.2 1.8 -1.0 1.3 0.2 1.8 0.4 2.7 -0.2 1.9 0.4 1.4 0.1 2.2 0.0 0.7 -0.7 1.1 0.6 2.5 -0.2 2.0 -0.3 0.5

610 636 4 6.65 0.0 0.8 0.4 1.2 1.6 0.5 0.9 0.7 0.5 0.6 0.6 0.5 0.9 0.5 0.9 1.4 2.2 0.6 # # # # # # # # # # # # # # # # # #

610 637 4 7.59 0.0 0.6 0.2 0.4 0.8 0.6 0.6 0.7 0.5 0.4 1.1 0.7 0.6 0.6 0.7 0.7 1.9 0.8 # # # # # # # # # # # # # # # # # #

610 646 5 8.24 0.0 0.4 0.0 0.1 0.5 0.8 0.4 0.6 0.5 0.4 1.0 0.6 0.5 0.5 0.5 0.3 1.5 1.0 # # # # # # # # # # # # # # # # # #

647 656 2 3.86 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

647 658 2 5.49 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

648 657 2 4.64 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

661 680 3 7.58 0.4 0.8 0.5 0.5 1.3 0.7 2.0 0.9 1.6 0.5 2.0 1.0 2.5 0.7 2.0 0.7 3.2 1.1 # # # # # # # # # # # # # # # # # #

661 687 4 10.67 0.3 0.5 0.7 0.4 0.7 0.5 2.6 1.0 2.1 0.7 1.4 0.7 2.9 0.8 2.8 0.6 2.0 0.5 # # # # # # # # # # # # # # # # # #

681 687 1 10.97 0.8 1.2 1.0 0.4 0.6 0.6 6.4 2.4 4.1 1.2 1.0 1.4 7.2 2.0 5.2 1.2 1.5 1.1 # # # # # # # # # # # # # # # # # #

694 703 1 8.67 -0.1 0.9 0.8 1.0 0.0 1.5 0.6 0.7 0.5 0.4 -0.6 1.1 0.5 0.4 1.3 0.7 -0.6 0.9 # # # # # # # # # # # # # # # # # #

697 703 1 5.28 0.6 1.0 0.8 1.8 2.0 2.5 1.2 1.2 2.7 1.9 0.9 2.2 1.8 0.9 3.5 1.9 2.9 1.5 # # # # # # # # # # # # # # # # # #

704 710 1 5.47 0.7 0.6 0.6 0.7 1.0 1.0 4.8 0.8 3.5 1.4 -0.4 0.5 5.5 0.7 4.1 1.2 0.6 1.0 # # # # # # # # # # # # # # # # # #

704 711 2 4.36 0.9 1.3 1.3 1.1 0.6 2.3 6.7 1.2 1.0 1.9 -0.1 1.2 7.5 1.9 2.3 1.1 0.5 2.0 # # # # # # # # # # # # # # # # # #

705 712 2 4.43 1.2 1.6 0.8 1.1 0.3 2.2 6.6 1.5 1.4 1.7 0.0 1.0 7.8 2.1 2.2 1.1 0.3 1.8 # # # # # # # # # # # # # # # # # #

p85⍺	(R590*)	Basal	vs	20µM	pY

p85⍺ p85⍺	(R649W)	Basal	vs	1µM	pY p85⍺	(R649W)	1µM	pY	vs	20µM	pY p85⍺	(R649W)	Basal	vs	20µM	pY p85⍺	(E601*)	Basal	vs	1µM	pY p85⍺	(E601*)	1µM	pY	vs	20µM	pY p85⍺	(E601*)	Basal	vs	20µM	pY

p85⍺ WT	Basal	vs	1µM	pY WT	1µM	pY	vs	20µM	pY WT	Basal	vs	20µM	pY p85⍺	(R590*)	Basal	vs	1µM	pY p85⍺	(R590*)	1µM	pY	vs	20µM	pY
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Figure A1.9 cont.: HDX differences in C-terminal p85-iSH2 mutants and under 

different concentrations of PDGFR pY (basal or 0 uM, 1 uM, and 20 uM PDGFR pY). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

297 325 4 7.5 1.8 4.9 0.9 2.1 0.3 1.0 -0.4 4.2 3.2 1.8 0.0 1.3 1.4 2.8 4.1 3.9 0.2 1.1 -1.6 1.4 -0.7 2.5 0.9 1.7 1.8 0.9 1.1 2.1 0.5 1.6 0.2 2.2 0.4 2.3 1.4 0.5 >	8%	

333 341 2 12.33 -0.2 0.9 5.9 2.0 4.8 0.5 0.1 1.6 2.1 1.0 1.1 0.9 -0.2 1.2 8.0 2.5 5.9 0.8 0.7 1.0 0.4 0.8 0.7 1.5 -0.7 0.8 2.6 0.9 2.2 0.6 0.0 0.8 3.0 0.5 2.9 1.3 >	4%

334 341 2 9.65 -0.5 1.6 4.8 2.5 4.3 0.9 0.4 2.4 2.7 1.7 1.3 1.0 -0.1 1.8 7.5 3.3 5.7 1.1 0.4 1.1 0.2 1.2 1.2 1.2 -0.4 0.5 2.6 1.3 2.1 0.7 0.1 0.7 2.8 0.5 3.3 1.1 -4%	-	4%

350 355 1 7.38 -2.2 1.3 -0.3 1.3 0.1 0.9 -1.9 1.9 -4.1 1.6 -6.5 3.2 -4.1 1.7 -4.4 1.9 -6.4 3.3 -1.0 0.9 -0.1 1.3 -0.3 1.5 -2.9 2.5 -4.8 1.5 -4.1 1.8 -3.9 1.8 -4.8 1.2 -4.4 0.8 >	-4%

371 380 2 4.06 -4.0 1.0 -1.2 2.1 0.1 0.4 -0.1 1.3 1.3 1.7 0.4 0.3 -4.1 1.4 0.1 2.4 0.5 0.5 -0.1 0.9 0.3 1.3 1.0 1.0 -3.5 1.0 -0.5 1.1 -0.6 1.0 -3.6 1.0 -0.2 1.0 0.4 0.5 >	-8%	

372 380 2 3.82 -3.0 1.6 -2.7 2.9 1.2 1.3 0.2 0.9 2.8 3.3 0.4 1.5 -2.9 1.8 0.1 3.5 1.6 1.9 -0.8 1.2 0.7 1.4 1.0 1.6 -3.1 1.1 -1.1 1.3 -1.5 1.3 -3.9 1.0 -0.3 0.9 -0.5 1.7

381 398 3 11.13 4.2 0.9 1.5 1.4 1.0 0.5 0.2 1.2 1.2 1.4 0.2 0.7 4.4 0.9 2.7 1.7 1.2 0.8 1.0 0.6 -0.5 0.6 0.2 1.4 1.3 0.4 0.7 0.5 -0.3 0.6 2.3 0.8 0.3 0.3 -0.1 1.2

381 400 3 10.59 4.1 1.4 1.0 1.1 0.7 0.5 0.5 1.3 1.2 0.8 0.2 0.4 4.6 1.3 2.2 1.5 0.9 0.2 0.7 1.2 -0.1 0.4 0.0 0.8 1.7 0.8 0.4 0.5 0.2 0.9 2.4 0.9 0.3 0.2 0.2 1.1

381 401 4 11.12 3.9 0.9 0.7 1.5 0.8 0.3 0.3 1.6 1.4 0.7 0.0 0.2 4.3 1.0 2.1 2.0 0.9 0.2 0.8 1.1 -0.3 0.4 -0.2 0.7 1.0 1.0 0.5 0.2 0.2 0.3 1.9 0.7 0.3 0.3 0.0 0.6

401 413 3 9.39 2.4 0.3 4.8 1.6 0.3 0.7 0.2 0.4 1.6 1.0 -0.1 1.0 2.5 0.3 6.4 1.8 0.1 1.3 1.2 0.7 0.5 0.5 0.4 0.8 1.4 0.5 0.9 0.7 0.5 0.6 2.6 0.7 1.4 0.9 0.8 0.8

402 413 2 8.74 2.3 0.4 5.1 1.6 0.2 0.6 0.4 0.3 1.9 1.5 0.8 0.5 2.6 0.4 7.0 2.0 1.0 0.7 1.0 0.5 0.6 0.6 0.6 0.8 1.5 0.5 1.1 0.9 0.5 0.3 2.5 0.5 1.7 0.3 1.0 0.7

405 413 2 6.13 4.1 0.9 8.0 1.9 0.4 1.2 -0.1 1.0 5.3 2.4 0.1 1.0 4.1 1.0 13.3 3.3 0.5 1.4 1.4 1.7 1.3 1.4 0.2 1.2 2.0 0.7 2.8 1.2 0.6 0.9 3.4 1.1 4.1 1.1 0.9 0.9

414 420 1 7.28 23.8 1.5 18.0 5.3 2.9 0.6 0.7 1.0 8.3 4.8 2.2 1.0 24.5 1.6 26.3 6.6 5.1 1.1 5.0 1.8 1.7 1.9 0.7 1.6 9.8 1.1 4.7 1.8 1.7 1.4 14.8 1.7 6.4 1.4 2.5 1.3

444 456 3 7.08 -0.2 0.4 -3.2 0.6 -9.5 0.3 0.1 0.2 -0.1 1.0 -0.3 0.5 -0.1 0.3 -3.3 0.7 -9.7 0.5 -1.1 0.3 -3.6 0.5 -3.7 0.6 -4.9 0.7 -10.3 1.2 -4.3 0.2 -6.0 0.7 -13.9 0.9 -8.0 0.6

556 570 4 7.98 -0.1 0.6 -0.8 0.5 -2.9 0.3 0.1 0.9 0.0 0.5 -0.1 0.6 0.1 0.6 -0.7 0.4 -3.0 0.6 0.2 0.2 -0.7 0.5 -2.2 0.6 -0.2 0.3 -1.0 0.6 -4.5 0.4 0.0 0.2 -1.7 0.5 -6.7 0.6

557 570 2 7.46 -0.5 0.1 -0.1 0.5 -2.7 1.4 0.8 0.3 0.2 0.4 0.4 1.2 0.3 0.4 0.2 0.7 -2.3 0.7 -0.3 0.4 -0.8 0.3 -2.8 1.9 0.0 0.5 -0.7 0.4 -3.3 1.1 -0.3 0.5 -1.5 0.4 -6.1 1.5

571 581 3 7.43 0.0 0.3 -0.3 0.2 -1.7 0.3 0.0 0.3 0.0 0.2 -0.6 0.3 0.0 0.2 -0.3 0.2 -2.3 0.2 -0.2 0.2 -1.6 0.3 -7.3 0.3 -0.4 0.2 -5.1 0.5 -16.7 0.2 -0.6 0.1 -6.6 0.4 -24.0 0.2

582 596 3 7.3 -0.4 1.2 -5.1 1.8 -1.2 1.1 0.2 1.7 3.3 3.2 0.2 1.0 -0.2 1.4 -1.8 4.3 -1.0 1.0 # # # # # # # # # # # # # # # # # #

610 636 4 6.65 3.9 1.0 4.4 1.6 6.5 0.6 0.1 1.0 0.6 0.9 -0.3 0.9 4.0 1.0 5.1 1.9 6.2 0.7 # # # # # # # # # # # # # # # # # #

610 637 4 7.59 3.6 0.6 5.0 0.9 9.2 0.4 0.2 1.1 0.7 0.5 -0.2 0.5 3.8 1.0 5.6 1.3 9.0 0.4 # # # # # # # # # # # # # # # # # #

610 646 5 8.24 2.7 0.7 3.6 0.9 7.3 0.5 0.0 0.9 0.5 0.7 -0.1 0.4 2.7 0.9 4.1 1.3 7.2 0.5 # # # # # # # # # # # # # # # # # #

647 656 2 3.86 12.9 1.4 10.4 3.3 7.8 0.3 -0.3 1.6 1.9 1.1 1.5 0.5 12.6 1.6 12.3 3.8 9.4 0.6 # # # # # # # # # # # # # # # # # #

647 658 2 5.49 8.6 1.6 12.1 2.5 11.2 1.7 0.3 1.5 0.9 2.8 0.1 1.7 8.9 1.1 13.0 2.4 11.3 2.5 # # # # # # # # # # # # # # # # # #

648 657 2 4.64 11.8 2.1 14.5 4.6 13.4 1.3 0.3 2.4 2.2 3.0 0.3 1.8 12.1 2.3 16.6 7.0 13.7 1.0 # # # # # # # # # # # # # # # # # #

661 680 3 7.58 4.0 0.7 4.0 1.4 7.0 0.4 0.3 0.7 1.0 1.1 0.3 0.4 4.3 0.8 5.0 1.9 7.3 0.4 # # # # # # # # # # # # # # # # # #

661 687 4 10.67 3.8 0.9 5.5 2.0 5.5 0.3 0.3 1.1 1.6 1.1 0.3 0.3 4.1 1.0 7.1 2.3 5.8 0.3 # # # # # # # # # # # # # # # # # #

681 687 1 10.97 6.4 2.4 3.6 4.4 -0.3 0.8 1.7 3.1 5.0 3.4 2.1 1.0 8.0 2.9 8.6 5.5 1.7 1.4 # # # # # # # # # # # # # # # # # #

694 703 1 8.67 0.4 0.5 2.1 1.7 6.8 0.8 -0.1 0.3 0.2 0.9 -0.9 0.6 0.3 0.2 2.3 1.5 5.8 0.8 # # # # # # # # # # # # # # # # # #

697 703 1 5.28 2.1 1.2 3.5 1.2 13.3 0.6 0.2 0.7 0.1 1.2 0.3 0.2 2.3 0.5 3.6 1.9 13.6 0.7 # # # # # # # # # # # # # # # # # #

704 710 1 5.47 11.7 0.7 16.7 1.4 15.0 0.8 0.0 0.2 0.4 0.7 1.0 0.7 11.7 0.8 17.1 1.7 16.1 0.5 # # # # # # # # # # # # # # # # # #

704 711 2 4.36 12.9 1.5 16.0 2.4 12.7 1.2 -0.3 1.0 0.2 1.7 0.1 1.7 12.7 1.7 16.2 2.4 12.7 1.1 # # # # # # # # # # # # # # # # # #

705 712 2 4.43 12.9 1.3 15.9 2.0 13.0 1.0 -0.2 1.0 0.6 1.1 0.1 1.2 12.7 1.7 16.5 2.2 13.1 0.8 # # # # # # # # # # # # # # # # # #

S E Z RT 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD 3 SD 30 SD 300 SD

297 325 4 7.5 -0.8 1.1 0.2 1.4 0.4 1.6 -0.2 2.0 0.6 1.8 -0.3 2.2 -1.1 2.0 0.8 1.7 0.1 2.1 -0.7 1.4 0.0 1.3 0.8 1.2 0.6 1.8 0.0 1.3 -0.2 0.8 -0.1 2.2 0.0 0.7 0.6 1.3

333 341 2 12.33 -0.3 0.7 0.8 0.5 1.3 1.0 0.0 1.0 3.9 0.7 2.2 1.3 -0.3 0.6 4.7 0.8 3.5 1.1 0.1 1.1 0.2 0.7 -0.2 0.4 0.4 1.1 1.6 0.7 1.0 0.6 0.5 1.0 1.8 1.0 0.8 0.4

334 341 2 9.65 -0.6 1.1 0.9 0.6 1.1 1.0 0.2 1.4 3.9 0.8 2.5 1.5 -0.3 1.2 4.8 0.9 3.6 1.1 0.2 1.0 -0.5 1.0 -0.2 0.6 0.4 1.0 1.9 0.6 1.0 0.9 0.6 1.1 1.4 0.9 0.7 0.7

350 355 1 7.38 -1.4 0.9 -0.2 1.2 -0.4 1.3 -5.0 1.7 -4.0 0.3 -3.3 0.9 -6.4 1.9 -4.2 1.0 -3.7 1.1 1.3 2.8 -0.3 0.8 -0.5 1.2 -2.7 1.9 -2.9 1.6 -4.0 0.9 -1.4 2.5 -3.2 1.4 -4.5 0.9

371 380 2 4.06 -1.7 0.5 0.2 1.2 0.6 1.6 -1.9 0.9 -0.6 1.2 -0.1 1.0 -3.6 1.0 -0.4 1.0 0.6 1.4 0.1 0.6 -0.4 1.1 -0.1 0.5 -2.4 0.6 0.0 0.8 -0.2 0.6 -2.2 0.5 -0.4 0.7 -0.3 0.7

372 380 2 3.82 -2.0 1.2 0.8 1.6 0.6 1.8 -2.6 1.1 -1.0 1.5 0.2 0.9 -4.5 1.8 -0.1 1.6 0.8 1.0 0.2 0.4 0.0 1.3 -0.4 0.8 -2.2 0.9 -0.1 1.1 -0.1 1.2 -2.0 0.7 -0.1 1.4 -0.5 1.1 >	8%	

381 398 3 11.13 0.6 1.0 0.6 0.4 0.5 0.5 2.8 1.2 0.7 0.8 -0.1 0.7 3.4 1.1 1.3 0.9 0.4 0.5 0.1 0.4 0.3 0.3 -0.3 0.6 0.6 0.4 0.1 0.4 0.2 0.3 0.8 0.4 0.4 0.3 0.0 0.4 >	4%

381 400 3 10.59 0.7 0.7 0.5 0.5 0.4 0.4 2.5 1.1 0.7 1.0 0.0 0.5 3.2 0.8 1.2 0.9 0.4 0.3 0.4 0.7 0.2 0.4 -0.7 0.5 0.7 0.6 0.1 0.4 0.2 0.6 1.1 0.7 0.3 0.5 -0.5 0.5 -4%	-	4%

381 401 4 11.12 0.6 0.3 0.4 0.1 0.2 0.3 2.4 1.1 0.5 0.3 0.0 0.4 3.0 0.9 0.9 0.3 0.2 0.4 0.1 0.4 0.1 0.5 -0.3 0.3 0.6 0.8 0.1 0.3 -0.1 0.4 0.8 0.5 0.2 0.5 -0.4 0.5 >	-4%

401 413 3 9.39 0.2 0.5 0.6 0.9 0.6 0.7 1.9 0.6 2.1 0.7 0.0 0.7 2.1 0.8 2.7 0.9 0.6 1.0 0.8 1.8 -0.2 0.9 -0.2 0.6 0.5 1.2 0.4 0.9 0.2 0.6 1.3 2.0 0.3 1.0 0.0 0.8 >	-8%	

402 413 2 8.74 0.6 0.7 0.3 0.7 0.3 0.8 1.9 0.6 2.5 0.7 0.3 1.0 2.5 0.6 2.7 1.1 0.6 1.0 0.3 1.0 0.1 0.9 0.0 0.2 1.0 0.9 0.7 0.8 0.5 0.4 1.3 1.0 0.7 1.1 0.5 0.4

405 413 2 6.13 0.5 1.1 0.9 1.1 0.7 0.3 2.5 0.5 3.8 1.5 -0.1 0.5 3.0 0.8 4.6 1.2 0.5 0.6 0.6 1.9 -0.4 1.5 0.0 0.8 1.7 1.5 0.4 0.7 0.3 1.2 2.3 1.5 0.0 1.3 0.3 0.4

414 420 1 7.28 4.6 1.8 1.9 1.1 1.8 0.8 14.3 2.5 7.6 1.7 0.3 1.7 18.9 2.1 9.5 2.5 2.1 1.5 1.5 2.1 0.0 1.6 0.2 1.1 5.8 2.2 2.2 0.7 1.1 1.1 7.3 2.0 2.1 1.5 1.3 0.7

444 456 3 7.08 0.0 0.4 -0.5 0.3 -2.0 0.5 -0.4 0.6 -1.8 0.4 -5.9 0.4 -0.4 0.6 -2.3 0.3 -7.9 0.5 0.1 0.4 0.1 0.6 -0.8 0.6 -0.4 0.2 -1.7 0.6 -4.3 0.5 -0.3 0.5 -1.6 0.6 -5.1 0.5

556 570 4 7.98 0.2 0.4 -0.3 0.4 -0.6 0.5 0.2 0.3 -0.3 0.5 -1.0 0.9 0.4 0.4 -0.6 0.5 -1.6 0.5 -0.2 0.5 -0.6 0.6 -0.9 0.8 0.0 0.4 0.1 0.6 -1.9 2.9 -0.2 0.7 -0.4 0.5 -2.8 2.2

557 570 2 7.46 0.3 0.6 -0.2 0.2 -0.9 1.2 0.2 0.4 0.0 0.3 -0.2 1.1 0.4 0.6 -0.1 0.2 -1.1 0.7 -0.1 0.6 0.1 0.5 -1.4 0.4 0.2 0.4 0.1 0.2 -0.4 0.7 0.1 0.4 0.2 0.5 -1.8 0.5

571 581 3 7.43 0.0 0.1 -0.2 0.2 -0.3 0.3 0.0 0.2 -0.1 0.3 -1.5 0.5 0.0 0.1 -0.3 0.4 -1.8 0.5 0.2 0.5 -0.1 0.2 -0.3 0.3 0.0 0.2 -0.1 0.3 -1.1 0.4 0.2 0.4 -0.2 0.1 -1.4 0.4

582 596 3 7.3 0.9 1.9 -1.0 0.9 0.8 0.9 0.3 1.4 0.0 1.1 -0.6 1.1 1.2 1.8 -1.0 1.3 0.2 1.8 0.4 2.7 -0.2 1.9 0.4 1.4 0.1 2.2 0.0 0.7 -0.7 1.1 0.6 2.5 -0.2 2.0 -0.3 0.5

610 636 4 6.65 0.0 0.8 0.4 1.2 1.6 0.5 0.9 0.7 0.5 0.6 0.6 0.5 0.9 0.5 0.9 1.4 2.2 0.6 # # # # # # # # # # # # # # # # # #

610 637 4 7.59 0.0 0.6 0.2 0.4 0.8 0.6 0.6 0.7 0.5 0.4 1.1 0.7 0.6 0.6 0.7 0.7 1.9 0.8 # # # # # # # # # # # # # # # # # #

610 646 5 8.24 0.0 0.4 0.0 0.1 0.5 0.8 0.4 0.6 0.5 0.4 1.0 0.6 0.5 0.5 0.5 0.3 1.5 1.0 # # # # # # # # # # # # # # # # # #

647 656 2 3.86 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

647 658 2 5.49 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

648 657 2 4.64 # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #

661 680 3 7.58 0.4 0.8 0.5 0.5 1.3 0.7 2.0 0.9 1.6 0.5 2.0 1.0 2.5 0.7 2.0 0.7 3.2 1.1 # # # # # # # # # # # # # # # # # #

661 687 4 10.67 0.3 0.5 0.7 0.4 0.7 0.5 2.6 1.0 2.1 0.7 1.4 0.7 2.9 0.8 2.8 0.6 2.0 0.5 # # # # # # # # # # # # # # # # # #

681 687 1 10.97 0.8 1.2 1.0 0.4 0.6 0.6 6.4 2.4 4.1 1.2 1.0 1.4 7.2 2.0 5.2 1.2 1.5 1.1 # # # # # # # # # # # # # # # # # #

694 703 1 8.67 -0.1 0.9 0.8 1.0 0.0 1.5 0.6 0.7 0.5 0.4 -0.6 1.1 0.5 0.4 1.3 0.7 -0.6 0.9 # # # # # # # # # # # # # # # # # #

697 703 1 5.28 0.6 1.0 0.8 1.8 2.0 2.5 1.2 1.2 2.7 1.9 0.9 2.2 1.8 0.9 3.5 1.9 2.9 1.5 # # # # # # # # # # # # # # # # # #

704 710 1 5.47 0.7 0.6 0.6 0.7 1.0 1.0 4.8 0.8 3.5 1.4 -0.4 0.5 5.5 0.7 4.1 1.2 0.6 1.0 # # # # # # # # # # # # # # # # # #

704 711 2 4.36 0.9 1.3 1.3 1.1 0.6 2.3 6.7 1.2 1.0 1.9 -0.1 1.2 7.5 1.9 2.3 1.1 0.5 2.0 # # # # # # # # # # # # # # # # # #

705 712 2 4.43 1.2 1.6 0.8 1.1 0.3 2.2 6.6 1.5 1.4 1.7 0.0 1.0 7.8 2.1 2.2 1.1 0.3 1.8 # # # # # # # # # # # # # # # # # #

p85⍺	(R590*)	Basal	vs	20µM	pY

p85⍺ p85⍺	(R649W)	Basal	vs	1µM	pY p85⍺	(R649W)	1µM	pY	vs	20µM	pY p85⍺	(R649W)	Basal	vs	20µM	pY p85⍺	(E601*)	Basal	vs	1µM	pY p85⍺	(E601*)	1µM	pY	vs	20µM	pY p85⍺	(E601*)	Basal	vs	20µM	pY

p85⍺ WT	Basal	vs	1µM	pY WT	1µM	pY	vs	20µM	pY WT	Basal	vs	20µM	pY p85⍺	(R590*)	Basal	vs	1µM	pY p85⍺	(R590*)	1µM	pY	vs	20µM	pY
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A.2 Supplementary Tables 

 

Table 1: Mutations in PIK3CD, PIK3R1, PIK3R2, and PIK3CA that lead to APDS, 

SHORT, Agammaglobulinemia, and Overgrowth syndromes. 

 

PROS = PIK3CA Related Overgrowth Syndromes; Dominant = refers to the expected 

inheritance. Mutations also occur de novo. # = mixture of possible inheritance. Mutations 

are either de novo germline, postzygotic somatic mosaic, or inherited from a parent with 

germline mosaic mutation; * = nonsense mutation; del = deletion of nucleotides composing 

stated residue; G106_R108delinsI = deletion of 8 nucleotides, insertion of 2 nucleotides 
resulting in the loss of three amino acid residues in exchange for one (106GNR->106I) 
 

 

 

 

PIK3CD
Mutation 

Residue
Disease Inheritance Mutation Paper

81 APDS 1 Dominant E81K Takeda et al., 2017; Heurtier et al., 2017
124 APDS 1 Dominant G124D Takeda et al., 2017; Heurtier et al., 2018; Edwards et al., 2019
334 APDS 1 Dominant N334K Dulau Florea et al., 2017; Lucas et al., 2014a; Edwards et al., 2019
405 APDS 1 Dominant R405C Rae et al., 2017
416 APDS 1 Dominant C416R Crank et al., 2014
525 APDS 1 Dominant E525A Tsujita et al., 2016

525 APDS 1 Dominant E525K
Coulter et al., 2017; Dulau Florea et al., 2017; Lucas et al., 2014a; 

Teranishi et al., 2017; Tsujita et al., 2016; Edwards et al., 2019
929 APDS 1 Dominant R929C Wentink et al., 2017

1021 APDS 1 Dominant E1021K

 Angulo et al., 2013; Coulter et al., 2017; Crank et al., 2014; Dulau 

Florea et al., 2017; Hartman et al., 2016; Elgizouli et al., 2016; Liu et 

al., 2016; Lucas et al., 2014a; Pham & Cunningham-Rundles 2018; 

Saettini et al., 2017; Tang et al., 2017; Tsujita et al., 2016; Wentink 

et al., 2017; Edwards et al., 2019
1025 APDS 1 Dominant E1025G Dulau Florea et al., 2017
1025 APDS 1 Dominant E1025K Edwards et al., 2019

PIK3R1
Mutation 

Residue
Disease Inheritance Mutation Paper

298 Agammaglobulinemia Recessive W298* Conley et al., 2012
301 Agammaglobulinemia Recessive R301* Tang et al., 2017

434-475 APDS 2 Dominant del 434-475
Deau et al., 2015; Hauck et al., 2017; Kuhlen et al., 2016; Lucas et al., 

2014b; Petrovski et al., 2016; Sugiyama et al., 2017; Wentink et al., 

2017

434-475 APDS 2-SHORT Dominant del 434-475
Bravo Garcia-Morato et al., 2017; Petrovski et al., 2016; Sugiyama et 

al., 2017
489 SHORT Dominant E489K Thauvin-Robinet et al., 2013
564 APDS 2 Dominant N564K Wentink et al., 2017
631 SHORT Dominant R631Q Thauvin-Robinet et al., 2013

636-653* SHORT Dominant 653* (N636Tfs*18) Dyment et al., 2013
643-651* SHORT Dominant 651* (D643Dfs*8) Barcena et al., 2014

649 SHORT Dominant R649W
Bárcena et al., 2014; Chudasama et al., 2013; Dyment et al., 2013; 

Huang-Doran et al., 2016; Klatka et al., 2017; Schroeder et al., 2014; 

Thauvin-Robinet et al., 2013
539 SHORT Dominant I539del Thauvin-Robinet et al., 2013
653 SHORT Dominant K653* Klatka et al., 2017
657 SHORT Dominant Y657* Dyment et al., 2013; Huang-Doran et al., 2016
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Table A2.1 cont.: Mutations in PIK3CD, PIK3R1, PIK3R2, and PIK3CA that lead 

to APDS, SHORT, Agammaglobulinemia, and Overgrowth syndromes. 

 

PROS = PIK3CA Related Overgrowth Syndromes; Dominant = refers to the expected 

inheritance. Mutations also occur de novo. # = mixture of possible inheritance. Mutations 

are either de novo germline, postzygotic somatic mosaic, or inherited from a parent with 

germline mosaic mutation; * = nonsense mutation; del = deletion of nucleotides composing 

stated residue; G106_R108delinsI = deletion of 8 nucleotides, insertion of 2 nucleotides 
resulting in the loss of three amino acid residues in exchange for one (106GNR->106I) 

PIK3R2
Mutation 

Residue
Disease Inheritance Mutation Paper

373 Overgrowth Syndrome # G373R Mirzaa et al., 2015; Rivière et al., 2012
376 Overgrowth Syndrome # L376G Mirzaa et al., 2015
401 Overgrowth Syndrome De novo L401P Nakamura et al., 2013
557 Overgrowth Syndrome De novo D557H Terrone et al., 2016

PIK3CA
Mutation 

Residue
Disease Inheritance Mutation Paper

81 Overgrowth Syndrome # E81K Kuentz et al., 2017; Rivière et al., 2012
88 Overgrowth Syndrome # R88Q Rivière et al., 2012

104 Overgrowth Syndrome # P104L Kuentz et al., 2017
106 Overgrowth Syndrome # G106V Kuentz et al., 2017

106,108 Overgrowth Syndrome # G106_R108Idelins Kuentz et al., 2017
110 Overgrowth Syndrome # E110del Kuentz et al., 2017
115 Overgrowth Syndrome # R115P Kuentz et al., 2017
118 Overgrowth Syndrome # G118D Kuentz et al., 2017
364 Overgrowth Syndrome # R364R Kuentz et al., 2017; Rivière et al., 2012
365 Overgrowth Syndrome # E365K Kuentz et al., 2017; Rivière et al., 2012
378 Overgrowth Syndrome # C378Y Kuentz et al., 2017; Rivière et al., 2012
418 Overgrowth Syndrome # E418K Kuentz et al., 2017
420 Overgrowth Syndrome # C420R Kuentz et al., 2017
449 Overgrowth Syndrome # P449T Kuentz et al., 2017
452 Overgrowth Syndrome # E453K Kuentz et al., 2017
453 Overgrowth Syndrome # E453del Rivière et al., 2012
471 Overgrowth Syndrome # P471L Kuentz et al., 2017
542 Overgrowth Syndrome # E542K Kuentz et al., 2017
542 Overgrowth Syndrome # E542G Kuentz et al., 2017
544 Overgrowth Syndrome # T544N Jansen et al., 2015;
545 Overgrowth Syndrome # E545K Kuentz et al., 2017; Rivière et al., 2012
546 Overgrowth Syndrome # E546K Kuentz et al., 2017
546 Overgrowth Syndrome # E546R Kuentz et al., 2017
546 Overgrowth Syndrome # E546H Kuentz et al., 2017
726 Overgrowth Syndrome # E726K Kuentz et al., 2017; Rivière et al., 2012
901 Overgrowth Syndrome # C901F Kuentz et al., 2017
909 Overgrowth Syndrome # F909L Kuentz et al., 2017
914 Overgrowth Syndrome # G914A Kuentz et al., 2017
914 Overgrowth Syndrome # G914R Kuentz et al., 2017; Rivière et al., 2012
1021 Overgrowth Syndrome # Y1021C Kuentz et al., 2017; Rivière et al., 2012
1021 Overgrowth Syndrome # Y1021H Kuentz et al., 2017
1025 Overgrowth Syndrome # T1025N Kuentz et al., 2017
1025 Overgrowth Syndrome # T1025A Rivière et al., 2012
1035 Overgrowth Syndrome # A1035V Kuentz et al., 2017; Rivière et al., 2012
1043 Overgrowth Syndrome # M1043I Kuentz et al., 2017; Rivière et al., 2012
1043 Overgrowth Syndrome # M1043V Kuentz et al., 2017
1044 Overgrowth Syndrome # N1044K Kuentz et al., 2017
1047 Overgrowth Syndrome # H1047L Lindhurst et al., 2012
1047 Overgrowth Syndrome # H1047Q Kuentz et al., 2017
1047 Overgrowth Syndrome # H1047R Lindhurst et al., 2012
1047 Overgrowth Syndrome # H1047Y Kuentz et al., 2017; Rivière et al., 2012
1049 Overgrowth Syndrome # G1049S Rivière et al., 2012
1050 Overgrowth Syndrome # G1050S Kuentz et al., 2017
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