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ABSTRACT

Reversible protein phosphorylation, the best studied post-translational
modification, regulates most cellular processes, including signaling, migration, cell cycle
progression, DNA damage repair, stress response and modulaton of the activities of
metabolic enzymes. Therefore, it has emerged as a key therapeutic target in diseases
in which these processes are deregulated. Unlike kinases, protein phosphatase 1 (PP1)
is a promiscuous enzyme that gains its substrate specificity from a large group of
“regulatory subunits” with which it associates to form a range of holoenzyme complexes
targeted to specific subcellular localizations and substrates. Inhibition of a specific
dephosphorylation event therefore relies on targeting the regulatory rather than the
catalytic subunit. The present study uses GFP as a molecular reporter to assess the
localization of PP1c and identify the underlying binding events that govern it via a
combination of fluorescence imaging, cellular fractionation, affinity purification and
quantitative mass spectrometry.

While there is some overlap in their targeting and intracellular roles, the three
PP1 isoforms show distinct localizations based on relative preferences for particular
regulatory subunits. In this study we assembled a comprehensive map of isoform- and
compartment- specific phosphatase complexes in three different cultured human cell
lines, using the data to extrapolate, with confidence, the distribution of each PP1
isoform between a large pool of known/predicted and novel regulatory subunits.
Network analysis also highlighted key multiprotein complexes to which PP1 is targeted
by these regulatory subunits, and identified a novel regulatory subunit that links

phosphatase activity to regulation of protein degradation.
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Our work confirmed that Mypt1, the regulatory subunit that targets PP1 activity to
the myosin light chain, preferentially associates with the beta isoform of PP1c. We
further demonstrated that they are in complex in both the cytoplasm and nucleus, and
represent ~30% of the total PP1p holoenzyme complexes in both interaphase and
mitotic cells. Further investigation of these complexes led to the discovery of Specc1
and Specci1l, which associate with Mypt1/PP1p via direct binding to Mypt1. Specc1/1L
are microtubule binding proteins that can also associate with actin filaments, and we
demonstrated that they mediate the distribution of Mypt1/PP1 complexes between
these two cytoskeletal networks.  Given that disruption of this balance has been
implicated in disease states including cancer and hypertension, the Specc1/L family
represents a novel therapeutic target for the regulation of Mypt1/PP1 activity.

With PP1 now emerging as a promising therapeutic target and the first PP1-
targeted therapeutic drug, Sephin 1, in clinical trials, a better understanding of PP1’s in
vivo distribution between holoenzyme complexes is essential. Our work establishes an
initial “snapshot” of this distribution against which changes can be assessed, as we
demonstrated here by showing its re-distribution in mitotic cells. Dynamic redistributions
during specific cell processes such as differentiation or in response to perturbations or
disease states can be assessed in a similar fashion in future, facilitating both
identification of the relevant complexes and the design of specific strategies to target

them therapeutically.
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CHAPTER 1: Introduction
1.1 Reversible phosphorylation

Post-translational modifications can alter a protein’s function, leading to changes
in its subcellular behavior and a consequent physiological response. The concept of
protein phosphorylation, originally discovered by Edmond Fischer and Edwin Krebs,
arose from the observation that both ATP and a “converting enzyme” is needed to
convert phosphorylate b to phosphorylase a (Krebs & Fischer 1956; Krebs et al. 1958;
Sutherland & Wosilait 1955). More than one third of all eukaryotic cellular proteins
undergo reversible phosphorylation, the most common type of post-translational
modification in eukaryotic organisms, and are termed phosphoproteins. The
phosphorylation state of a protein is dependent on the external stimuli, and on the
activities of the protein kinases (add the phosphate group) and phosphatases (remove
the phosphate group) that act on a particular amino acid residue (Figure 1.1). The
addition of the negatively charged phosphate group to the phosphoprotein can result in
a conformational change, affect localization and protein binding, alter its activity, and
affect the turnover rates of its targets (Humphrey et al. 2015). As a result, reversible
phosphorylation is responsible for modulating a majority of molecular events within a
cell, including division, differentiation, signaling and metabolism.

The majority of phosphoproteins are covalently modified on the hydroxyl-
containing serine (ser), threonine (thr) and/or tyrosine (tyr) residues, forming stable
phosphoester bonds. Based on over 2000 phosphoproteins identified by mass
spectrometry (MS), Olsen et al. demonstrate that phosphoserine is the predominant

phosphorylated amino acid, accounting for 86.4% of phospho-events, while
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Figure 1.1. Reversible protein phosphorylation functions as a molecular switch.
The phosphorylation state of a protein is dependent on the external stimuli, and on the
activities of the protein kinase (adds the phosphate group) and phosphatase (removes
the phosphate group) that act on the residue of the phosphoprotein. Reproduced by
permission from Elseivier: [Trends in Endocrinology & Metabolism] (Humphrey et al.

2015), copyright (2015).



phosphothreonine and phosphotyrosine account for 11.8% and 1.8%, respectively
(Olsen et al. 2006). The standard biochemical and proteomic procedures used to detect
amino acids that form stable phosphoester bonds fail to preserve or detect other known
phosphorylated amino acids, such as phosphorylated histidine (pHis) residues. In 1962,
Boyer et al. discovered an enzyme intermediate of oxidative phosphorylation that was
pHis phosphorylated (Boyer et al. 1962). These phosphoproteins are covalently
modified on histidine’s imidazole nitrogen atoms, forming a high energy and unstable
phosphoramidate bond which is easily hydrolyzed when exposed to heat and low pH
(Fuhs & Hunter 2017; Attwood et al. 2007). Most studies have investigated the role of
pHis in the prokaryotic two-component signal transduction system and as a reactive
enzyme intermediate (Fuhs & Hunter 2017). Recently, with the availability of new
reagents (Fuhs et al. 2015) and a better appreciation of pHis in the regulation of protein
function, the role of pHis is now being explored. Five other amino acids in eukaryotes
are also known to undergo phosphorylation. While arginine and lysine amino acid side
chains also form phosphoramidates, aspartate and glutamate form acylphosphates and
cysteine residues form thiophosphates (Venerando et al. 2017).

Phosphate is found in the cell as orthophosphate or free phosphate, and as long
chains known as polyphosphate (polyp) (Jiménez et al. 2017). While the addition of a
single phosphate group, achieved via a kinase, can alter a protein’s function, studies
have shown that polyP chains are covalently attached to proteins on amino acid
residues such as lysine, affecting the localization and function of the phosphoprotein

(Azevedo et al. 2015).



There are 428 human genes that encode protein ser/thr kinases (Manning et al.
2002), while 90 encode kinases that modify their substrates on a tyrosine residue. To
counteract the tyr kinases, 107 human genes encode protein phosphatases that
dephosphorylate phosphotyrosine residues (Alonso et al. 2004; Andersen et al. 2005).
Interestingly, there are only 45 established or putative ser/thr phosphatases to
counteract the 428 ser/thr kinases. This 10-fold fewer number of ser/thr phosphatases
suggests a broader substrate specificity, determined by association with regulatory
proteins or by other regulatory mechanisms set in place, such as localization or
modifications. The high ratio of ser/thr kinases to phosphatases is evolutionary
conserved, where a 6:1 kinase to phosphatase ratio is also observed in Drosophila

(Morrison et al. 2000).

1.1.1 Classification of Protein Phosphatases

Initially, the families were divided based on whether they dephosphorylate serine,
threonine or tyrosine residues alone, or whether they have dual specificity. However,
following the discovery that certain ser/thr-specific enzymes are capable of
dephosphorylating tyrosine, and thus most have dual-specificity, the phosphatases were
instead classified based on their sequence, structure and catalytic mechanism
(Moorhead et al. 2007). Table 1.1 summarizes the families identified to date. The first
group comprises the ser/thr phosphatases of the phosphoprotein phosphatase (PPP)
and the protein phosphatase, Mg?* or Mn?* dependent (PPM) families. The second and
third groups consist, respectively, of the protein Tyrosine phosphatase (PTP)
superfamily and the Asp-based protein phosphatase (with a DXDXT/V catalytic

signature) family. Lastly, the remaining phosphatase family consists of phosphatases



FAMILY EXAMPLES OF MEMBERS

Serine/Threonine Phosphatases’

PPP Family PP1, PP2A, calcineurin, PP4-7

PPM Family PP2C

Phosphotyrosine Phosphatase (PTP) Super family’

Class | PTPs (Classic) Transmembrane and non-
receptor PTP

Class | PTPs (DSP - Dual Specific MAPKP, PTEN, Slingshots,

Phosphatase) PRLs, Atypical DSPs, CDC14,
Myotubularins

Class Il PTPs CDC25s

Class lll PTPs Low molecular weight (LMW)
PTP

Asp-based catalysis’

FCP/SCP Family FCP1, SCP, FCP/SCP-like

HAD Family Eya, cronophin

Other Amino Acid Phosphatases?®

pHis Phosphatases? PHPT1, LHPP

pLys LHPP

References:

1. Moorhead, G. B. G., Trinkle-Mulcahy, L. & Ulke-Lemée, A. Emerging roles of nuclear protein phosphatases. Nat.
Rev. Mol. Cell Biol. 8, 234-244 (2007).

2. Fuhs, S. R. & Hunter, T. pHisphorylation: the emergence of histidine phosphorylation as a reversible regulatory
modification. Curr. Opin. Cell Biol. 45, 8—16 (2017).

Table 1.1. The Classification of human protein phosphatases.



responsible for dephosphorylating lysine and/or histidine residues (Fuhs & Hunter
2017).

The two most abundant ser/thr phosphatases are classified as either type 1
(PP1) or type 2 (PP2), defined using biochemical assays, and then further divided
based on their requirements for metal ions and substrate specificity. Most ser/thr
phosphatases, including PP1 and PP2A, are regulated and achieve their substrate
specificity through the association of the catalytic subunit with a range of regulatory
subunits. The regulatory subunits have been shown to direct the localization of the
endogenously (Brush et al. 2003) and ectopically (Trinkle-Mulcahy et al. 2001; Trinkle-
Mulcahy et al. 2003; Lesage et al. 2007) expressed phosphatase, thereby emphasizing
the importance of these regulators in defining the subcellular distribution of the
phosphatase catalytic subunits. Other Ser/Thr phosphatases, including PP2C and Asp-
based phosphatases, contain the regulatory domain within the same polypeptide chain

as the catalytic subunit.

1.1.2 Protein Phosphatase 1 (PP1)

PP1 is ubiquitously expressed in all eukaryotic cells and it is estimated that PP1
accounts for 40-70% of ser/thr dephosphorylation events (Roadcap et al. 2007). The
PP1 catalytic subunit (PP1c) is involved in the regulation of diverse cellular processes,
and its specificity is governed by regulatory proteins (regulatory subunits) that confer the
subcellular localization of the phosphatase, bringing it into proximity of its substrates.
Evolutionarily, all eukaryotes have more than one PP1 gene, with the exception of

Saccharomyces cerevisiae, which has only one (GLC7). While Drosophila



melanogaster have four PP1 genes, Arabidopsis thaliana have eight and
Caenorhabditis elegans are predicted to have 30 (Shenolikar 1994).

In mammalian cells, PP1c is found primarily as three isoforms (., /9, y) encoded
by three distinct genes (Barker et al. 1993; Barker et al. 1994; Sasaki et al. 1990), and
each has the potential for alternative splicing. PP1y has been shown to undergo tissue-
specific splicing, generating the testis-enriched and sperm-specific isoform PP1y2
(Korrodi-Gregorio et al. 2014). These PP1c isoforms have amino acid sequences that
are more than 89% identical, varying mostly in their N- and C-termini (Figure 1.2A), and
show distinct localization patterns in the cell (Andreassen et al. 1998; Chamousset, De
Wever, et al. 2010; Trinkle-Mulcahy 2006). A phylogenetic tree made based on the
ClustalW alignment of amino acid sequence of all PP1c isoforms demonstrates that
PP1y is more closely related to PP1a than it is to PP1p (Korrodi-Gregoério et al. 2014)
(Figure 1.2B). While PP1a. and PP1y1 is more enriched in the brain and heart, PP1p is
found in the brain, small intestine, lung and muscle (Korrodi-Gregorio et al. 2014).
Compensation of one isoform for the other is seen in knockout (KO) experiments, where
one isoform may compensate for the other. However, knockout/knockdown experiments
demonstrate that compensation may not occur for specific functions, as seen with the
KO mice of PP1y, where the mice are viable with no obvious physical dysfunctions,
except that the males are infertile (Varmuza et al. 1999; Korrodi-Gregério et al. 2014);
or with morpholino knockdown (KD) of PP1p in zebrafish, where developmental defects
are observed (Korrodi-Gregoério et al. 2014; Jayashankar et al. 2013). KD of PP1a in
cardiomyocytes and Hela cells shows a slight increase in cell shortening and

involvement in cell proliferation, respectively. KD of PP1p in cardiomyocytes shows a
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Figure 1.2. Alignment of the three human PP1 genes. A. Schematic representation
of human PP1c genes, coding sequences (CDS), and proteins. The variability lies in the
N- and C-terminus of the PP1c genes. B. Human PP1c isoforms phylogenetic tree. The
phylogenetic tree, based on a ClustalW alignment, demonstrates the similarities
between the PP1c isoforms based on their primary amino acid sequence. Scale bar
represents estimated phylogenetic distance in substitutions per site. Reproduced by
permission from Elseivier: [Translational Research] (Korrodi-Gregério et al. 2014),
copyright (2014).



significant increase in cell shortening, while knockdown in HelLa cells shows its
importance during the cell cycle. KD of PP1y in HelLa cells also leads to the formation of

lamellipodia (for review, see (Korrodi-Gregério et al. 2014)).

1.1.3 Functional analysis of PP1

Although the PP1 catalytic subunits are abundant, they are not found as free
monomers in eukaryotic cells (Virshup & Shenolikar 2009). This is likely due to the fact
that a free subunit would be capable of dephosphorylating a large population of
phosphoproteins, as shown in vitro (Bollen et al. 2010). Early work done in budding
yeast demonstrated that GLC7 controls diverse cellular processes including glycogen
metabolism, DNA damage and transcription and cell-cycle progression (Aggen et al.
2000; Virshup & Shenolikar 2009). Collectively the data are in agreement that PP1
interacts with several other proteins to control the diverse cellular processes. In fact,
>200 PP1-binding regulatory proteins or putative targeting subunits have been identified
to date using proteomic and biochemical approaches, and yeast two-hybrid and
bioinformatics screens (Roadcap et al. 2007; Moorhead et al. 2008; Trinkle-Mulcahy et
al. 2006; Esteves et al. 2013; Bennett et al. 2006; Fardilha et al. 2011; Flores-Delgado
et al. 2007; Hendrickx et al. 2009; Hrabchak & Varmuza 2004). Affinity isolation of PP1
complexes has been carried out using immobilized microcystin-LR, which tightly binds
the catalytic site of both PP1 and PP2A-like phosphatases (Roadcap et al. 2007;
Moorhead et al. 2008). Similarly, tagged-PP1c has also been employed for pull down
assays and identification of PP1 complexes by LC-MS/MS (Hendrickx et al. 2009;

Chamousset, Mamane, et al. 2010; Prevost et al. 2013). Potential PP1 interactors have



also been identified using a broad in silico screen based on a stringent definition of the
motif known to be bound by PP1, followed by biochemical approaches to validate hits

(Hendrickx et al. 2009).

1.1.4 Identification and Evolution of Regulatory Subunits

The cytosolic regulatory subunits that were the first identified and consequently
have been the best characterized are those that direct PP1c to glycogen and myosin.
The hepatic-type G subunit (G.) targets PP1c to liver glycogen, while the muscle-type G
subunit (Gv) targets PP1c to both glycogen particles and sarcoplasmic reticulum of
striated muscles (Sutherland & Wosilait 1955; Bollen 2001; Egloff et al. 1997), The
Mypt1 subunit (also known as the M449, MBS or M130 subunit) targets PP1c to myosin
(Olsen et al. 2006; Alessi et al. 1992; Shimizu et al. 1994; Shirazi et al. 1994). Studies
with Gy (Johnson et al. 1996) and M (Tanaka et al. 1998) demonstrate that the
interaction of the regulatory subunits with PP1c occurs through a short amino acid
“‘RVxF” motif. Egloff et. al. co-crystallized PP1c with a short peptide sequence (residues
63-75) containing the region of the Gy subunit known to bind PP1c (Egloff et al. 1997).
X-ray crystallography was used to elucidate the structural basis of the association
(Egloff et al. 1997). The structure shows that hydrophobic residues (V and F) within this
peptide bind to a hydrophobic groove located near the C-terminal region of PP1c, found
on the opposite side of the active site of PP1c (Egloff et al. 1997; Aggen et al. 2000)
(Figure 1.3). In contrast, studies with the PP1c inhibitors, I-1 (Endo et al. 1996) and
DARPP-32 (H. B. Huang et al. 1999; Kwon, Huang, et al. 1997), show that they bind
and block the PP1 catalytic active site, which contain two metal ions required for PP1

activity (Peti et al. 2013).
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active site

peptide

Figure 1.3. Crystal structure of PP1-Guje3.75; peptide complex. The structure shows
that residues 64-69 binds to a hydrophobic groove located by the C-terminal region of
PP1c, found on the opposite side of the active site of PP1c. Pink: hydrophobic; purple:
hydrophilic; cyan: acidic; blue: basic residues. Reproduced by permission from John
Wiley and Sons: [The EMBO Journal] (Egloff et al. 1997), copyright (1997).
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Most regulatory proteins contain an RVxF motif. The full consensus sequence is
(R/K)x4-(V/1)-x2-(F/W), where x4 may be absent or any residue except large hydrophobic
residues and x; can be any amino acid except large hydrophobic residues. This binding
motif enables them to bind the hydrophobic channel in PP1c (Manning et al. 2002;
Doherty et al. 1995; Johnson et al. 1996; Egloff et al. 1997), and this binding is mutually
exclusive (i.e. only one regulatory subunit can bind PP1c at a time via this motif). The
RVXF motif is needed for the interaction but does not influence the enzymatic activity of
PP1, as the catalytic site is 20 A away (Peti et al. 2013). More than 10% of all proteins
in the human genome contain the degenerate RVxF motif, but not all motifs are
accessible and some also contain other PP1-binding sequences that enhance their
binding to PP1c (Alonso et al. 2004; Eto et al. 2002; Andersen et al. 2005; Lesage et al.
2007). Experiments also demonstrate that the sequences that flank the RVxF motif can
play important roles in the affinity and specificity of these regulatory subunits for PP1c
(Morrison et al. 2000; Terry-Lorenzo et al. 2002; Carmody et al. 2004).

The ancient regulatory (R) subunit families, expressed ubiquitously in humans,
include Inhibitor-3/Inh3 (PPP1R11), SDS22 (PPP1R7), Inhibitor-2/Inh2 (PPP1R2) and
NIPP1 (PPP1R8). While Inh3 and SDS22 were identified in all four taxonomy classes
that constitute the eukaryotic crown, Inh2 was identified in at least three, while NIPP1
was identified in two (Figure 1.4) (Ceulemans, Stalmans, et al. 2002). While Inh3 and
NIPP1 contain an RVXF motif that mediates their binding to PP1c, they also contain
additional binding sites, modules or motifs that account for their inhibitory properties
(Ceulemans & Bollen 2004). SDS22 and Inh2 however, do not contain a canonical

RVxF-motif. The conserved region of SDS22, which folds into a curved superhelix,
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Figure 1.4. The emergence of PP1 and the regulatory subunits in eukaryotic
evolution. Reproduced by permission from John Wiley and Sons: [BioEssays]

(Ceulemans, Stalmans, et al. 2002), copyright (2002).
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is important for PP1 binding (Ceulemans, Vulsteke, et al. 2002). Inh2 contains a
conserved SILK motif, [GS]IL[RK](H. B. Huang et al. 1999; Wakula et al. 2003;
Hendrickx et al. 2009), essential for inhibitory function, in addition to a non-canonical
RVxF motif. Interestingly, the glycogen-targeting subunits, which were identified in the
later taxonomy class comprising the animal and fungus kingdom, contain conserved
RVxF motifs (Ceulemans, Stalmans, et al. 2002). However, other regulatory subunits,
identified in the metazoan class, contain the RVxF motif in addition to other motifs,
including the SILK and the N-terminal MyPhoNE motif. This is seen with Mypt1, for
example, and may contribute to its preferential association with the § isoform of PP1c

(Scotto-Lavino et al. 2010).

1.1.5 Phosphatases as therapeutic targets

Work to date has focused primarily on kinases as therapeutic targets in disease
states, due to the availability of specific kinase inhibitors. Discrepancy in the number of
phosphatases relative to kinases has contributed to the misleading view that
phosphatases may be promiscuous and therefore not “drug-targetable”.

Until recently, there have been no selective inhibitors for specific phosphatase
complexes, as targeting the catalytic subunit of the phosphatase results in the
inactivation of all PP1 holoenzyme complexes within the cell. The first PP1c-targeted
therapeutic drug, Sephin1 (selective inhibitor of a holophosphatase), was recently
discovered to selectively bind PPP1R15A (GADD34) and disrupt the GADD34-PP1c
complex (Barker et al. 1993; Das et al. 2015; Barker et al. 1994; Sasaki et al. 1990).
This complex is involved in a cellular stress response in which the accumulation of a

misfolded protein in the endoplasmic reticulum (ER) triggers the unfolded protein
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response (UPR), which in turn reduces the amount of aberrant protein and restores
homeostasis (Schroder & Kaufman 2005; Walter & Ron 2011). ER stress activates
PKR-like ER kinase (PERK), which phosphorylates the translation initiation factor 2a.
(elF2a) to decrease protein synthesis, but also activates GADD34. When complexed
with PP1, GADD34 is responsible for dephosphorylating elF2a (Novoa et al. 2001).
Under stressful conditions the activation of UPR is essential, and Sephin1, through
selective inhibition of GADD34-PP1c, prolongs elF2a phosphorylation to enable an
effective stress response (Das et al. 2015). Sephin1 has been tested in mouse models

of Charcot-Marie-Tooth1B demyelinating neuropathy (MPZ™")

, Where the myelin
protein zero (PO protein) in Schwann cells is misfolded due to a serine 63 amino acid
deletion and the mice exhibit motor defects (Pennuto et al. 2008; D'Antonio et al. 2013),
and amyotrophic lateral sclerosis (ALS), a motor neuron disease (Nordlund & Oliveberg
2008), where the protein superoxide dismutase 1 (SOD1) blocks degradation of ER
proteins causing ER stress, with SOD™"™™ mice exhibiting loss of motor neurons
(Gurney et al. 1994). Sephin1 successfully inhibited motor defects and motor neuron
loss in both the MPZ™"™"™ and the SOD1™"™™ mice (Das et al. 2015). Furthermore,
studies in Alzheimer's disease (AD) mouse models, in which the accumulation of
amyloid-B and abnormally phosphorylated tau induce ER stress, suggest that levels of
GADD34 in neurons and oligodendrocytes are significantly increased in early stages
(Honjo et al. 2015). The discovery of Sephin1 and its selectivity for a particular PP1
holoenzyme complex has revolutionized our view of phosphatases as therapeutic

targets. It is thus essential to identify the regulatory proteins that associate with the

phosphatases and to further characterize the multimeric enzyme complexes as a
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strategy to design specific inhibitors.

1.2 Myosin Phosphatase Targeting subunit (MYPT) family
The myosin phosphatase targeting subunit (MYPT) family consists of five gene
members, Mypt1 (PPP1R12A), Mypt2 (PPP1R12B), Mypt3 (PPP1R16A), TIMAP
(PPP1R16B) and MBS85 (LENG3; PPP1R12C). An amino acid alignment of the Mypt1
family (Grassie et al. 2011) (Figure 1.5B) illustrates the conserved regions found at the
ankyrin repeats and Leucine zipper motif (for Mypt1/2 and MBS85/Leng3) (Grassie et
al. 2011). The family also shares several structural and functional domains that are
similar (Figure 1.5A). The PP1c binding site, RVxF motif, is found near the N-terminus,
followed immediately by 7-8 ankyrin repeats (conserved p-hairpin-helix-loop-helix
structure). (Chamousset, De Wever, et al. 2010; Andreassen et al. 1998; Sedgwick &
Smerdon 1999; Trinkle-Mulcahy 2006). While Mypt1, Mypt2 and MBS85 (LENG3)
contain a C-terminal leucine zipper (LZ), allows for dimerization and interaction with
other proteins, Mypt3 and TIMAP contain a C-terminal CaaX box that may function to
target it to the cell membrane. In addition to the RVxF motif, all MYPT family members
contain a conserved N-terminal site with the consensus sequence RxxQV/I/LK/RxY/W,
referred to as the MyPhoNE (myosin phosphatase N-terminal element) motif, which
contacts the conserved central domain of PP1c (Virshup & Shenolikar 2009; Sedgwick
& Smerdon 1999).
Mypt1, a widely distributed 115 kDA protein, is the myosin targeting subunit of
myosin light chain phosphatase, defined from its role in smooth muscle contraction and

non-muscle motile processes. Although found in many cell types, Mypt1 is abundantly
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Figure 1.5. Structural features and alignment of the Mypt family members. A. The
structural domains of the Mypt family members. B. ClustalW was used to align the
amino acid sequences of Mypt family members. Identical residues in are indicated in
yellow and conservative substitutions in blue. The PP1c-binding motif is highlighted in
bold magenta italics. The ankyrin repeat region is indicated in bold black letters
underlined. The leucine zipper domain of Mypt1, Mypt2 and MBS85 is indicated in bold
red letters underlined. The inhibitory ROK phosphorylation sites (T696 and T853 in
Mypt1) are indicated in bold black italics with asterisks. A CaaX box is shown in bold
black italics underlined. Reproduced by permission from Elseivier: [Archives of
Biochemistry and Biophysics] (Grassie et al. 2011), copyright (2011).
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expressed in smooth muscle cells (Bollen et al. 2010; Brozovich 2002; Feng et al.
1999). Targeted disruption of the Mypt1 gene in mice results in embryonic lethality,
where the mice do not survive beyond e7.5 days (Aggen et al. 2000; Okamoto et al.
2005; Virshup & Shenolikar 2009). Furthermore, loss of Mypt1 in either the zebrafish
embryo or C. elegans, results in either convergence defects (Weiser et al. 2009) or
disruption of cell movements during gastrulation (Piekny et al. 2003). Mypt2 is
predominantly found in striated (cardiac and skeletal) muscles and brain, while LENG3,
most similar to Mypt2, is ubiquitously expressed and a substrate for myotonic dystrophy
kinase-related Cdc42 binding kinase-a (MRCKa) (Tan et al. 2001). Mypt3 is found to be
localized to the membrane and is expressed in the heart, brain and kidneys, while

TIMAP is localized to the plasma membrane of endothelial cells (Grassie et al. 2011).

1.2.1 Mypt1

Figure 1.6 illustrates the structural features of the Mypt1 protein (Hartshorne et al.
1998). The ankyrin repeat region of Mypt1 interacts with the c-terminal region of
PP16/p (Terrak et al. 2004). Studies suggest it is the central region of PP1§/p that
confers isoform-specific binding to Mypt1 (Scotto-Lavino et al. 2010). Binding to the C-
terminus of PP18/f may account for specificity of Mypt1 towards the /6 isoform, as the
three PP1c isoforms vary mostly at their N- and C-termini (Grassie et al. 2011).

Mypt1 is regulated through phosphorylation within its central domain by a variety
of ser/thr kinases including ROK (Rho-associated kinase), ZIPK (zipper-interacting
protein kinase) and ILK (integrin-linked kinase). All of these kinases phosphorylate the
T696 residue (Ito et al. 2004; Matsumura & Hartshorne 2008; Ulke-Lemée & Macdonald

2010), while ROK appears to account for the majority of Thr853 phosphorylation in
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human Mypt1 (Kimura et al. 1996). Both sites are found to be conserved in Mypt2, but
neither are conserved in TIMAP or Mypt3, whereas only T696 is conserved in MBS85
(LENG3). It is thought that Mypt1 is localized mainly in the cytoplasm when bound to
PP1c (Eto et al. 2005), but its subcellular localization may vary depending on its
interactions with other proteins (Grassie et al. 2011). One study suggested that
unbound Mypt1 localizes to the nucleus due to a nuclear localization signal (NLS) found
in the N-terminus, located at P27-K33 (Y. Wu et al. 2005), although an additional NLS is
also found in the C-terminus, located at R843-S852. The complex containing Mypt1,
bound to PP16/p at its N-terminus and M20 at its C-terminus (Hirano et al. 1997;
Johnson et al. 1997; Shimizu et al. 1994), is referred to as the myosin light chain

phosphatase (MP/MLCP).

1.2.2 Role of MP in smooth muscle contraction

Smooth muscle contraction occurs when myosins move along actin filaments
hydrolyzing ATP  (Engelhardt 1939), functioning as molecular motors.
Dephosphorylation of myosin Il by MP is necessary for the relaxation of the actomyosin
fibers in the cells. The two phosphorylation sites of Mypt1, Thr696 and Thr853,
catalyzed by Rho-associated kinase (ROK) (Kimura et al. 1996), are important for the
association of Mypt1 with myosin Il. Phosphorylation of T696 or T853 results in a
decrease of MP activity (Ichikawa et al. 1996; Velasco et al. 2002; Muranyi et al. 2005).
While phosphorylation of Mypt1 at Thr696 inhibits the activity of MP for myosin II,
phosphorylation at Thr853 causes the dissociation of Mypt1 from myosin Il and
decrease in MP activity (Macdonald et al. 2001; Velasco et al. 2002; Muranyi et al.

2005; Ichikawa et al. 1996). The sequence that surrounds Thr696 and Thr853
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resembles the site on myosin that is phosphorylated, which is consistent with a pseudo-
substrate mechanism of inhibition where phosphorylation of Thr696 and Thr853 results
in the docking of this region to the PP1c active site, blocking its access to its substrate,

myosin (Khromov et al. 2009).

1.2.3 Role of MP in non-muscle cells

In addition to its traditional role in regulating muscle contraction, the MP complex
plays a key role in the regulation of actomyosin in non-muscle cells, affecting cell
migration and adhesion (Xia et al. 2005). For effective cell motility, two regulatory light
chain subunits (LCyy) of myosin |l are regulated through reversible phosphorylation
(Figure 1.7). The balance is achieved by the predominant Ca2+/calmodulin-dependent
myosin light chain kinase (MLCK) and MP (Grassie et al. 2011). Xia et al. illustrate that
Mypt1 KD leads to an enhanced LCyy phosphorylation, resulting in an accumulation of
active myosin and subsequently affecting stress fibers and focal adhesion, thereby
inhibiting cell migration (Xia et al. 2005).

Mypt1 is found to interact with several other proteins, including Tau, MAP2,
Moesin and GTP-RhoA (Hartshorne et al. 1998; Amano et al. 2003; Amano et al. 2000;
Surks et al. 1999). Recently, a nuclear interactome of Flag-Mypt1 was mapped and 22
potential Mypt1 interacting proteins identified (Sipos et al. 2017). Non-myosin
Mypt1/PP1p substrates have also been identified, including polo-like kinase 1 (PLK1)
and histone deacetylase 6 (HDACG6). PLK1 is involved in a variety of mitotic events
including centrosome maturation and separation, kinetochore-microtubule attachment
and cleavage furrow ingression (Petronczki et al. 2008; Bruinsma et al. 2012; Zitouni et

al. 2014). Yamashiro et al. demonstrated that Mypt1 contributes to mitotic regulation via
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its interaction with PLK1, colocalizing with PLK1 on centrosomes (Yamashiro et al. 2008).
Joo et al. have shown that HDAC6, which plays an important role in microtubule
deacetylation, is a substrate for the Mypt1/PP1f complex (Joo & Yamada 2014). They
suggest that the complex balances contractility and microtubule acetylation by either

interacting with myosin light chain or HDAC6 (Joo & Yamada 2014).

1.2.4 Mypt1 and Disease

Mypt1 has diverse cellular functions within a cell. Its involvement in smooth muscle
contraction links it to several disease states when dysfunctional, including hypertension
and congestive heart failure (Grassie et al. 2011). The inhibition of Mypt1, via the
phosphorylation of T696 or T853 by upstream kinases, decreases MP activity (Ichikawa
et al. 1996; Velasco et al. 2002; Muranyi et al. 2005) and thus contributes to disease
development. Furthermore, downregulation of Mypt1 is found in patients with Parkinson’s
disease (E. S. Wang et al. 2010) and Mypt1 is indirectly implicated in chronic gastritis
caused by Helicobacter pylori. In chronic gastritis, MLCK has been implicated in
disrupting claudin4/5 and thus increasing the permeability of epithelial cells (Fedwick et
al. 2005). Lastly, Mypt1 has been implicated in playing a role in cancer (Kaneko et al.
2002), regulating myosin Il activity and thus affecting migration, adhesion and the cell

cycle.

1.3 Sperm Antigen With Calponin Homology And Coiled-Coil Domains 1 and
1-Like (Specc1/1L) Family
Sperm antigen with calponin homology and coiled-coil domains 1 (Specc1), also
known as CYTSB, shares 42.6% identity with Sperm antigen with calponin homology and

coiled-coil domains 1 Like (Speccil), also known as CYTSA. The Specc1/1L gene

23



encodes three coiled-coil (CC) domains, four in the case of Specc1, and a C- terminal
calponin homology (CH) domain, where the CC domains may be involved in key protein
interactions while the latter domain is believed to facilitate actin binding (Gimona et al.
2002) (Figure 1.8A). The highest conservation between the two family members is found
in their CH domain, which are 83.5% identical (Figure 1.8B). Mattison et al. illustrate that
the CH domain shows moderate homology to those found in a-actinin, Smoothelin,
Macrophin and Beta-Spectrin (Mattison et al. 2011).

The presence of a CH domain suggests that Specc1L may be a potential actin
binding protein (Gimona et al. 2002). Functionally, however, two tandem CH domains are
normally required to bind actin, while Specc1L, like EB1, contains only one (Kanaba et al.
2013). Previous studies showed that SpeccilL localizes predominantly to the actin
cytoskeleton (CSK) in interphase cells (Saadi et al. 2011; Mattison et al. 2011).
Treatment with ionomycin (increases intracellular calcium and reorganizes the actin CSK
by translocating F-actin fibers to the cell membrane) resulted in a translocation of
Specc1L to the cell membrane, co-localizing with the F-actin fibers as shown by
phalloidin staining (Saadi et al. 2011). Interestingly, when transiently overexpressed,
Specci1L was observed to relocalize to the MT network and co-localize with acetylated
tubulin, a marker for stabilized microtubules (Saadi et al. 2011). Endogenous Specci1L
relocalizes to the mitotic spindle (Saadi et al. 2011) in early mitosis, and was observed at
the cleavage furrow during cytokinesis (Mattison et al. 2011). Mattison et al. found that
the mid region of SpecciL, containing two CC domains, interacts with mono-polar spindle
kinase 1 (MPS1), which is required to ensure proper spindle positioning during the onset
of anaphase (Mattison et al. 2011). While they claim to observe a transient association of

Specc1L with the centrosome (although the data was not shown) (Mattison et al. 2011),
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Figure 1.8. Clustal Omega AIignment of human SpecciL (aa 1-1117) and Specc1 (aa
1-1068) reveals that the highest conserved region is in their CH domain (CHD). A.
Schematic showing the location of the coiled coil domains (CCDs) within the C-terminal

halves of Specc1L and Specc1.

B. Alignment of Specc1L with Specc1 identified a region

(highlighted in yellow) that shows an 83.5% identity. This region corresponds to aa 997-
1117 in Specc1L and aa 948-1068 in Specc1. Mutations in Specc1L found in patients
with developmental diseases are highlighted in orange. The amino acids threonine (T397)
and glutamine (Q415) are found to be mutated into proline (P) in patients with Opitz
G/BBB Syndrome and Tessier |V Clefting, respectively. The amino acid glycine (G1083)
is mutated to a serine (S) in patients with Opitz G/BBB Syndrome. The amino acid
glutamic acid (E420) is mutated to aspartic acid (D) in patients with Teebi Hypertelorism.
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Saadi et al. showed punctate Specc1L expression that localized in a ring around y-tubulin
labeled centrioles. The removal of the CH domain from full length Specc1L abolished the
formation of stabilized microtubules, suggesting that Specc1L may stabilize microtubules
via an interaction with the actin CSK (Saadi et al. 2011).

Although Specc1L may associate with microtubules, a direct interaction has not
been established. Furthermore, no studies to date have shown whether Specc1 behaves
in a similar fashion to Specc1L as a novel “cross-linking” protein with the capacity to
interact with both microtubules and the actin CSK. Also, while several cytoskeletal
proteins have been deposited as putative Specc1/L binding partners in the BioGrid
dataset, from high-throughput AP/MS screens, their interactomes have not yet been
mapped and it remains unclear how they carry out their proposed physiological roles.

SpeccilL KD in Drosophila results in an integrin knockout phenotype where both cell
migration and adhesion is affected (Saadi et al. 2011). Similarly, KD of Specc1L affects
the migration of cranial neural crest cells (CNCC) in zebrafish, producing a craniofacial
“faceless” phenotype (Saadi et al. 2011; Gfrerer et al. 2014). Migration and adhesion
defects were also observed in HEK293T and U20S Specc1L KD stable cell lines (levels
reduced 60-70%) (Saadi et al. 2011). HEK293T SpecciL KD cells failed to remain
adherent once they reached confluency, compared to the parental control, while U20S
Specc1L KD cells demonstrated a reduced ability to close the gap in a wound repair
assay (Saadi et al. 2011). In vivo, similar to the CNCC migration defects seen in
zebrafish, CNCC migration was affected in Specc1L deficient mice (Wilson et al. 2016),
resulting in neural tube closure failure. Wilson et al. demonstrated that the failure of

CNCC migration and neural tube closure failure was due to reduced P13K-AKT levels

26



subsequently increasing E-cadherin expression, leading to increased apico-basal density

of adherens junctions at the neural folds that affected delamination.

1.3.1 Specc1/1L and Disease

While Specc1 is highly overexpressed in several cancer cell lines and is being
explored as a potential therapeutic target in head and neck cancers (D'Agostino &
Giordano 2011; D'Agostino & Giordano 2008), SpeccilL is found to be mutated in
developmental diseases including Oblique facial Clefts (ObFC), also known as Tessier IV
clefts (Saadi et al. 2011), that result in congenital malformations.

ObFC are complex orofacial clefts, which are the most common congenital
malformations, affecting one in every 700 to 1000 births (Tolarova & Cervenka 1998;
Genisca et al. 2009). The discovery of Specc1L mutations in patients with ObFC can aid
in a genetic diagnosis of this developmental disease and allow potential advances in the
treatment of the disease, as current treatments such as surgery are costly and not every
effective at treating the malformations (Versnel et al. 2011; Pidgeon et al. 2014)
(Deleyiannis et al. 2013). Patients with ObFC have a missense mutation c.1244A>C
(p-Gly415Pro) (Saadi et al. 2011). The identified mutation is predicted by PolyPhen, SIFT,
and pMUT mutation evaluation algorithms (Thusberg & Vihinen 2009) to have a
deleterious effect on protein function (Saadi et al. 2011). When transiently
overexpressed, the G415P Specc1L mutant severely impairs the formation of stabilized
MTs as monitored by acetyl a-tubulin staining (Saadi et al. 2011). Furthermore,
lymphoblastoid cells (immortalized from an ObFC patient) failed to form large clumps with
increased adhesion and were marked by a reduced number of F-actin microspikes and

filopodia (both linked to reduced adhesion and motility) (Kislauskis et al. 1997; Webb et
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al. 2003).

Since its original discovery in ObFC, Specc1L mutations have been found in
patients with Optiz G/BBB syndrome, genetically heterogeneous with variable expression
in both X-linked and autosomal dominant families (Kruszka et al. 2015), and Teebi
hypertelorism syndrome (Bhoj et al. 2015), a rare autosomal dominant disorder. Both
syndromes are characterized by hypertelorism, the abnormally increased distance
between two organs or bodily parts, with slight differences in the facial features affected
and the mutations in Specci1lL identified. In patients with Optiz G/BBB, two missense
mutations were discovered in SpeccilL: c.1189A>C (p.Thr397Pro) and c.3247>A
(p-Gly1083Ser). Similar to the G415P Specci1L mutation, the T397P and G1083S
Specc1L mutants did not induce formation of stabilized MTs (Kruszka et al. 2015). In
patients with Teebi Hypertelorism one mutation, ¢.1260G>C (p.Glu420Asp), was

observed (Bhoj et al. 2015).

1.4 Actin Cytoskeleton

The actin cytoskeleton, required for cell motility (in non-muscle cells) and muscle
contraction, is composed of polymers of actin and actin-binding and associated proteins
(Stossel 1993; Winsor & Schiebel 1997; Schmidt & M. N. Hall 1998). Actin is found in the
cell in a monomeric (G-actin) or polymeric (F-actin; composed of G-actin monomers)
form. The polymers are capable of forming spontaneously and are highly dynamic
structures that assemble and disassemble at both ends. However, it is the plus (barbed)
end, which gets capped to prevent the addition or loss of actin subunits (Casella et al.
1987; Caldwell et al. 1989), that grows quicker than the minus (pointed end). The first

step in actin polymerization, known as actin nucleation, occurs at membrane-associated
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complexes such as focal adhesions and adherens junctions. These also serve as cross-
linkers between the exterior of the cell, the plasma membrane and the actin cytoskeleton
(Yamada & Geiger 1997). The site of nucleation consists of multimolecular complexes.
Focal adhesions mediate cell substrate adhesion via integrin-type receptors that attach to
the extracellular matrix and associate with protein complexes containing talin, vinculin, a-
actinin, paxillin, tensin, zyxin and focal adhesion kinase (FAK) (Schmidt & M. N. Hall
1998). Intercellularly, adherens junctions mediate cell-cell interaction that are complexed
with vinculin, a-actinin, catenin, ERM proteins, and filamin (Geiger et al. 1990). Although
adhesions are important to initiate actin polymerization, the organization of actin polymers
into a filamentous network is achieved by cross-linking proteins that include a-actinin,
filamin, fimbrin, and villin (Schmidt & M. N. Hall 1998). The RhoA, Rac and Cdc42
families of GTPases play an important role in organizing the actin cytoskeleton to induce
morphological changes. While Rac controls the formation of lamellipodia and membrane
ruffles at the leading edge of the cell, Cdc42 is involved in the formation of actin
microspikes including filopodia, which are finger-like protrusion consisting of bundles of
actin filaments (Schmidt & M. N. Hall 1998). The generation of stress fibers, bundles of
actin filaments that help with cell migration, focal adhesions and cortical actin, are
controlled by RhoA activation. Furthermore, myosins are responsible for the movement of
actin filaments within the cell. The localization of the actin structures can be seen in

Figure 1.9.

1.5 Myosins
Myosins constitute a large family of F-actin based motor proteins, playing an

important role in eukaryotic motility (Sellers 1999). All myosins to date share a common
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Figure 1.9. Arrangements of Actin filaments within the cell. Actin filaments can be
arranged to form multiple structures, including stress fibres, filopodium, lamellipodium,
membrane ruffles and cortical actin. Reproduced by permission from Nature Publishing
Group: [Nature Reviews Microbiology] (Taylor et al. 2011), copyright (2011).
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domain, the conserved head domain, which interacts with actin and binds ATP to produce
movement in most cases. This is followed by a neck domain, which consists of one or
more helical motifs, termed an 1Q motif, (consensus sequence of IQXXXRGXXXR
(Cheney & Mooseker 1992)) capable of binding the regulatory light chains (RLC). Finally,
the presence of a C-terminal tail domain anchors and positions the motor domain,
allowing it to interact with actin. The most diversity amongst the myosins occurs in the tail
domain, as they vary in length and sequence, contain functional motifs, and can have
coiled-coil forming regions that allow the myosin to dimerize and produce two-headed
molecules. Phylogenetic analysis classifies myosins using the head domains (Goodson
& Spudich 1993; Cheney et al. 1993; Hodge & Cope 2000), grouping them into 18 distinct
classes (Furusawa et al. 2000), although there are a few that do not fall in any of the
classes (Berg et al. 2001). Each class has a distinct function. Class |, known as the
unconventional myosins, cannot form filaments and plays a role in endocytic and exocytic
membrane trafficking (Thompson & Langford 2002). Class I, known as the conventional
myosins, can form filaments and constitutes and important component of the sarcomere
in muscle cells. It is also known to be a component of the contractile ring in dividing cells
(Thompson & Langford 2002). Most myosins belong to Class Il and help make up the
contractile proteins of cardiac, skeletal and smooth muscle. There are also myosin Il
molecules in non-muscle cells, referred to as non-muscle myosin (NM) Il, that resemble
their muscle counterparts in both structure and function (Clark et al. 2007; Conti &

Adelstein 2008; Krendel & Mooseker 2005).

1.5.1 Non - muscle myosin Il (NM II)

Similar to muscle myosin Il, NM Il is composed of two heavy, light and essential
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light chains (Vicente-Manzanares et al. 2009). There are three isoforms of NM II: 1IA, B
and C. In mammalian cells, three genes encode the NM Il heavy chain (NMHC II), myosin
heavy chain 9, 10 and 14 (MYH9,10,14), which represent NMIIA, B and C. It is the
presence of the heavy chain isoform that determines the NM Il isoform (Vicente-
Manzanares et al. 2009). NM Il isoforms vary in two kinetic properties, the rate of ATP
hydrolysis (Mg®* - ATPase activity) and the time that myosin is bound to actin in a force
generating state (duty ratio). While NM 1IA has the highest rate of ATP hydrolysis out of
the three isoforms, NM 1IB has a higher duty ratio. Reversible phosphorylation of the light
chain and heavy chains regulates the Mg®* - ATP hydrolysis and filament formation of NM
[I. Phosphorylation on serine (Ser) 19 of the regulatory light chain (RLC) increases the
Mg?* - ATPase activity of myosin (A. P. Somlyo & A. V. Somlyo 2003) without having any
effect on the affinity for actin (Sellers et al. 1982). Threonine (Thr) 18 can also be
phosphorylated, and phosphorylation on both Thr 18 and Ser 19 increases the Mg?* -
ATPase activity (Umemoto et al. 1989). While several kinases are found to phosphorylate
the RLC of NM Il, including MLCK, Rho-associated, coiled coil-containing kinase (ROCK)
and many others (Vicente-Manzanares et al. 2009), dephosphorylation of RLC of NM I,
similar to muscle myosin Il, is accomplished by the major myosin phosphatase,

Mypt1/PP1p (Matsumura & Hartshorne 2008) (Figure 1.7).

1.5.2 NM Il and migration

NM Il plays an important role in both the formation of cellular protrusions and the
maturation of adhesions, both required for effective cell migration, with the four steps of
migration being protrusion, adhesion, contraction and retraction (Fife et al. 2014) (Figure

1.10). At the leading edge of a migrating cell, the adhesions formed are small, while the
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Figure 1.10. A schematic illustrating the steps of a migrating cell. Four steps of cell
migration involve protrusion, adhesion, contraction and retraction. Reproduced by
permission from John Wiley and Sons: [British Journal of Pharmacology] (Fife et al.

2014), copyright (2014).
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rear has more stable mature adhesions, which are supported by the presence of larger
actin filament bundles. Mature adhesions are also found at the transition zone between
the lamellum and lamellipodium, where traditionally it was proposed that the latter is
positioned anteriorly to the former (Yui et al. 1998; Heath & Holifield 1991). Adhesions
are associated with actin bundles (Vicente-Manzanares et al. 2009), and actin bundling
requires NM I, as knocking down or inhibiting NM Il results in a loss of actin bundles
(Ponti et al. 2004). Adhesion maturation, mediated by NM I, is thought to occur in two
ways. First, NM Il bundles actin filaments, bringing together the adhesion proteins found
at the end of the actin filaments. Second, the force generated by NM Il causes a
conformational change that now exposes the activation and binding sites of important
adhesion components (Sawada et al. 2006; del Rio et al. 2009; Friedland et al. 2009). It
is thought that NM Il affects protrusions by decreasing the rate of actin retrograde flow in
the lamellum, where it is already slow to begin with, subsequently affecting the transition
zone between the lamellum and lamellipodium (Anderson et al. 2008; Nemethova et al.
2008). When NM Il is inhibited or deleted protrusiveness increases (Vicente-Manzanares
et al. 2009). In summary, activation of NM Il results in large actin bundles, stable

adhesions and decreased protrusion.

1.6 Microtubules

Microtubules (MTs) are composed of polymers of o and B-tubulin dimers, which
associate with each other to form hollow tubes. Assembly of MTs occurs from one or
several microtubule organizing centers (MTOCs). The centrosome is a major MTOC in
most cell types (Etienne-Manneville 2013). Although the centrosome is the primary

MTOC, many cell types have MT assembly occur both at the centrosome and other
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structures, such as the Golgi complex, that can also contribute to organization of the
microtubule network (Vinogradova et al. 2009). MTs are dynamic and undergo episodes
of growth and shrinkage, which usually occurs from the plus (+) end located away from
the MTOC (Figure 1.11) (Akhmanova & Steinmetz 2008; Gardner et al. 2008). The
functions of MTs depend largely on the MT-associated motors, such as kinesins and
dyneins, and microtubule-associated proteins (MAPs) (Etienne-Manneville 2010). Most
MAPs associate with the MT network to help with their stability, thereby greatly
influencing MT dynamics. MTs are important in a number of cellular processes, including
maintaining the structure of the cell, movement of organelles and vesicles, chromosome

segregation and migration.

1.6.1 Microtubules and Migration

Migration in various cell types is affected during both drug-induced
depolymerization and stabilization of microtubules (Etienne-Manneville 2004; Liao et al.
1995; Vasiliev et al. 1970). Cellular protrusion, particularly the formation of the
lamellipodium, is an important step needed for effective migration, along with adhesion,
contraction and retraction. While actin polymerization is solely responsible for membrane
protrusions in small cells such as fish keratocytes or leukocytes, microtubules are
primarily responsible for cell protrusion in astrocytes and neurons (Euteneuer & Schliwa
1984; Keren et al. 2008). In most cell types, including epithelial and endothelial cells,
cellular protrusions require the presence of both actin microfilaments and microtubules,
although most MTs do not enter the lamellipodium (Etienne-Manneville 2013). MTs may
effect protrusions through microtubule polymerization towards the leading edge,

stabilization via association with MAPs, such as MAP4, or through tubulin acetylation or
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Figure 1.11. Microtubule dynamics. A. MTs are composed of a/b-tubulin heterodimers
that assemble to form a protofilament. B. The helical microtubule wall typically consists
of 13 parallel protofilaments. C. Assembly (polymerization) and disassembly
(depolymerization) of microtubules is acheived by the binding, hydorlysis and exchange
of GTP on the b-tubulin monomer. GTP is needed for the switching between catastrophe
and rescue. Reproduced by permission from Nature Publishing Group: [Nature Reviews
Molecular Cell Biology] (Akhmanova & Steinmetz 2008), copyright (2008).
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crosslinking with other cytoskeletal structures (Etienne-Manneville 2004). The targeted
delivery of membranes and associated proteins may also contribute to migration.
Additionally, MTs may contribute indirectly to cellular migration by interacting with and
regulating signaling molecules such as the RhoGTPases (Waterman-Storer & Salmon
1999), which are important for actin polymerization. Lastly, MTs affect focal adhesions by
regulating their formation, via their activation of Rac (Rooney et al. 2010), their
maturation, by modulating actomyosin contractility (Ren et al. 1999; Waterman-Storer &

Salmon 1999) and their disassembly (Kaverina et al. 1998; Krylyshkina et al. 2003).

1.7 Rationale

It is now generally agreed that regulated protein phosphatases play equally
essential roles in the control of key cellular processes as their kinase counterparts. One
of the major cellular serine/threonine phosphatases is PP1, which gains its substrate
specificity from regulatory subunits with which it associates in heteromeric complexes.
Although >200 regulatory subunits have been identified to date, we still do not have a
clear overview of the dynamic subcellular distribution of PP1, nor a full understanding of
its contribution to the wide range of signaling events to which its activity has been linked.

With PP1 now emerging as a promising therapeutic target, it is essential to gain a
better understanding of how its’ diverse family of regulatory subunits target its catalytic
activity throughout the cell. This will in turn help us to design strategies to inhibit specific
pools of phosphatase activity while minimizing off-target effects. Although there is
evidence of overlap in their targeting and intracellular roles, the three PP1 isoforms also
show distinct targeting based on relative preferences and affinities for particular

regulatory subunits. Given the overlap of regulatory subunits, it is not surprising that
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some compensation has been observed in single isoform knockout experiments.
However, for certain functions, this compensation does not occur, which may be
attributed to specialized regulatory subunits with PP1c isoform preferences that have
evolved to control specific events in higher eukaryotes.

Using GFP-tagged PP1c isoforms stably expressed in a range of cell lines as
molecular reporters for the endogenous proteins, we combined fluorescence imaging and
cellular fractionation with quantitative AP-MS/MS to characterize their subcellular
distributions. The goal was to assemble a comprehensive map of isoform- and
compartment-specific phosphatase complexes in interphase and mitotic cells and assign,
with confidence, their distribution between known, predicted and novel regulatory
subunits. This map, in addition to identifying novel PP1 complexes, will also serve as a
baseline for comparing changes in PP1c distribution between these complexes in

perturbed cells or disease conditions, to highlight potential therapeutic targets.

1.8 Hypothesis

The combination of a quantitative AP-MS strategy with cellular fractionation, to
reduce sample complexity and increase coverage of the regulatory networks to which
PP1c is targeted will enable the identification of novel regulatory factors that contribute to

the subcellular distribution and physiological function of PP1.

1.9 Aims/Objectives

i)  Assemble comprehensive interactome maps for the three PP1 isoforms in

human cell lines during interphase and mitosis.
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ii)

Characterize a novel trimeric complex identified for the beta isoform of PP1
that regulates it distribution between the actin cytoskeleton and the

microtubule network.
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CHAPTER 2: Materials and Methods

21 Cloning and Plasmid Constructs

Most fluorophore (FP) tagged-PP1 constructs were described previously (Trinkle-
Mulcahy et al. 2001; Trinkle-Mulcahy et al. 2003), while the PP13-EGFP was prepared by
subcloning human PP18 cDNA into the EGFP-N3 vector.

Full-length Mypt1 and Mypt1 fragments were amplified using specific primers by
PCR from human cDNA (Open BioSystems). The PCR products were digested using
restriction enzymes (RE) and inserted into the pEGFP/mCherry-C1, pEGFP N3, and
pGEX-4-T3 vector. Primers and RE used are listed in Table A1. Similarly, full-length
Specc1L and SpecciL fragments were amplified using specific primers by PCR from
human Specc1L cDNA (OpenBioSystems). The PCR products were digested using the
appropriate RE. Primers and RE used are listed in Table A2. Full length Specc1L and
Specc1L fragments were amplified using specific primers and inserted into BiolD-HA
pcDNA 3.1 and pET-47b (+) vector, respectively, following digestion with the appropriate
RE (Table A3). Specc1 (Iso1 and Iso4) was cloned into the pEGFP-N3 vector (Table A4)
after amplification by PCR from human cDNA (Open BioSystems) and digestion. Full-
length Mypt3, Leng3, PEAK1 (gift from the Klemke Lab) and C200rf27 were amplified
using specific primers (Table A5) by PCR from human cDNA (Mypt3-Openbiosystems;
Leng3-Addgene; C20o0rf27-Addgene). The PCR products were digested using the RE
listed in Table A5 and inserted into the pEGFP-N3 and/or mCherry-C1 vectors and/or
pECYFP-C1 vectors. The Val and Phe residues of the PP1 binding motif in C200rf27

(V55 and F57) were changed to Ala (primers listed in Table A6) using the QuickChange
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site directed mutagenesis kit. ASPP2 was a gift from the Holmes Lab, and subcloned into

our pEGFP-C1 vector.

2.2 Cell Culture and Transfection Assays

HelLa, MCF7 and U20S cells, obtained from ATCC, were grown in Dulbecco’s
modified Eagles’ medium supplemented with 10% fetal calf serum and 100 U/mL
penicillin and streptomycin (Wisent Bioproducts Inc, St. Bruno, QC). Cells were
transfected with either polyethylenimine/PEIl (Polysciences, Inc., Warrington, PA) for
Immunoprecipitation assays, or Effectene transfection reagent (Qiagen, Valencia, CA) for
immunofluorescence (IF) assays. Transfection using PEI was carried out according to
Table A10, while transfection with Effectene was carried out according to manufacturers’
protocol. For mitotic arrest experiments, cells were treated with either 3.3 uM nocodazole
(NOC), or 5 uM S-trityl-L-cysteine (STLC) for 18 h before harvesting by mitotic shake-off.
For MT destabilization and disruption of actin polymerization experiments, cells were

treated with either 8.3 uM NOC or 2 uM Latrunculin (LAT) for 2 hrs, respectively.

2.3 Stable Cell Lines

Stable cell lines were generated by transfecting U20S/MCF7/HelLa cells, using the
Effectene transfection reagent, with GFP-tagged Specc1L/Leng3/PP1 specific isoforms.
Since the pEGFP vector encodes resistance to Neomycin in mammalian cells, cells
transfected with GFP-tagged constructs were selected for using a final concentration of
0.8ug/ml of G418 for 10 days. Colonies were picked and expanded further using media

containing G418. Mouse Mypt1-GFP Bacterial Artificial Chromosome (BAC) Hela cell
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line, where 2% of the cell line express GFP-tagged mouse Mypt1, was provided by Tony

Hyman’s lab (Dresden, Germany).

24 Lentivirus Production and Infection

HEK293T cells were seeded in 2 x 15 cm dishes and grown to confluence. A 3:1
volume of PEI was added to a 5:3:1 DNA mix containing 27.78 mg of shuttle vector
plasmid (lentiviral construct PLVX-Mypt1), 16.66 mg of packaging plasmid psPAX2, and
5.56 mg of pMD2G (broad range VSV-G envelope) in 2.3 mL of serum free media and
allowed to incubate at room temperature for 30 minutes to prepare the transfection. The
confluent cells were trypsinized, resuspended in 2.5 mL of media, and pelleted at 1000 x
g for four minutes. The pellet was resuspended in 2.5 mL serum-free DMEM and the
transfection mixture was added in a 1:1 ratio to the cell mix. The 5 mL transfection/cell
mix was distributed between 5 x 15 cm dishes and brought up to final volume of 15 mL of
DMEM media. The media was changed 6-8 hrs later. The following day transfection
efficiency was monitored to ensure > 50% transfection efficiency. On day 3, the
supernatant was collected using the Virus Precipitation Kit (Benchmark Biosciences) as
per protocol to purify competent lentivirus in high yield. Infections were performed by
adding lentiviral-containing supernatant (10ul/1mL media) to cells along with 8 mg of

polybrene.

2.5 CRISPR/Cas9 Cloning and Stable Cell line

The target sequences to be used as guide RNAs (QRNA) were designed using the
Zhang Lab’s online generator (http://crispr.mit.edu/). Oligonucleotides, 5gRNA CACC-
GGAGGCAAACTTGTAAAACC and 3'gRNA AAAC-GGTTTTACAAGTTTGCCTCC

specific for the first exon of the Specci1L gene were annealed and phosphorylated in a
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thermocycler, and cloned into the Bbs1-digested pSpCas9(BB)-2A-PURO (PX459), a gift
from Dr. Ryan Russell (University of Ottawa). For the backbone vector digestion, 1ug of
DNA was digested with Bbsl for 30 min at 37 °C. The digested PX459 was gel purified
using Qiagen Gel Extraction Kit (QIAGEN). The plasmid was transformed into DH5-alpha
competent cells and a few of the colonies were picked for screening by sequencing.

U20S cells were cultured at 37°C, 5% CO2, in Dulbecco’s modified eagle medium,
supplemented with 10% foetal bovine serum and 1 mM penicillin/streptomycin. Transient
transfections of the plasmids sgRNA/Cas9 and control were performed in six-well plates
(5 x 105 cells) using PELI.

Cells transfected with the PX459 control plasmid or with the gRNA/Cas9
constructs were placed under selection with Puromycin 1 ug/mL at 24 h of transfection.
After three days, the antibiotic selection was removed and all selected cells were left on
the plate to recover. After 10-14 days, clonies were then FACs sorted for surviving cells
into 96 well plates. We also attempted to pick single colonies from plates treated with
puromycin and allowed to recover. The cells were seeded in 96-well plates for expansion

and screened by western blot.

2.6 Immunostaining, Fluorescence Imaging and co-localization analysis
For tubulin staining, cells on coverslips (Fisher, CAT# 12-542; Ted Pella, CAT#
260377-15) were washed in PBS, fixed for 10 min in 3.7% (wt/vol) PFA in PHEM buffer,
(60mM PIPES pH 6.8, 27 mM HEPES, 20mM EGTA, 16mM MgSOQ,), pH 7.0 with 10M
KOH, at room temperature, or 5 min in ice-cold Methanol. PFA fixed cells were then
permeabilized with 1% Triton X-100 in PBS for 10min before staining. For all other fixed

cell imaging, cells were washed in PBS, fixed for 5min in 3.7% (wt/vol) paraformaldehyde
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(PFA) in CSK buffer (1mM PIPES pH 6.8, 100mM NaCl, 300mM sucrose, 3mM MgCl,,
2mM EDTA) at room temperature, and permeabilized with 1% Triton X-100 in PBS
(Blocking Buffer) for 10min. DNA was detected with DAPI (Sigma Aldrich, CAT# D9542).

Following fixation and permeabilization, cells were blocked with 1% Donkey serum
(Sigma, CAT# D9663) in 0.2% PBS/tween. Cells were then incubated with appropriate
primary (Table A7) and secondary antibodies or dyes (Table A8/A9), diluted in blocking
buffer, for 45min at room temperature. Primary antibodies were detected with Alexa-Fluor
488/568/649-conjugated goat anti-mouse/rabbit secondary antibodies (Jackson
ImmunoResearch). Blocking and staining of cells with AlexaFluor® 488/568 streptavidin
(ThermoFisher Scientific, CAT# S-11223/s-11226) was done in (1%BSA/2%Triton X-100
in PBS). Coverslips were mounted using Vectashield (Vector Labs, CAT# H-1000).

All images were taken using a wide-field deconvolution-based fluorescence
microscope (DeltaVision CORE; Applied Precision, Issaquah, WA) equipped with a three-
dimensional motorized stage, temperature- and gas-controlled environmental chamber,
Xenon light source, and quantifiable laser module (for photobleaching EGFP). Images
were collected using either a 40X or 60X NA 1.4 Plan- Apochromat objective and
recorded with a CoolSNAP coupled-charge device (CCD) camera (Roper Scientific,
Trenton, NJ). The microscope was controlled by SoftWorX acquisition and deconvolution

software (Applied Precision).

2.7 Live Cell Imaging and Fluorescence Recovery after Photobleaching
(FRAP) experiments

For live cell imaging, cells were cultured in plastic-bottomed dishes (Ibidi,

CAT#81156), and DNA was stained by incubating the cells for 20 min in medium
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containing 0.25 ug/ml Hoechst No. 33342 (Sigma-Aldrich, CAT# H1399). All images were
taken using the DeltaVision CORE microscope (previously mentioned), using a 40X
objective.

For FRAP experiments, cells were cultured in glass-bottomed dishes (WilCo Wells,
CAT# HBSt-3522). Three single sections were imaged before photobleaching, a region of
interest (ROI) was then bleached to ~50% of its original intensity using the 488-nm laser,
and a rapid series of images was acquired after the photobleaching period. Recovery
curves were plotted and the mobile fraction and half time of recovery were determined

using Microsoft Excel and SoftWorX, respectively.

2.8 Super-resolution imaging — direct stochastic optical reconstruction
microscopy (dSTORM)

U20S cells seeded on 18x18 mm coverslips (size 1.5) were transfected for 18 hrs
to drive transient over expression of Specc1L-GFP. The cells were PFA-fixed and
permeabilized as usual, and then stained with anti-acetylated-alpha-tubulin and anti-
mouse-Alexa647. The coverslips were mounted in a 40% Vectashield, 60% Tris/glycerol
solution that has been shown to support efficient blinking of Alexa647(Olivier et al. 2013).

Images were acquired on a Quorum spinning disk confocal system (Quorum
Technologies) using a 63X/1.4NA objective, a Hamamatsu EM-CCD ImagEM camera
and the appropriate laser lines and filter sets. Initially, widefield and spinning disk
confocal images were acquired for both the Specc1L-GFP signal (490 nm laser and FITC
emission filter set) and the anti-acetylated-alpha-tubulin-Alexa647 signal (639 nm laser
and Cy5 emission filter set) using low laser power. A region of interest was then chosen

for super-resolution imaging, using the MetaMorph Single Molecule Resolution real time
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acquisition and analysis module (Molecular Devices LLC).

Stochastic activation of the Alexa647 fluorophores was achieved by firing the 639
nm laser at full power, which causes them to blink as they cycled through their ON/OFF
states. A series of 10,000 images was acquired, and a super-resolved image
reconstructed from the individual x-y localizations mapped in each image. This imaging
was carried out in the Cell Biology and Image Analysis Core Facility at the University of

Ottawa, under the guidance of imaging specialist Tong Zhang.

2.9 Preparation of Cell Extracts

Whole cell lysates were prepared by solubilizing cells with ice-cold RIPA buffer
(50mM Tris-HCI pH 7.5; 0.15 M NaCl; 1% (vol/vol) Nonidet P-40; 0.5% (wt/vol) sodium
deoxycholate; and protease inhibitor cocktail (Roche, Indianapolis, IN) directly after
washing it twice with PBS. Samples lysed in >500ul was sonicated for 1min and 30 sec at
25% amplitude, 10sec on/ 10sec off. Samples lysed in <500ul was passed through a
Qiashredder column (Qiagen) to shear DNA. In both cases lysates were cleared by
centrifugation at 2,800 x g for 10 min at 4°C. Lysates were separated on 4-12% Novex
Nu-PAGE bis-Tris polyacrylamine gels (Invitrogen, Carlsbad, CA) and transferred to
nitrocellulose membranes for immunoblotting.

For preparation of cytoplasmic and nuclear fractions, 5-10 x 15cm dishes of cells
were trypsinized, pelleted and washed with 1x PBS. Briefly, HeLa cells are resuspended
in 4mL of ice-cold swelling buffer (10mM Hepes pH 7.7, 1.5mM MgCl;, 10mM KCI,
0.5mM DTT) and incubated on ice for 5min. Cells are broken open to release nuclei
using a pre-chilled Dounce homogenizer (20 strokes with a tight pestle). Lysed cells are

centrifuged at 228 x g for 5min at 4°C to pellet the nuclei and other fragments. U20S
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cells are less amenable to douncing and require a different approach to release nuclei.
Pelleted U20S cells are resuspended in ice-cold mild detergent buffer (20mM Tris pH7.4,
10mM KCI, 3mM MgClz, 0.1% NP40, 10% Glycerol) for 10 min and centrifuged at 1350 x
g for 10 min at 4°C to break open cells, in order to release and pellet nuclei and other
fragments, with the supernatant retained as the cytoplasmic fraction. The supernatant is
retained as the cytoplasmic fraction, where 1mL of 5x ice-cold RIPA buffer is added and
cleared by centrifugation. The nuclear pellet, resuspended in 3mL of 0.25M
sucrose/10mM MgCl,, was layered over a 3mL cushion of 0.88M sucrose/0.5mM MgCl,)
and centrifuged at 2,800 x g for 10min at 4°C to obtain a cleaner nuclear pellet. The
nuclear pellet was resuspended in 5mL of RIPA buffer, sonicated and cleared as
described above.

In cases where we needed to fractionate our nuclear fraction further, the cleaner
nuclear pellet is resuspended in 0.35 M sucrose/0.5 mM MgClzand sonicated 6 x 10 sec
on ice (10 sec rest between pulses) to disrupt nuclei and release nucleoli, which are
visible as dense, refractile bodies. Additional sonication steps may be necessary. The
sonicate is layered over a 3 ml cushion of 0.88 M sucrose/0.5 mM MgClz2 and centrifuged
at 2800 g for 10 min at 4°C to pellet nucleoli and the supernatant was retained as the
nucleoplasmic fraction.

All solutions used in the fractionation, extraction and IP protocols are
supplemented with EDTA-free COMPLETE protease inhibitors (Roche) to minimize
protein degradation. As a divalent cation, in this case Mgz+, is required to maintain the
integrity of nucleoli during sonication, we use a chelator (EDTA)-free protease inhibitor
mixture (Muramatsu & Onishi 1978). Total protein concentrations are measured using a

Bradford Assay.
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210 Immunoblotting

For immunoblotting, nitrocellulose membranes were incubated in 5%
milk/0.01%Tween 20 in PBS blocking buffer, unless otherwise stated, for 1 hr at room
temperature on a shaking platform. The membrane was then incubated for 1hr at room
temperature on a shaking platform with the appropriate primary antibody, diluted in the
blocking buffer. The membrane was washed 3x for 5min each with PBS-0.01%Tween,
after which the membrane was incubated for 1 hr at room temperature on a shaking
platform with the appropriate secondary antibody. A full list of primary and secondary

antibodies, with the appropriate dilutions can be found in Table A7/A8.

2.11 Immunoaffinity purification of GFP-tagged and endogenous proteins
GFP immunoaffinity experiments were carried out on cells either stably or
transiently expressing FP-tagged protein.  Cells were lysed in RIPA buffer and first
precleared with Sepharose beads. For affinity purification of GFP- and mCh-tagged
proteins, extracts were incubated for 1 hr with end-over-end rotation at 4°C with either
GFP-Trap_A™ or RFP-Trap_A™, respectively (Chromotek, Martinsried, Germany). The
beads were washed 3x with PBS before use. For immunoprecipitation (IP) of endogenous
Mypt1 protein, Mypt1 antibody (Bethyl Lab, A300-888A) was covalently conjugated to
protein A Dynabeads (Invitrogen, 100.02D) at a concentration of 12.5 mg/50ul Dynabead
slurry. Covalently-conjugated affinity purified IgG (Sigma Aldrich, 18140) from the same
species (Rabbit) was used for the control IP. Following the 1 hr IP, the affinity matrix was
washed 3x with 1 mL of RIPA buffer/20 ul of beads. For efficient elution of bound

proteins, bead equivalent volume of RIPA buffer was added before the addition of 4x
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Laemmli sample buffer. The sample was then boiled at 95°C for 10 min before loading

the sample onto a pre-casted 4-12% acrylamide gel (Invitrogen).

212 Streptavidin affinity purification of biotinylated proteins from cells

overexpressing BiolD fusion proteins

Cells transiently transfected with the Myc-BiolD or BiolD-HA pcDNA3.1 constructs
were treated at the same time with 50uM biotin overnight. After 16 h the cells were
washed twice with PBS and lysed in ice-cold high salt RIPA buffer (50mM Tris-HCI pH
7.5; 0.5 M NaCl; 1% (vol/vol) Nonidet P-40; 0.5% (wt/vol) sodium deoxycholate; and
protease inhibitor cocktail (Roche, Indianapolis, IN)). Samples lysed in >500 ul was
sonicated for 1 min and 30 sec at a 25% amplitude, 10sec on/ 10sec off. Samples lysed
in <500 ul was passed through a Qiashredder column (Qiagen) to shear DNA. In both
cases lysates were cleared by centrifugation at 14,000 x g for 10 min at 4°C. For
streptavidin affinity purification (AP), extracts were incubated for 4 hrs with end-over-end
rotation at 4°C with 40 wl/15 cm dish of Streptavidin agarose beads (Thermo Fisher,
CAT# 20359). The beads were washed with 3x with PBS before use. Following the 4 h
AP, the affinity matrix was washed 3x with 1mL of high salt RIPA buffer/40ul of beads.
For efficient elution of bound proteins, bead equivalent volume of 2x Laemmli sample
buffer containing 30 uM excess biotin was added to the beads. The sample was then
boiled at 95°C for 10 min before loading the sample onto a pre-casted 4-12% acrylamide

gel (Invitrogen).
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2.13 Metabolic Labeling for Quantitative Interactome Mapping

Quantitative stable isotope labeling with amino acids in cell culture (SILAC) based
affinity purification experiments were carried out as previously described (Trinkle-Mulcahy
et al. 2008). For double encoding experiment, cells were encoded in media containing
either “light” media containing 12C-isotopes of L-arginine (84 ug/mL) and L- lysine (146

ug/mL) (Sigma-Aldrich, Oakville, ON) and “medium” media containing L-arginine”’C and

13C/15N 13C/15N

L-lysine 4,4,5,5-D4/ or “heavy” media containing L-arginine and L-lysine
(Cambridge Isotope Laboratories, Andover, MA). For triple encoding experiments, all
three medias were utilized. The amino acid concentrations are based on the formula for
normal DMEM (Invitrogen). Once prepared, the SILAC media was mixed well, filtered
through a 0.22 um filter (Millipore) using a suction pump, and stored at 4°C.

Protein purifications were carried out separately. The extracts were incubated with
their affinity matrix, after which they were removed and washed once with ice-cold RIPA
buffer. Following the first wash, the control and experimental beads were carefully
combined and washed an additional three times with ice-cold RIPA buffer. To ensure
efficient elution of bound proteins, a bead equivalent volume of 1% SDS (or 2% SDS with
30 uM biotin, in the case of BiolD-SILAC experiments) was added. The matrix was then
boiled for 10 min followed by adding a 4x volume of dH,O and boiled for an additional 10
min. The samples were vortexed and the solution removed and reduced to the original
bead-equivalent volume (and 1% SDS concentration) using a speedvac. Proteins in
solution were then reduced, by the addition of 10 mM DTT (boiled for 10 min), and

alkylated, with the addition of 50 mM iodoacetamide (incubated at room temperature in

the dark for 30 min). A small aliquot of Laemmli sample buffer was added to protein
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solution, boiled for 10 min and separated by running halfway down NuPAGE 10% Bis-Tris
gels. Gels were coomassie stained (Invitrogen), as per manufactures protocol, and
destained overnight before excision of gel slices. The gel slices were further destained
and peptides were extracted from the gel slices after an overnight digestion using 10
ug/ml trypsin solution (enough to cover the gel pieces), and prepared for mass

spectrometry (MS) analysis.

2.14 Mass Spectrometry and Data Analysis

An aliquot of the tryptic digest (prepared in 1% Formic Acid) was analyzed by LC-
MS/MS (liquid chromatography — tandem mass spectrometry) on an UltiMate 3000 RSLC
nano HPLC (Dionex) and an LTQ-Orbitrap XL hybrid mass spectrometer with nanospray
ionization source (Thermo Scientific) at the OHRI Proteomics Core Facility (Ottawa,
Canada). The system was controlled by Xcalibur software version 2.0.7 (Thermo
Scientific). Peptides were loaded onto a C18 CapTrap column (Michrom) for 5 min at a
flow rate of 15 uL/min and then eluted over a 60 min gradient of 3%-5% acetonitrile with
0.1% formic acid at a flow rate of 0.3 microlitres per minute onto a 10 cm long column
with integrated emitter tip (Picofrit PF360-75-15-N-5, New Objective packed with Zorbax
SB-C18, 5 micron, Agilent), and nanosprayed into the mass spectrometer. MS scans
were acquired in FTMS mode at a resolution setting of 60,000. MS/MS scans were
acquired in ion trap CID mode using data-dependent acquisition of the top 5 ions from
each MS scan. Database searching (against the human IPI database v3.68; 87,061
entries) and quantitation were performed using MaxQuant software v1.2.7.4 or v1.5.5.1
and the Andromeda search engine(Cox et al. 2009; Cox et al. 2011). The following

criteria were used: peptide tolerance = 10 ppm, trypsin as the enzyme (2 missed
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cleavages allowed) and carboxyamidomethylation of cysteine as a fixed modification.
Variable modifications were oxidation of methionine and N-terminal acetylation. Medium
SILAC labels were Arg6 and Lys4 and heavy SILAC labels were Arg10 and Lys8.
Minimum ratio count was 2 and quantitation was based on razor and unique peptides.

Peptide and protein FDR was 0.01.

2.15 His-tagged Protein Purification

Recombinant 6x His-tagged Specci1L fragments were transformed in BL-21 cells.
Briefly, the constructs were mixed with 50ul of bacteria on ice for 20min, heat-shocked for
45sec at 42°C, cooled on ice and incubated at 37°C with 1mL of LB. The transformation
was then plated on respective antibiotic resistant plates overnight at 37°C. LB was
inoculated with a colony and grown up into a larger culture (500mL) and induced with
0.5mM IPTG once the ODggo reached ~0.5. The induced culture was left overnight
shaking at 16°C. The following day the culture was pelleted, resuspended in buffer (20
mM Tris pH 7.5, 250 mM NaCl, 10 mM Imidazole). 1 mg/mL of Lyzozyme was added
and incubated on ice for 30 min, followed by sonication (30 sec on/off for 2 min) to further
lyse the samples. The cell debris was pelleted, and the lysate was incubated with 100 ul
of Ni** -NTA agarose beads (Qiagen, 1018244)/ 5 mL of cell lysate (beads were washed
2x with PBS and 3x with Equilibration buffer (20 mM Tris pH7.5 and 0.5 M NaCl) with 2x
the bead volume each time) at 4°C for 1 hr on end-over-end rotation. The beads were
pelleted and washed 3x in buffer (20 mM Tris pH7.5, 0.5 M NaCl, and 20 mM Imidazole).
The His-tagged proteins were eluted with elution buffer (20mM Tris pH7.5, 0.5M NacCl,
and 300mM Imidazole) at 500 ul increments. Eluted proteins were dialyzed in TGEM

buffer (20 mM Tris-HCI pH7.9, 0.1 M NaCl, 20% glycerol, 1mM EDTA, 5 mM MgCl,, 0.1%
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NP-40, 0.2 mM PMSF) for in test tube IPs. After dialysis 1 mM DTT was added before

the IP experiment.

2.16 GST-tagged Protein Purification

GST-tagged Mypt1 (CD) and MyptN98 fragment was transformed in Rosetta™
cells. Briefly, the constructs were mixed with 50 yl of bacteria on ice for 20 min, heat-
shocked for 45 sec at 42°C, cooled on ice and incubated at 37°C with 1 mL of LB. The
transformation was then plated on respective antibiotic resistant plates overnight at 37°C.
LB was inoculated with a colony and grown up into a larger culture (500 mL) and induced
with 0.2 mM-0.5 mM IPTG once the ODeggo reached ~0.5. The induced culture was left
overnight shaking at 16°C. The following day the culture was pelleted, resuspended in
buffer (50 mM Tris pH 8.0, 2 mM EDTA pH 8.0, 0.1% BME, and protease inhibitor
cocktail (ROCHE)), and lysed by sonication (30 secs on/off for 2min). Samples were
centrifuged at 40,000 x g and the lysate was incubated with 500 ul of Glutathione
sepharose beads (GE Healthcare, CAT#17-0756-01) (beads were pre-washed 2x with
PBS and equilibrated 3x with Equilibration buffer (20 mM Tris pH7.5, 0.25 M NaCl, 2 mM
EDTA, 2 mM EGTA, 1% Triton X-100) with twice the bead volume each time) at 4°C for 1
hr on end-over-end rotation, after the addition of NaCl at a final concentration of 0.25 M.
The beads were pelleted and washed 3x in buffer (20 mM Tris pH7.5, 0.25 M NaCl, 2 mM
EDTA, 2 mM EGTA) with 5x the bead volume each time. GST-Mypt1(CD) was eluted
using 10 mL of wash buffer containing 61 mg of reduced glutathione and 13 ul of 10 M
NaOH (pH 8.0). The eluted protein was dialyzed in TGEM buffer (20 mM Tris-HCI pH 7.9,
0.1 M NaCl, 20% glycerol, 1 mM EDTA, 5 mM MgCly, 0.1% NP-40, 0.2 mM PMSF) for in

test tube IPs. After dialysis 1 mM DTT was added before the IP experiment.
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For GST-MyptN98, 50 units of Thrombin (GE Healthcare, CAT# 27-0846-01) was
added to ~500 ul of Glutathione sepharose beads (resuspended in 500 ul of Wash buffer)
and incubated at 30°C for 45 min on a thermomixer (Eppendorf) shaking at 1300 rpm. To
remove the thrombin, the eluted protein lysate was treated with 80ul bead volume of
Benzamidine agarose (Sigma, CAT# A7155) for 30 min at room temperature on a
thermomixer shaking at 1300rpm. The purified lysate was sent to Medimabs (Montreal,
Canada) where the purified MyptN98 was injected into rabbits. Titers of 1:100,000 were
obtained in two rabbits, after which they proceeded with boost immunization, production
bleeding and final bleeding. Once we received the crude sera, we affinity purified the
antibody using our purified MyptN98 antigen coupled to CNBr- Sepharose beads. Briefly,
0.3 ug of Freeze-dried Sepharose (SIGMA) was rehydrated in ice-cold 10 mM HCI (6x
10mL washes). The CNBr-sepharose was washed once in CNBr coupling buffer (0.1 M
Na,COs, 0.5 NaCl pH 8.3) After the last wash, the beads were vaccum dried till the
column cracked, and incubated with our purified MyptN98 (dialyzed into CNBr coupling
buffer) for 2 hrs at room temperature. Remaining active groups on column were blocked
by the addition of 6 mL of coupling buffer plus 0.2 M glycine for 2 hrs at room
temperature. Excess protein was washed off by 4x washes of alternating coupling buffer
(5 mL) and then acetate buffer (5 mL). This was followed by three additional washes of
coupling buffer. The beads were then washed with 15 mL of TBST (20 mM Tris, 150 mM
NaCl, 0.1% Tween-20, pH 7.5). 10 mL of the final bleed sera was diluted with 40 mL of
TBS-T and filtered with a 0.22 um syringe filter. The Sera was then loaded on the CNBr
column (now coupled to the Mypt1N98 protein) and then subsequently washed with 20

mM Tris, 0.4 M NaCl, pH 7.5 to eliminate the non-specifically bound proteins. The

54



antibody was eluted with 10 mL of 50 mM Glycine, pH 2.5, and collected in 1 mL fractions
in eppendorf tubes containing 50 ul of 1.5M Tris, pH 8.8 to bring the pH back up to 7
quickly. The protein concentration was then checked by the Bradford assay. The purified
antibody was tested by western blot analysis by pre-incubating the purified antibody with
the Mypt1/N98 antigen, before using it on a western blot to detect endogenous Mypt1.
The antibody was also tested for immuoprecipitation assays when conjugated to protein

A Dynabeads.

217 Far Western Blot

Purified recombinant His-tagged SpecciL fragments (6 ug each) were
electrophoresed and transferred to nitrocellulose membrane (as previously described).
The membrane was incubated overnight with 10% milk (in PBS + 0.5 % Tween) to block
nonspecific binding sites and washed 3x with PBS/0.5%Tween, then 1x with PBS, before
it was overlaid with 5 ug purified recombinant GST-Mypt (CD) or purified GST in 5 mL of
1mg/mL BSA/PBS solution. Primary anti-GST (Thermo, CAT# PA1-982A), with a
secondary mouse-HRP antibody was used to detect the GST and GST-Mypt1

interactions.

2.18 In vitro Co-immunoprecipitation

Purified recombinant HisSpecc1LACD was combined with immobilized GST and
GST-Mypt1(CD) on Glutathione agarose beads in vitro. Briefly, 1.6 ug of GST and GST-
Mypt1(CD) was immobilized on 10ul Glutathione Agarose beads (pre-washed in TGEM
buffer), where the bead/purified protein was brought up to 80 ul in TGEM buffer and

incubated for 2 hrs on the thermomixer at 4°C. The immobilized GST and GST-Mypt1

55



(CD) was incubated with 1.6 ug of HisSpecc1LACD in a pulldown assay separated on a
SDS-PAGE gel, transferred to nitrocellulose and detected with an anti-His antibody to
detect the Specci1lL fragment. The blot was stripped and detected with an anti-GST

antibody to confirm the presence of GST and GST-Mypt1(CD).

2.19 Microtubule Binding Protein Spin-down Assay

The Microtubule Binding Protein Spin-down assay was performed according to
manufacturers’ protocol (Cytoskeleton, CAT# BK029). Briefly, stabilized microtubules
were prepared by incubating a 20 ul aliquot of Tubulin protein (5 mg/mL) at 35°C with 2 ul
of Cushion Buffer (80 mM PIPES pH7.0, 1 mM MgCl,, 1 mM EGTA, 60 % glycerol) for 20
min on ice. 2 ul of 2 mM Taxol was added to 200 ul of preheated (at 35°C) General
Tubulin Buffer (80 mM PIPES pH 7.0, 2 mM MgCl;, 0.5 mM EGTA), which was
immediately added to the MTs after the 20 min incubation on ice. The sample was gently
and thoroughly mixed and left at room temperature, allowing the MTs to stabilize. 20 ul of
the stable microtubules were then mixed with either Bovine serum albumin (BSA), MAP
fraction, or our test protein (2-5 ug) according to the manufacturers’ protocol. After a
30min incubation the samples were carefully pipetted onto 100 ul of Cushion Buffer (1 mL
containing 10 ul of 2 mM Taxol) and centrifuged at 100, 000 x g at room temperature for
40 min. The uppermost supernatant layer (50 ul) was removed and added to 16.7 ul of
4x Laemmli sample buffer. The remaining supernatant was removed and disposed of.
The pellet was resuspended in 66.7 ul of 1x Laemmli sample Buffer. 20 ul of the

supernatant and pellet sample were run on an SDS- PAGE gel.
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CHAPTER 3: Assembly of a comprehensive map of PP1 isoform
distribution in holoenzyme complexes reveals overlapping
associations and distinct preferences and identifies novel binding

partners

Loss of function and biochemical studies of individual PP1 genes in eukaryotic
organisms suggest some level of compensation but also highlight distinct phenotypes
associated with the disruption of a single gene (Korrodi-Gregério et al. 2014). Although
evolutionary conserved in their catalytic domain, the significant variability in their amino-
and carboxyl-terminal sequences of the PP1 genes likely determines any unique
functions, with certain regulatory subunits showing preferential association with a
particular subunit (Scotto-Lavino et al. 2010; Ferrar et al. 2012; Trinkle-Mulcahy et al.
2006; Chamousset, De Wever, et al. 2010). This reinforces the importance of a better
understanding of the distribution of the PP1 isoforms between these regulatory subunits,
which confer the subcellular localization and function of the phosphatase (Brush et al.
2003; Trinkle-Mulcahy et al. 2001; Trinkle-Mulcahy et al. 2003; Lesage et al. 2007).

Analysis of the individual PP1 isoforms is complicated by the lack of specific and
robust reagents. Our lab and others have tested a range of commercial “isoform-specific”
antibodies against PP1 isoform fusion proteins and demonstrated varying degrees of
cross-reactivity for all of them (Trinkle-Mulcahy et al. 2003; Lesage et al. 2004). In
addition, none are sufficiently robust or reliable for immunoprecipitation or
immunofluorescence analysis. Having confirmed that GFP-tagged PP1 isoforms are
active phosphatases that associate with known regulatory subunits (Trinkle-Mulcahy et al.

2001; Trinkle-Mulcahy et al. 2003), we established a collection of cell lines that stably
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express them at very low levels and adapted this as our method of choice for analyzing
each one independently, both by imaging and by proteomic analysis. This allows us to
define their distinct and dynamic localization patterns and the interaction networks that
underlie their subcellular distributions. As presented below, the comprehensive PP1
isoform distribution map that we have assembled in multiple cell lines has enabled the
identification of new signaling hubs, confirmed previous results linking PP1 activity to
certain cellular structures/pathways, and identified new functional roles for the

phosphatase.

3.1 The PP1 isoforms are more equally distributed between the cytoplasm
and nucleus than the predominantly cytoplasmic PP2 family
phosphatases

Serine/threonine protein phosphatases have been linked to the regulation of
signaling pathways throughout the cell, with PP1 believed to play a prominent role in
nuclear events (Moorhead et al. 2007). We first assessed its subcellular distribution using

a combination of cell fractionation and quantitative mass spectrometry. Specifically,

U20S cells were differentially labeled by passaging for 7-10 days in “Light” and “Heavy”

SILAC media, at which point the cells were harvested and fractionated into cytoplasm

(CP) and nuclei (NUC) using a detergent-based method that we had previously optimized

for this cell type (Chamousset, Mamane, et al. 2010; Fox et al. 2015) (Figure 3.1A). This

allowed us to directly compare the distribution of all identified proteins between the two
compartments, by combining cell equivalent volumes of Heavy CP and Light NUC extract
for LC-MS/MS analysis and MaxQuant-based quantitation of H:L ratios (i.e. CP:NUC

distribution). To reduce sample complexity and increase coverage, the combined sample

58



A B

U20S Cells 8 b
o
L | | | )
[LightAAsT  [Heavy AAs| 6 P _
Harvest cells * §
and fractionate 4 1 Eo-Tubulin
Combine cell equivalent volumes - PR2GA APF%SFQA
of light Nuclear (NUC) lysate with T2 PRS A TTX
heavy Cytoplasmic (CP) lysate -g PPIB
for identification and quantitation &“ 0 r T T pp 8 ‘OPPTa T j '
by LC-MS/MS ~ ¥
-2 o
| 3
More with ~ More with ~ Equal - i Lamin A/C
NUC CP Distribution 4 8 D
z
2z -6 2 l
= 5
=
8 8 ;
£ | | | | 0.001 0.01 0.1 1 10 100 1000 10000
L H Relative Abundance
m/z
C D Distribution of endogenous PP1 Isoforms  Distribution of endogenous PP1 Isoforms
in U20S subcellular fractions in HeLa subcellular fractions
U20S HelLa 100 100
CPNPNo CPNPNo 90 I PP1a 9 PP1a
|-—— | l—- |PP’]0( 80 I pP1g 80 & PP1B
|—-— . | |-— |PP1[5 _ 0 I PP1y B 70 [ PP1y
S 60 8 60
|--_| |--|PP1Y ;(:50 [ l '::50
| - ‘ | = |Lamin A/C ” * I
== . ]
— - - Tubulin 10 i 10
: | I : |
Cytoplasmic Nucleoplasmic  Nucleolar Cytoplasmic Nucleoplasmic  Nucleolar
(CP) (NP) (No) (CP) (NP) (No)

Figure 3.1. PP1 isoforms exhibit a more equal cytoplasmic/nuclear distribution compared to other type
2 serine/threonine phosphatases. A. Design of quantitative subcellular proteome mapping experiment
directly comparing the distribution of proteins between cell equivalent volumes of Nuclear (NUC; ROKO) and
Cytoplasmic (CP; R6K4) U20S extracts. B. Plotting log2 H:L ratio (CP:NUC distribution) vs. relative abun-
dance (normalized intensities) for each identified protein highlights the distribution of the three PP1 isoforms
relative to other type 2 serine/theronine phosphatases. Common CP (a-tubulin) and NUC (Lamin A/C)
markers distributed as expected, confirming the extraction efficiency. C. Stringently validated PP1 isoform-
specific antibodies were utilized for Western blot analysis to assess the distribution of PP1a, § and y between
Cytoplasmic (CP), Nucleoplasmic (NP) and Nucleolar (No) extracts from U20S and HeLa cells. CP (Tubulin),
NP (Lamin A/C) and No (RNA Pol I; A190) markers confirmed the extraction efficiency. D. Quantitation of the
data in (C), plotted as mean + SE for three biological replicates.
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was first separated by 1D SDS-PAGE and the entire gel lane cut into 5 slices for in-gel
trypsin digestion. Aliquots were injected onto a Thermo Orbitrap mass spectrometer, and
the resulting raw data files analyzed using MaxQuant 1.2.7.4, for both protein
identification (via the Andromeda search engine) and quantitation of H:L ratios and total
peptide intensities. All 5 slices were analyzed as a concatenated dataset, and >1100
proteins identified/quantified. Although this is not full coverage of the human cellular
proteome, we did identify/quantify all three PP1 isoforms plus several PP2 family
members.

The full dataset was plotted as log(2) Ratio H:L vs. Relative Abundance (Figure
3.1B). Given that a log Ratio of 0 represents equal distribution (ratio 1:1) between CP and
NUC, we chose a threshold of 1 log above/ below this value (i.e. 2-fold enrichment in
either direction) to classify proteins as CP-enriched (53%), NUC-enriched (33%) or
equally distributed (14%). As expected, the commonly utilized CP marker, a-tubulin, was
strongly CP-enriched (log(2) H:L = 3.82), while the commonly utilized NUC marker, Lamin
A/C, was strongly NUC-enriched (log(2) H:L = -3.94). Other protein families were found
enriched in the expected fractions, such as the CP myosin/tubulins/filament
proteins/GAPDH and the NUC histones/hnRNPs/splicing factors.

The distribution of identified Ser/Thr phosphatases between the two subcellular
fractions is highlighted on the graph (Figure 3.1B). In general, PP2 family phosphatases
(PP2A, PP2B, PP2C and PP5) were all enriched >2-fold in the CP fraction. We also
identified four PP2A regulator subunits in our dataset (PPP2R1A/1B, PPP2R2A and
PPP2R4), which were also enriched in the CP fraction. In contrast, the PP1 isoforms

were found to be more equally distributed, with log2 H:L ratios of -0.33, 0.015 and -0.84,
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for PP1a, PP1p and PP1y, respectively. Thus, although type 1 and type 2 ser/thr
phosphatases have been linked to both cytoplasmic and nuclear roles, PP1 holoenzyme
activity is distributed more equally between these subcellular compartments in
comparison to the PP2 family members.

At this time, in-house PP1 isoform-specific antibodies became available through a
collaborator, Dr. Greg Moorhead, at the University of Calgary. We tested them against
expressed fusion proteins and concluded that they showed minimal cross-reactivity in
Western blot assays, provided the anti-PP1a antibody was first cross-absorbed with the
PP1p immunogenic peptide (Ferrar et al. 2012). Unfortunately, they were not sufficiently
robust or reliable for immunoprecipitation or immunofluorescence assays.

They did, however, allow us to compare the distribution of each PP1 isoform
between subcellular fractions by Western blotting. For these experiments, we further
fractionated the purified nuclei into nucleoplasmic and nucleolar fractions. Previous
studies had demonstrated accumulation of PP13 and PP1y with the nucleolus, a
subnuclear organelle implicated in a range of key roles including regulation of ribosome
biogenesis, stress sensing and cell cycle progression. It should be noted that PP1a. is not
excluded from nucleoli, but does not accumulate there to the same extent as the other
isoforms (Lesage et al. 2005; Trinkle-Mulcahy et al. 2001; Trinkle-Mulcahy et al. 2006;
Chamousset, De Wever, et al. 2010; Andreassen et al. 1998). While a-tubulin remained
our CP marker and Lamin A/C our nuclear marker, we added the RNA Pol | subunit A190
as our nucleolar marker.

Figure 3.1C summarizes the distribution of the three PP1 isoforms between CP,

NUC and nucleolar (No) fractions prepared from U20S and Hela cells. The
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fractionations were repeated three times for each cell line and the Western blots imaged
and analyzed using a FUJI LAS-4000 chemiluminescence imager and MultiGauge
software (GE Healthcare). Briefly, the intensity/area (- background) of the isoform band in
each subcellular fraction was measured and represented as a fraction of the summed
intensity/area of all the fractions (Figure 3.1D).

We first compared the distribution of the isoforms between the Cytoplasm and
Nucleus (in this case, the summed NP and No fractions) in U20S cells, and found that it
was consistent with the pattern observed by MS analysis. Specifically, PP1f is more
cytoplasmic (63.3 = 5.75% CP) and PP1y more nuclear (40.8 + 4.38% CP), while PP1a is
equally distributed (50.9 + 7.09% CP). The nucleolar fractions were also consistent with
previous observations, representing 1.5 = 0.35% of total PP1a, 5.0 + 1.0% of total PP1p
and 20.7 = 3.32% of total PP1y.

We next tested whether these distribution patterns are cell type- or fractionation
method-specific by mapping them in HelLa cell fractions. We chose HelLa cells because
they are amenable to an alternate fractionation strategy based on Dounce
homogenization to physically break open cells (Fox et al. 2015). Using the same
quantitation strategy, a similar trend was observed (Figure 3.1D), with PP1p more
cytoplasmic (65.5% = 4.07% CP), PP1y more nuclear (37.5 + 8.15% CP) and PP1a more
equally distributed (44.1 £ 0.75% CP). With regard to nucleolar pools, they represent 1.3
+ 0.16% of total PP1a, 4.1 + 0.45% of total PP1p and 22.3 + 4.09 % of total PP1y. This is
the first time that a high stringency analysis has been carried out on the distribution of
individual PP1 isoforms throughout the cell, confirming that PP1y likely represents the

predominant nucleolar phosphatase activity, as previously suggested (Trinkle-Mulcahy et
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al. 2003). Given the importance of a homeostatic balance of phosphatase activity
throughout the cell and the consequent potential for overexpression artefacts, it also
provides us with a baseline against which the behavior of molecular reporters for these

proteins can be measured.

3.2 Stably overexpressed GFP-tagged PP1 isoforms show similar

subcellular distribution patterns to their endogenous counterparts.

In order to map isoform-specific interactomes for the three PP1 isoforms, we
needed to adopt a fusion protein approach that is compatible with both imaging (to
confirm in vivo localization patterns) and affinity purification (for Western blot and AP/MS
analysis). We chose the GFP tag, as we had previously validated it as an ideal affinity
tag based on the minimal non-specific binding of GFP to cellular proteins and the ability
to efficiently deplete GFP-tagged proteins from cell extracts using the high affinity GFP-
Trap agarose matrix (Trinkle-Mulcahy et al. 2008). This reagent is based on the GFP
binder (Rothbauer et al. 2008), a 13 kD protein derived from a Llama heavy chain
antibody that binds with high affinity and specificity to GFP. We had previously used GFP
tagging to compare the localization patterns of transiently (Trinkle-Mulcahy et al. 2001)
and stably (Trinkle-Mulcahy et al. 2003; Trinkle-Mulcahy et al. 2006) overexpressed PP1
isoforms, and to identify novel nuclear binding partners for PP1a and PP1y (Trinkle-
Mulcahy et al. 2006; Chamousset, De Wever, et al. 2010). Our work confirmed that cells
cannot tolerate transient overexpression of high levels of PP1 fusion proteins (Trinkle-
Mulcahy et al. 2001), but stable overexpression of full-length and functional tagged PP1
isoforms at very low levels is achievable in certain cell lines (Trinkle-Mulcahy et al. 2003;

Trinkle-Mulcahy et al. 2006). It has been suggested that the regulatory subunits are found
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in excess of the catalytic subunits in cells, which would explain this ability to adapt to
increased phosphatase levels (Heroes et al. 2013).

Our previous work had been limited to the o and vy isoforms, as we found that
PP1p was more susceptible to degradation, particularly if the GFP tag is fused to the N-
terminus. In order to compare all three directly in an AP/MS experiment, we first obtained
GFP-PP1 isoform HelLa stable cell lines from the Hyman Lab (Dresden, Germany)
generated using the Bacterial Artificial Chromosome (BAC) strategy (Zhang et al. 1998;
Poser et al. 2008). As detailed in Figure. 3.2A(l), the BAC constructs, randomly integrated
into the genome by antibiotic selection, drive the expression of GFP-tagged proteins
under the control of their endogenous promoters. This minimizes overexpression
artefacts, although it is an overexpression as the endogenous protein is still expressed.
We screened both N- and C-terminally tagged fusion proteins using the workflow detailed
in Figure 3.2A(lll), confirming that N-terminally tagged PP1a and y and C-terminally
tagged PP1p are full-length, active phosphatases that associate with known binding
partners in their respective stable cell lines. It should be noted that the PP1a and PP1y
BAC constructs contain the human genes, whereas the PP13 BAC construct contains the
mouse gene. This is not an issue at the protein level, as mouse and human PP1f share
100% amino acid (94% nucleotide) identity.

Live cell fluorescence imaging was used to assess the localization of the GFP-
tagged PP1 isoforms in HeLa/BAC stable cell lines in which the nucleus was stained with
the cell permeable dye Hoechst 33342 (Figure 3.2B). The distinct patterns approximated
those previously observed for low levels of transient or stable overexpression (Trinkle-

Mulcahy et al. 2006; Trinkle-Mulcahy et al. 2001; Trinkle-Mulcahy et al. 2003), and for
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isoforms (green) in live MCF7/cDNA lines. Western blot analysis mapped the isoforms’ distributions between Cyto-
plasmic (CP) and Nuclear (NUC) extracts in the HeLa (D) and MCF7 (E) cell lines.
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endogenous PP1 isoforms stained with antibodies in fixed cells in an early study
(Andreassen et al. 1998). Our first observation was that PP1a is expressed at much
higher levels, as we had to increase the exposure time when imaging the PP13 and PP 1y
fusion proteins. When acquisition parameters optimized for GFP-PP1a imaging were
utilized with the PP1p-GFP and GFP-PP1y cell lines and the resulting intensities
displayed on the same scale, their GFP signals were not detected (Appendix Il |, Figure
A.1). Given that they are under the control of their endogenous promoters, this suggests
that PP1a is the most highly expressed PP1 isoform, at least in HeLa cells. We
confirmed this by quantitation of the level of each fusion protein on a Western blot relative
to a tubulin loading control (Figure 3.2D). Cells were fractionated for preparation of CP
and NUC extracts using our Dounce-based strategy and the fusion proteins monitored
with anti-GFP antibodies. The CP and NUC markers were a-tubulin and Lamin A/C,
respectively. Quantitation of three biological replicates showed that the total level of
GFP-PP1a (CP + NUC) is approximately 1.5x that of PP13-GFP and 2x that of GFP-
PP1y. Quantitation of their CP/NUC distributions showed that the amount in the CP
fraction was higher than normal for all three cell lines, although the trends were
maintained (mPP1p-GFP 78.1 £ 5.9% CP, GFP-hPP1a 72.5 £ 1.9% CP and hPP1y-GFP
65.8 £ 4.2% CP).

We also generated MCF7 cell lines stably overexpressing GFP-tagged PP1a,
PP1p and PP1y (all human genes) by random integration of plasmids in which a CMV
promoter drives fusion protein expression (Figure 3.2A(ll)). Although unstable in HelLa
cells when incorporated in this way, as previously noted, we had found that PP1p-GFP

was expressed as a full-length fusion protein in U20S cells (Chamousset, De Wever, et
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al. 2010), and fortunately the same was observed in MCF7 cells. Fluorescence imaging of
live Hoechst-stained cells confirmed the expected localization patterns for the individual
isoforms (Figure 3.2C), with GFP-tagged PP1 showing a more evident accumulation in
nucleoli than it did in the HeLa/BAC stable line.

Cells were next fractionated for preparation of CP and NUC extracts. We tested
several methods with this cell line, and although none were ideal, the best was the
detergent method that we use for U20S cells. Carryover of tubulin into the NUC fraction
(Figure 3.2E) suggests inefficient cell lysis, however the in vivo localization data

supported the expected distribution patterns for the isoforms.

3.3 The three PP1 isoforms show both overlapping and a preference of

association with known targeting subunits

The HelLa/BAC and MCF7/cDNA GFP-tagged PP1 stable cell lines provided, for
the first time, the opportunity to directly compare the distribution of the isoforms in
complexes throughout the cell. We decided to do this by differentially labeling the three
isoform cell lines with Light, Medium and Heavy amino acids, to directly compare the
L:M:H ratios of all identified interactors (Figure 3.3A). A caveat of this approach is that
some genuine interactors that associate with more than one PP1 isoform will end up
buried in the cluster of proteins around a ratio of 1:1:1, which includes those that bind
non-specifically to the beads. We can, however, annotate the datasets to highlight all
known/predicted regulatory subunits and compare their distributions between the
isoforms.

To reduce sample complexity and increase coverage, we fractionated the

isotopically labeled HeLa/BAC and MCF7 stable cell lines for preparation of CP and NUC
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extracts, and performed the pulldown experiments on these extracts. After an initial RIPA
wash, the three sets of GFP-Trap beads (Light/PP1a, Medium/PP1p3, Heavy/PP1y) from
the same extracts (either CP or NUC) were combined and washed, and all captured
proteins eluted using 1% SDS for separation by 1D SDS-PAGE. The entire CP and NUC
gel lanes were cut into 5 slices, each for in-gel trypsin digest, and an aliquot of the tryptic
digest was sent to the MS facility for analysis on a Thermo Orbitrap System. Using the
MaxQuant (Version 1.5.5.1) software, which utilizes a built-in search engine (Andromeda)
for protein identification, we assembled CP and NUC datasets for both cell lines with H:L
(y:a), M:L (B:a) and H:M (y:B) ratios calculated for each protein.

In the BAC/HeLa experiment we identified/quantified 243 CP and 421 NUC
proteins, including GFP and the three PP1 isoforms that we pulled down. The GFP
distribution confirmed that more PP1a was captured, as expected, given that at least 2-
fold more is expressed compared to the other isoforms. We therefore related the
distribution of targeting subunits to the amount of GFP captured, as it is the most
accurate reflection of the amount of each isoform that was pulled down. In the
MCF7/cDNA experiment we identified/quantified 245 CP and 714 NUC proteins, including
GFP and the three PP1 isoforms. Similar to our HeLa/BAC experiment, a higher amount
of GFP-PP1a was captured compared to the other two isoforms, and we again used GFP
as our internal reference.

Annotating the data sets manually allowed us to highlight all known and predicted
regulatory subunits identified in both subcellular fractions (Figure 3.3B). Some like Mypt2
and SH2D4A, were identified in only one cell type, which likely indicates differences in

their expression levels in the two cell types. For those identified in both cell lines, most
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tion of known PP1 regulatory proteins between the three
isoforms. A. Strategy utilized to directly compare the Cytoplas-
mic (CP) and Nuclear (NUC) interactomes of GFP-tagged
PP1a, p and y stably expressed in HeLa/BAC and MCF7/cDNA
cell lines. B. Tables summarize known and predicted PP1 reg-
ulatory proteins identified in the screens, with number of
peptides identified and isoform preferences indicated. C.
Western blot analysis of GFP-PP1 isoform IPs from HeLa/BAC
whole cell extracts, using antibodies against select interactors.
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had more peptides found in the MCF7/cDNA experiment, which is consistent with higher
levels of GFP-PP1 expression levels increasing the sensitivity of detection of binding
partners. Of the regulatory subunits identified, some showed the expected isoform
preference (e.g. Mypt1 family (Scotto-Lavino et al. 2010), TPRN (Ferrar et al. 2012)), and
some the expected compartment specificity (e.g. URI1 (Djouder et al. 2007), Repo-Man
(Trinkle-Mulcahy et al. 2006). The identification of proteins in unpredicted compartments
is likely due to fractionation artefacts, which we have observed previously. For example,
both tagged and endogenous Taperin are predominantly nuclear in live and fixed cells,
yet the majority ends up in the cytoplasmic extract, indicating that it is lost from the
nucleus during fractionation (Ferrar et al. 2012). The detection of a particular complex in
the CP or NUC is therefore simply a starting point for our analysis, with follow-up
experiments required to determine the in vivo localization. As an example, we cloned a
large number of the known/predicted targeting subunits for expression in cells as GFP
fusions (Figure 3.4). This highlights the diversity of PP1 complexes distributed
throughout the CP and NUC of the interphase cell. It also demonstrates that most of
these regulatory subunits localize to the subcellular fraction in which they were identified
by MS, with the exception of a select few such as TPRN.

With several regulatory subunits showing association with all three isoforms, we
carried out follow-up validation experiments by AP/WB. GFP-tagged PP1 isoforms were
pulled down from HelLa/BAC whole cell extracts, and a panel of known regulatory
subunits assessed using specific antibodies. This confirmed that PNUTS, SDS22 and

NIPP1 interact with all three PP1 isoforms, albeit with varying affinities (Figure 3.3C).
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Spinophilin Phostensin LMTK2
HelLa U20s HelLa uU20s HelLa U20s

Predominantly
Cytoplasmic

ASPP2 Neurabin PHACTR4
Hela U20s HelLa U20s HelLa U20s

Hela U20s HelLa U20S

RepoMan
U20s

Predominantly
Nuclear

Figure 3.4. PP1 is found in a range of holoenzyme complexes localized throughout the cell. Images
show the subcellular localization patterns for a selection GFP-tagged PP1 regulatory subunits transiently
overexpressed in HeLa and U20S cells. The cells were fixed, permeabilized and stained with DAPI to mark
the nucleus (inset panels). Scale bars are 5 um.
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The observed preference of Mypt1 for PP18 and ASPP2 for PP1a was also confirmed in
this experiment. Although RIF1 and Inh2 did not show a preference for the alpha isoform
in the interactome screen, we were only able to detect the interaction with GFP-PP1a. in
the WB analysis. This may be a detection issue (the antibody is not very robust), or

because we did not fractionate the cells to reduce sample complexity.

3.4 Individually focused, fractionation-based AP/MS experiments build a
more comprehensive map of the intracellular distribution of each PP1
isoform.

Given the low expression of the GFP fusion proteins in our PP1f and PP1y
HelLa/BAC stable cell lines, and the variability of the CP/NUC fractionation of our
MCF7/CMV stable cell lines, we decided to use the HeLa/cDNA stable cell lines that we
had previously established for the analysis of GFP-hPP1a and GFP-hPP1y (Trinkle-
Mulcahy et al. 2006; Trinkle-Mulcahy et al. 2003), and our U20S/cDNA cell lines stably
expressing GFP-hPP1a, hPP1p-GFP, and GFP-hPP1y (Chamousset, De Wever, et al.
2010). Both of these cell types are more amenable to fractionation and expression
levels of the isoforms more equivalent, which improved coverage of the PP1p3 and PP1y
interactomes.

We first assessed the distribution of the GFP-tagged PP1 isoforms by live imaging
and WB analysis. As previously noted, and shown in Figure 3.5, GFP-PP1a and GFP-
PP1y show distinct localization patterns when stably overexpressed in HelLa cells. Both
are found throughout the cell, with PP1y showing a more prominent accumulation within

the nucleoli. WB analysis (Figure 3.5) of CP, NP and No fractions shows that their
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A HelLa GFP-hPP1a Stable Cell Line (cDNA integration; CMV promoter)

CP NP No GFP-hPP1a DAPI
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o-tubulin S

Lamin A/C

RNA Pol |

B HelLa GFP-hPP1y Stable Cell Line (cDNA integration; CMV promoter)

CP NP No GFP-hPP1y DAPI
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Figure 3.5. GFP-tagged PP1a and PP1y show the expected localization patterns in HeLa/cDNA
stable cell lines. Western blot analysis of Cytoplasmic (CP), Nucleoplasmic (NP) and Nucleolar (No)
extracts prepared from GFP-hPP1a (A) and GFP-hPP1y (B) stable cell lines confirmed similar distribu-
tions to those observed for the endogenous isoforms. Cells were also stained with the cell permeable
DNA dye Hoechst 33342 (blue) and imaged live to demonstrate the subcellular localization patterns of
the isoforms (green). Scale bars are 15 um.
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distribution between the three approximates that of their endogenous counterparts.
Similar results were observed for the U20S stable cell lines (Figure 3.6). This confirms
the validity of these cell lines as markers for the subcellular distribution of the
phosphatase.

Next, we designed a strategy to optimally highlight bona fide PP1 isoform
interactors above the background of proteins that bind non-specifically to the beads. As
shown in Figure 3.7A, this strategy involved differential SILAC labeling of parental cells
(LIGHT media) and GFP-PP1 isoform-expressing cells (HEAVY media). Both cell lines
were fractionated for preparation of CP, NP and No extracts, and then equivalent total
protein amounts of parental (LIGHT) and GFP-PP1 (HEAVY) extracts were incubated
with GFP-Trap beads for one hour. Following an initial wash, the beads were carefully
combined for all subsequent steps, to minimize sample handling variability.

We specifically chose not to use HeLa and U20S cell lines stably overexpressing
GFP alone as the negative control for these experiments, because we have observed
variable upregulation of a number of sticky (i.e. bind non-specifically to affinity matrices)
proteins such as chaperones in cell lines stably overexpressing various fusion proteins.
This can give the appearance that they are specifically enriched in the experimental
pulldown, although they are actually just sticky and more abundant. To highlight them
directly, we carried out separate control experiments for HeLa and U20S CP, NP and No
fractions, comparing cells stably overexpressing GFP alone (HEAVY) to the relevant
parental line (LIGHT). This identified both cell- and fraction-specific contaminants that
are more highly upregulated in overexpressing stable lines (datasets provided in

Appendix 1), which we could then subtract from our GFP-PP1 isoform datasets.
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A U20S GFP-hPP1a Stable Cell Line (cDNA integration; CMV promoter)

CP NP No GFP-PP1a DAPI
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B U20S hPP18-GFP Stable Cell Line (cDNA integration; CMV promoter)
CP NP No PP1p-GFP DAPI
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Figure 3.6. GFP-tagged PP1a, PP1p and PP1y show the expected localization patterns in
U20S/cDNA stable cell lines. Western blot analysis of Cytoplasmic (CP), Nucleoplasmic (NP) and
Nucleolar (No) extracts prepared from GFP-hPP1a (A), PP1p3-GFP (B) and GFP-hPP1y (C) stable cell
lines confirmed similar distributions to those observed for the endogenous isoforms. Cells were also
stained with the cell permeable DNA dye Hoechst 33342 (blue) and imaged live to demonstrate the sub-
cellular localization patterns of the isoforms (green). Scale bars are 15 um.
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Figure 3.7. The GFP-PP1a cytoplasmic interactome is comparable between HeLa and U20S cells.
A. Diagram outlining the quantitative AP/MS strategy used to independently map the Cytoplasmic (CP),
Nucleoplasmic (NP) and Nucleolar (No) interactomes for each GFP-tagged PP1 isoform in the HeLa and
U20S cDNA stable cell lines. GFP-Trap pulldowns from equivalent total protein amounts of Parental
(Light) and PP1 isoform (Heavy) extracts were combined for analysis for each compartmental experiment,
with all bound proteins identified and H:L ratios quantified to highlight those that were specifically enriched
with PP1 above the background contaminants that bind non-specifically to the beads. B. HeLa and U20S
cytoplasmic PP1a datasets, plotted as Normalized Intensity vs. log(2) Ratio H:L. The proteins cluster
around a median (yellow diamond) value, and GFP-PP1a (green circle) is highly enriched.
Known/predicted regulatory subunits and common interactors are shown in red (circles) if significantly
enriched above median, and in black (X) if not.



3.4.1 Proteins identified in our Cytoplasmic and Nuclear GFP-PP1a Interactome
screen

Figure 3.7B summarizes the cytoplasmic interactome of PP1a mapped in the
HeLa and U20S cell lines. In the HelLa experiment, 512 proteins were
identified/quantified, 99 of which were enriched more than 2-fold in the GFP-PP1a
pulldown (i.e. log2H:L >1 log above median). We also applied the more stringent
Significance B analysis, which takes abundance as well as ratio into account and assigns
higher confidence to ratios based on larger numbers of peptide identifications (given that
proteins with fewer peptide identifications will show higher ratio variability). These values,
which are expressed as p values, were calculated using the Perseus module of
MaxQuant, and 34 proteins deemed to be significantly enriched (p < 0.05) above the
mean with GFP-PP1a (shown as red circles on the graph). In the U20S experiment, 309
proteins were identified/quantified, 57 of which were enriched more than 2-fold in the
GFP-PP1a pulldown (i.e. log2H:L >1 log above median) and 33 of which were deemed to
be significantly enriched based on Significance B values. Known/predicted regulatory
subunits and binding partners commonly enriched in our PP1 datasets or deposited in the
BioGrid database as potential PP1 interactors are also labeled.

It is important to note that the Significance B values are calculated with respect to
the mean ratio. This is ideal for whole proteome comparisons under different cellular
conditions, for example, because the majority of factors do not change while small
subsets are enriched or reduced. In a differentially labeled AP/MS experiment, however,
the background that does not change is the cluster of proteins that bind non-specifically

to the affinity matrix, and a better estimate of this is the median H:L ratio. The mean
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often skews toward a higher H:L ratio because there are very few proteins with ratios
significantly below 1:1 (typically environmental contaminants such a keratin), and a much
larger subset with high H:L ratios, representing the interactome of proteins enriched with
the bait protein. This is why we set our 2-fold enrichment threshold above the median.
We routinely apply both analyses (Significance B values and 2-fold enrichment) to
balance out these differences and to confer different levels of confidence in the results.
We anticipate that some interactors may be close to these threshold and occasionally fall
below them, so for all our PP1 interactome experiments we also highlighted proteins that
were identified in more than one experiment and significantly enriched above mean (or 2-
fold enriched above median) in at least one of them. We refer to these in the figures and
tables and “commonly enriched interactors”. Consistent with our work as mapping them
as novel PP1 interactors, several have since been deposited in the BioGrid database as
putative PP1 interactors annotated in large-scale interactome screens. Most lack a
predicted PP1 binding motif and are thus likely indirect interactors, forming a complex
with PP1 via association with a regulatory subunit.

Our next analysis step was the manual elimination of all likely contaminants (i.e.
proteins significantly enriched in a pulldown of stably expressed GFP alone compared to
the parental cell line from the cytoplasmic fraction of the respective cell type). Examples
include chaperones such as HSPA5 and HSPA9, and the U20S-specific contaminant
DHRS2, a short- chain alcohol dehydrogenase that was enriched in nearly all of our
CP/NUC/No experiments, both experimental and control. Interestingly, for the 27 DHRS2
interactions deposited in the BioGrid dataset, it was the prey in all cases (i.e. detected in
the pulldown of bait proteins) and several of the studies were carried out in U20S cells

(Herr et al. 2015; Deisenroth et al. 2010; Andresen et al. 2014).
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We then generated a list of known/predicted PP1 regulatory subunits and
commonly enriched interactors that co-precipitated with GFP-PP1a from cytoplasmic
extracts of HeLa and U20S cells (Figure 3.8). We further annotated these tables to note
those proteins that were also identified in our BAC and MCF7 cytoplasmic AP/MS
experiments (and whether they showed an isoform preference).

In general there is good agreement between the two cell lines, and numerous
known regulatory subunits were identified. These include the evolutionarily conserved
regulators Inhibitor 2 (Inh2), SDS22, Inh3 and NIPP1. We also identified all three
members of the ASPP family (ASPP1, ASPP2 and iASPP). URI1, found in both screens,
is an unconventional member of the prefoldin (PFD) family of chaperones found to
localize to the mitochondria with PP1 in a stable complex (Djouder et al. 2007). Although
that study suggested a specific association with PP1y, we identified URI1 in both the
PP1a and PP1y interactomes, indicating that isoform “preference” is a better term than
isoform “specificity”. We had noted this previously for RepoMan, which shows a
preference for PP1y that can be overridden by overexpression of the regulatory subunit
(Trinkle-Mulcahy et al. 2006).

Neurabin-l and Spinophilin have been shown to target PP1 activity to actin-rich
structures and proposed to play roles in cytoskeletal dynamics (Oliver et al. 2002), while
Phostensin and PARD3 target PP1 to the F-actin cytoskeleton (Kao et al. 2007) and tight
junctions, respectively. Interestingly, we identified CASC5, which binds PP1 in mitosis
and plays an important role in kinetochore microtubule stability (Rosenberg et al. 2011).
This may have been detected in the subset of mitotic cells (~10%) present in our

asynchronous cell population, the contents of which would end up in the cytoplasmic
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Figure 3.8. Single isoform interactome mapping identifies a broader range of cytoplasmic interactors
for PP1a. Annotation of known/predicted targeting subunits (TS; orange) identified in cytoplasmic PP1a
interactomes highlights the distribution of this isoform between holoenzyme complexes in HeLa and U20S
cells, and identifies novel proteins found to be commonly enriched (blue) with PP1 in our repository of
interactome screens. Results from the cytoplasmic BAC and MCF7 screens are shown for comparison.
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extract.

Some proteins, such as LRRC1, were only detected as binding partners in one
experiment. Although this may indicate differences in the distribution of PP1a between
regulatory complexes in these cell lines, it may simply reflect differences in the
expression levels (and thus detectability) of the proteins. Another example is the
commonly enriched interactor c20orf27, which was detected in the HelLa/cDNA,
HelLa/BAC and MCF7/cDNA AP/MS experiments (and also in the PP1y HelLa/cDNA
interactome) but not any of the U20S/cDNA experiments. Follow-up analysis confirmed
that c200rf27 and PP1 can interact in U20S cells, and given that ProteomicsDB
annotates higher levels of c200rf27 in U20S compared to HelLa cells, this could indicate
that a larger fraction of PP1 is associated with this particular complex in certain cell lines.

Figure 3.9A summarizes the nucleoplasmic interactome of PP1a. mapped in the
HeLa and U20S cell lines. In the HelLa experiment, 734 proteins were
identified/quantified, 109 of which were enriched more than 2-fold in the GFP-PP1a
pulldown. Using the more stringent Significance B analysis, 17 proteins were deemed to
be significantly enriched with GFP-PP1a. In the U20S experiment, 502 proteins were
identified/quantified, 24 of which were enriched more than 2-fold in the GFP-PP1a
pulldown and 27 of which were deemed to be significantly enriched based on
Significance B values. As describe above, we generated a list of the known/predicted
regulatory subunits and commonly enriched interactors that co-precipitate with GFP-
PP1a from nucleoplasmic extracts of HeLa and U20S cells, further annotated to show
those also identified in our BAC and MCF7 nuclear AP/MS experiments (and whether

they showed an isoform preference) (Figure 3.9B).
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Figure 3.9. Single isoform interactome mapping identifies a broader range of nucleoplasmic inter-
actors for PP1a. A. HelLa and U20S nucleoplasmic PP1a datasets, plotted as Normalized Intensity vs.
log(2) Ratio H:L. The proteins cluster around a median (yellow diamond) value, and GFP-PP1a (green
circle) is highly enriched. Known/predicted regulatory subunits and common interactors are shown in red
(circles) if significantly enriched above median, and in black (X) if not. B. Data annotated as in Figure 8,
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to highlight known/predicted targeting subunits (TS) and common interactors.
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Several known regulatory subunits that localize to the nucleus and bind PP1 were
identified. They include the first identified nuclear PP1 targeting subunits NIPP1 and
PNUTS (Kreivi et al. 1997; Trinkle-Mulcahy et al. 1999; Allen et al. 1998; Boudrez et al.
1999) which have since been linked to regulatory roles in transcription, pre-mRNA
splicing, chromatin decompaction at mitotic exit and DNA damage repair (Nuytten et al.
2008; Boudrez et al. 2000; Ciurciu et al. 2013; Landsverk et al. 2005). Also found were
other nuclear targeting subunits identified in our previous studies (Trinkle-Mulcahy et al.
2006), such as the putative nucleoside kinase ZAP3 that has been linked to RNA
modification (Ulke-Lemée et al. 2007; Trinkle-Mulcahy et al. 2006); TPRN, which is
recruited to sites of DNA damage (Ferrar et al. 2012); Repo-Man, which recruits PP1 to
chromatin and plays roles in DNA damage sensing and of chromatin organization
(Vagnarelli et al. 2006; Trinkle-Mulcahy et al. 2006); and RIF1, originally identified as a
yeast telomeric chromatin component (Hardy et al. 1992), which functions in controlling
replication through PP1 (Hiraga et al. 2017; Hiraga et al. 2014; Mattarocci et al. 2014;
Davé et al. 2014). The Aurora kinases, AURKA and AURKB, were also mapped here,
and have been shown to regulate kinetochore assembly/disassembly during the cell cycle
in conjunction with PP1 (Kim et al. 2010; Emanuele et al. 2008).

Lastly, to gain an overview of the distribution of PP1a in the HeLa and U20S cell
lines, we combined the CP and NP fraction datasets to include all identified proteins
enriched >2-fold above median and not detected in the respective control GFP AP/MS
experiment. Using the STRING (search tool for the Retrieval of Interacting
Genes/Proteins) biological database (Szklarczyk et al. 2015), we generated a network

map for these combined datasets that highlights connections based on curated,
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experimentally determined, published and predicted protein-protein associations. The
known/predicted regulatory subunits identified in these screens would be expected to
serve as network “hubs”, recruiting PP1 to larger complexes, and are highlighted in
yellow on the network maps.

As expected, more (and larger) complexes were mapped in the HelLa dataset
(Figure 3.10) compared to the U20S dataset (Figure 3.11), likely due to the increased
number of proteins identified overall. The two complexes that were identified in both
screens would thus be predicted to represent a relatively large fraction of cellular PP1a
compared to other complexes. One is mediated via the regulatory subunit URI1, which
forms a network with the commonly enriched interactors HDAC1/2, RUVBL1/2, PIHID1,
RPAP3/, WDR92, UXT, POLR2E and PFDN2. The members identified in this network are
linked to regulating the assembly of multisubunit complexes, including the RNA Pol Il
transcription complex. The other network mapped in both the HeLa and U20S screen is
mediated by the ASSP family of regulatory subunits, which have been shown to network
with RASSF7/ RASSF8/ RASSF9/ CCDC85B/ and CCDC85C. The sole homologue of
human RASSF7/8/9 in drosophila, dRASSF8, has been linked to the sole homologue of
ASPP in drosophila, dASPP, and the complex contributes to regulation of cell-cell
adhesion during Drosophila retinal morphogenesis (Langton et al. 2009).

As previously noted, the regulatory subunit CASC5, which recruits PP1 to
kinetochores in mitosis, was detected in the HelLa screen, along with other proteins that
have been linked to kinetochore regulation such as NSL1, ZWINT, KIF2C, RPRD1B,
AURKA and the regulatory subunit PPP1R5B. A complex linked to mitochondria was also

identified in the HeLa screen, involving ATP5C1, VDAC2, PRDX3 and UQCRC1/2. ltis
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Figure 3.10. STRING analysis identifies key cellular complexes represented in the PP1a interactome
in the HelLa stable cell line. STRING-based network mapping for a stringent subset of interactors
enriched > 2-fold with GFP-PP1a in the combined CP and NP experiments and not detected in the respec-

tive control GFP AP/MS experiments. Known/predicted targeting subunits are highlighted (yellow), as

is

the novel targeting subunit (c200rf27 and PEAK1; red) that we identified and validated (c200rf27 as a tar-

geting subunit; PEAK1 as an interactor).
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Figure 3.11. STRING analysis identifies key cellular complexes represented in the PP1a interac-
tome in the U20S stable cell line. STRING-based network mapping for a stringent subset of interactors
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possible that association of PP1 with this complex is mediated via the regulatory subunit
CHCHDS3, a member of the mitochondrial contact site and cristae organizing system
(MICOS) in the inner mitochondrial membrane that is essential for the formation and

maintenance of cristae structure (Kozjak-Pavlovic 2017).

3.4.2 Proteins identified in our Cytoplasmic and Nuclear GFP-PP1y Interactome

screen

Similar to our GFP-PP1a interactome analyses, Figure 3.12A summarizes the
cytoplasmic interactome of PP1y mapped in the HeLa and U20S cell lines. In the Hela
experiment, 254 proteins were identified/quantified, 42 of which were enriched more than
2-fold and 12 deemed to be significantly enriched with GFP-PP1y. In the U20S
experiment, 365 proteins were identified/quantified, 19 of which were enriched more than
2-fold and deemed to be significantly enriched based on Significance B values. As
before, we manually eliminated all likely contaminants and generated a list of the
regulatory subunits and commonly enriched interactors, identified above median, that co-
precipitate with GFP-PP1y from cytoplasmic extracts of HeLa and U20S cells (Figure
3.12B). The table was annotated with those proteins that were also identified in our BAC
and MCF7 cytoplasmic AP/MS experiments (and whether they showed an isoform
preference). Most of the regulatory subunits that we identified were also identified in our
PP1a cytoplasmic dataset. However, we did identify a unique enrichment of PHACTR4, a
PP1 interacting protein that regulates dephosphorylation of cofilin in response to
decreased actin monomer binding to its RPEL domain (Huet et al. 2013). Also unique to
the gamma isoform was LMTK, a novel transmembrane protein shown to associate with

PP1y and Inh2 (H. Wang & Brautigan 2002).
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Figure 3.12. Single isoform interactome mapping identifies a broader range of cytoplasmic interactors
for PP1y. A. HeLa and U20S cytoplasmic PP1y datasets, plotted as Normalized Intensity vs. log(2) Ratio
H:L. The proteins cluster around a median (yellow diamond) value, and GFP-PP1y (green circle) is highly
enriched. Known/predicted regulatory subunits and common interactors are shown in red (circles) if signifi-
cantly enriched above median, and in black (X) if not. B. Data annotated as in Figure 3.8, to highlight
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known/predicted targeting subunits (TS) and common interactors.
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Figure 3.13A summarizes the nucleoplasmic interactome of PP1y mapped in the
HeLa and U20S cell lines. In the HelLa experiment, 425 proteins were
identified/quantified, 21 of which were enriched more than 2-fold and 15 deemed to be
significantly enriched with GFP-PP1y. In the U20S experiment, 472 proteins were
identified/quantified, 19 of which were enriched more than 2-fold and 21 deemed to be
significantly enriched based on Significance B values. As before, after removing
contaminants, we generated a list of the regulatory subunits and commonly enriched
interactors that co-precipitated with GFP-PP1y from nucleoplasmic extracts of HeLa and
U20S cells (Figure 3.13B). We further annotated these tables to note those proteins that
were also identified in our BAC and MCF7 cytoplasmic AP/MS experiments (and whether
they showed an isoform preference). As for PP1a, we identified several known nuclear
regulatory subunits, including NIPP1, PNUTS, Repo-Man, ZAP3 and RIF1. Interestingly
we also identified the regulatory subunit SCRIB in the NP compartment. SCRIB is a cell
polarity-related protein commonly detected at the cell membrane, but also annotated as
nucleoplasmic in the ProteinAtlas database. Future studies will address its potential role
in recruiting PP1 to nuclear substrates.

Using the STRING biological database to probe for associations between our
annotated list of combined CP/NP proteins enriched 2-fold with PP1y and not detected in
the respective control datasets, we again found association with the multisubunit complex
assembly hub (Figure 3.14). This is likely mediated via the URI1 regulatory subunit and
containing the commonly enriched factors RUVBL1, PIHID1, RPAP3, WDR92, UXT,

POLRZ2E, and PFDNZ2.
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Figure 3.13. Single isoform interactome mapping identifies a broader range of nucleoplasmic
interactors for PP1y. A. HeLa and U20S nucleoplasmic PP1y datasets, plotted as Normalized Intensity
vs. log(2) Ratio H:L. The proteins cluster around a median (yellow diamond) value, and GFP-PP1y
(green circles) is highly enriched. Known/predicted regulatory subunits and common interactors are
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Data annotated as in Figure 3.8, to highlight known/predicted targeting subunits (TS) and common inter-

actors.
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GFP control AP/MS experiments. Known/predicted targeting subunits are highlighted (yellow), as are
the novel hits (c20orf27 and PEAKT1; red) that we identified and validated (c200rf27 as a targeting
subunit; PEAK1 as an interactor).
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3.4.3 Proteins identified in our Cytoplasmic and Nuclear GFP-PP1f3 Interactome
screen

Figure 3.15A summarizes the cytoplasmic and nucleoplasmic interactomes of
PP18 mapped in the U20S cell line. In the cytoplasmic fraction, 310 proteins were
identified/quantified, 27 of which were enriched more than 2-fold and 20 deemed to be
significantly enriched in the GFP-PP1p pulldown. In the nucleoplasmic fraction, 387
proteins were identified/quantified, 49 of which were enriched more than 2-fold and 17
deemed to be significantly enriched in the GFP-PP1f pulldown. As before, we generated
a list of the known/predicted regulatory subunits and commonly enriched interactors
(Figure 3.15B), and noted those proteins that were also identified in our BAC and MCF7
cytoplasmic AP/MS experiments (and whether they showed an isoform preference).

Many of the regulatory subunits that we identified in both fractions were similar to
those identified in our GFP-PP1a/y cytoplasmic and nucleoplasmic dataset, confirming
the overlap that we’'ve observed previously for the three isoforms. We did, however,
identify the MYPT family in the PP1p interactome, including Mypt1, LENG3 and Mypt3. In
our cytoplasmic fraction we also identified ZFYVE9 and ZFYVE16, which bind PP1 (Shi
et al. 2007; Bennett & Alphey 2002) and localize to endosomal structures (Tsukazaki et
al. 1998; Seet & Hong 2001). In our nucleoplasmic fraction we identified MKI67, a nuclear
protein in proliferating cells that is localized in the nucleolus during interphase (Kill 1996;
MacCallum & P. A. Hall 2000) and has been shown to bind PP1 and play a role in the
assembly of the perichromosomal compartment (Booth et al. 2014). In addition, we
identified Stau1, a PP1 interacting protein (Brendel et al. 2004) found to localize to the

rough endoplasmic reticulum and microtubules, and also demonstrated to be an RNA
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Figure 3.15. Single isoform
interactome mapping identifies
a broader range of interactors
for PP1B. A. U20S cytoplasmic
and nucleoplasmic PP1pB
datasets, plotted as Normalized
Intensity vs. log(2) Ratio H:L.
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binding protein both in vitro and in vivo (Kiebler et al. 1999; Wickham et al. 1999; Marion
et al. 1999).

Using the STRING biological database to probe for associations between our
annotated list of combined CP/NP proteins enriched 2-fold with PP1p and not detected in
the respective control datasets (Figure 3.16), we uncovered a cluster of chromatin-related
proteins including several histones, the heterochromatin binding proteins CB1 and CBX5,
the nucleosome organizing protein SSRP1 and the regulatory subunit RIF1, which has
been linked to regulation of telomere replication and repair as previously noted. We also

identified a cluster of cell surface proteoglycans (Glypicans 1/4/6 and Syndecans 1/2).

3.4.4 Nucleolar regulatory subunits identified in the nucleolar GFP-tagged PP1

interactome screens

We have spent a significant time attempting to optimize the mapping of nucleolar
interactomes, but the datasets are complicated by two factors. First, more stringent
conditions are required to efficiently extract proteins from purified nucleoli. Second, there
are a large number of nucleolar proteins that bind non-specifically to affinity matrices
(Chamousset, Mamane, et al. 2010). The high salt extraction that we developed has the
potential to disrupt complexes, which may or may not re-form when the salt concentration
is dropped prior to AP. Furthermore, the high background signal provides a large amount
of noise that reduces the signal-to-noise ratio, making it difficult to detect proteins that are
enriched above background.

To summarize our nucleolar interactome datasets, we did not recover a detectable
amount of GFP-PP1a or GFP-PP1y from U20S nucleoli. Although both were detected in

their respective HelLa nucleolar datasets, no proteins were significantly enriched and only
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a few were enriched >2-fold above the median. PP1a was below this threshold, and
although PP1y was above it, only one other protein was enriched >2-fold (the regulatory
subunit ZAP3). Similarly, in the U20S/PP1p-GFP nucleolar dataset, we saw no
significant protein enrichment and only PP1p and three other proteins (a histone, a
chromatin organizing factor and a scaffolding protein). Given that we originally identified
the nucleolar regulatory subunit RRP1B in the PP1y nucleolar interactome by scaling up
our input (Chamousset, De Wever, et al. 2010), we did the same here with our
HelLa/GFP-PP1y cell line. Although this greatly increased our background contaminants
(and consequently did not improve the signal-to-noise ratio), we did identify a number of
nucleolar regulatory subunits that we and others had previously identified by a variety of
strategies. They include RRP1B, MPHOSPH10 and NOM1, which have all been linked
to regulation of ribosome biogenesis (Gunawardena et al. 2008; Chamousset, De Wever,
et al. 2010; Westendorf et al. 1998; Booth et al. 2014), and MKI67, which has been
linked to regulation of nucleolar reorganization at mitotic exit (Booth et al. 2014).

We confirmed the nucleolar localization of GFP-tagged RRP1B, MPHOSPH10
and NOM1 transiently overexpressed in U20S cells and validated their association with
PP1 in vivo using a Fluorescence Two-Hybrid (F2H) strategy (Figure 3.17). This involved
tethering mCherry-Lac Repressor (LacR)-tagged PP1y to a lac Operator (LacO) array
stably integrated into the U20S genome and co-expressing GFP-tagged regulatory
subunits to evaluate their accumulation at this engineered gene locus (which indicates
association). As shown in Figure 3.17, all three regulatory subunits accumulate within the

nucleoli, and an additional pool is recruited to the tethered PP1y. Mutation of their PP1
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Figure 3.17. Fluorescence Two-Hybrid (F2H) analysis confirms in vivo association of nucleolar reg-
ulatory subunits with PP1 via RVXF motifs. A. Design of the F2H screen, based on random integration
of an engineered gene locus containing an array of Lac Operator (LacO) repeats into HeLa cells. Although
the locus contains an inducible U2 transgene, no doxycycline is provided to the cells; the cell line is used
to tether transiently overexpressed mCherry-LacRepressor (LacR)-tagged PP1y to the locus via associa-
tion with the LacO array. B. Negative control confirming that GFP alone, co-expressed with mCh-LacR-

PP1, does not accumulate at the gene locus (arrow). This region is enlarged in the inset image. A pool of
GFP-RRP1B co-localizes with mCh-LacR-PP1 at the gene locus (C), unless its RVTF motif is mutated to
prevent PP1 binding (D). A pool of GFP-MPP10 B co-localizes with mCh-LacR-PP1 at the gene locus (E),
unless its RVXF motif is mutated to prevent PP1 binding (F). A pool of GFP-NOM1 co-localizes with
mCh-LacR-PP1 at the gene locus (G), unless its RVXF motif is mutated to prevent PP1 binding (H).
Scale bars are 5 um.
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binding “RVxF” motifs abolished this co-localization at the engineered gene locus. It is
also interesting to note that, as previously demonstrated, overexpression of RRP1B
recruits excess PP1 to the nucleolus (compare localization of mCh-lacR-PP1 in GFP vs.
GFP-RRP1B expressing cells), whereas overexpression of the RRP1B that cannot bind
PP1 acts as a dominant-negative mutant displacing a significant amount of the nucleolar
pool of PP1 (compare localization of mCh-lacR-PP1 in GFP vs. GFP-RRP1Bgrata
expressing cells) (Chamousset, De Wever, et al. 2010). It also suggests that RRP1B has
a higher affinity for PP1 than MPHOSP10 and NOM1, neither of which affected its
localization to the same extent.

For future analysis of sub-nucleolar targeting of PP1 and identification of any
remaining novel nucleolar regulatory subunits, we will employ a near neighbour labeling
strategy such as BiolD, to avoid some of the complications inherent in an AP/MS

strategy.

3.5 Distribution of regulatory subunits between holoenzyme complexes in
interphase and mitosis.

Given that the PP1 regulatory subunits are believed to function as network hubs
that recruit PP1 to specific subcellular localizations/complexes/substrates, we mined our
datasets for information about the relative distribution of each isoform between its pool of
regulatory complexes. To do this, we first reanalyzed our fractionation-based AP/MS
experiments for the U20S and Hela stable cell lines as a whole cell interactome, by
concatenating the CP, NP and No raw data files. We did not eliminate any of the
regulatory subunits identified in our control (GFP) interactome data set, but only

highlighted those for which the summed Heavy peptides intensities were higher than the
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summed Light peptide intensities (indicating some degree of specific enrichment with
PP1). This eliminates those that are likely contaminants, binding non-specifically to the
beads. Indeed, we detect some of these proteins, such as SFPQ, NONO and HCFC1 in
most of our AP/MS experiments, including those not related to PP1. This indicates that
care should be taken to when assessing their involvement in PP1 targeting within the cell.

For the remaining regulatory subunits, their specific enrichment relative to total
PP1 captured on the beads was quantified by dividing their normalized (by molecular
weight) Heavy peptide intensities (minus any Light peptide intensities detected, which
represent any non-specific binding to the beads) by that calculated for GFP. This value is
represented by the size of the bubbles in the Normalized Intensity vs. log(2) Ratio H:L
graphs shown in Figures 3.18-20. These figures thus not only illustrate the regulatory
subunits identified, their enrichment and abundance, but also demonstrate visually how
much PP1 complexes with each. In theory the amount of GFP-PP1 identified should
approximate the sum of all the regulatory subunits identified, however it is almost certain
that we have not identified all of the regulatory subunits in each experiment. Also,
although this type of analysis can provide some approximation of the distribution of PP1
between its regulatory subunits, it cannot provide absolute stoichiometry, as tryptic
patterns and the number of identifiable peptides vary for each protein.

Having already eliminated the regulatory subunits that were below median in each
experiment (i.e. higher in the Light AP), we next applied our “>2-fold enrichment with
PP1” threshold to generate a high confidence list of PP1 holoenzyme complexes. The
relative distribution of PP1 between this group is illustrated in the pie graphs in Figures

3.18-20.
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Figure 3.18. Subcellular Distribution of PP1a in Holoenzyme Complexes. A. Known/predicted PP1 regulatory
subunits identified in the HeLa/cDNA GFP-PP1a screen, plotted as Normalized Intensity vs. log2 Ratio H:L. The
gray box highlights those not enriched above background. For those enriched >2-fold above background, the pie
chart summarizes the relative fraction of each associated with PP1 in the AP. Where a % is not indicated, it is <
1. B. Similar analysis for the U20S/cDNA GFP-PP1a screen. C. Assessment of the change in the distribution of
PP1a between regulatory complexes when the asynchronous HeLa/cDNA GFP-PP1a cell line (Light-encoded)
was arrested at G2/M by 16 hr treatment with Nocodazole (Heavy-encoded). the gray box highlights those that
show no change, while ratios above this threshold indicate >2-fold increase in enrichment with PP1a in G2/M cells
and ratios below this threshold indicate >2-fold reduction in enrichment with PP1a in G2/M cells. The bar chart
reports the relative amounts of all regulatory subunits co-precipitated with PP1 in the two conditions as fold-
change with G2/M arrest.
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Figure 3.19. Subcellular Distribution of PP1p in Holoenzyme Complexes. A. Known/predicted PP1 regulatory
subunits identified in the U20S/cDNA PP1p3-GFP screen, plotted as Normalized Intensity vs. log2 Ratio H:L. The
gray box highlights those not enriched above background. For those enriched >2-fold above background, the pie
chart summarizes the relative fraction of each associated with PP1 in the AP. Where a % is not indicated, it is <
1. B. Assessment of the change in the distribution of PP1p between regulatory complexes when the asynchro-
nous U20S/cDNA PP1p3-GFP cell line (Light-encoded) was arrested at G2/M by 16 hr treatment with Nocodazole
(Heavy-encoded). The grey box highlights those that show no change, while ratios above this threshold indicate
>2-fold increase in enrichment with PP1f in G2/M cells and ratios below this threshold indicate >2-fold reduction
in enrichment with PP1p in G2/M cells. The bar chart reports the relative amounts of all regulatory subunits co-

precipitated with PP1 in the two conditions as fold-change with G2/M arrest.
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Figure 3.20. Subcellular Distribution of PP1y in Holoenzyme Complexes. A. Known/predicted PP1 regulatory
subunits identified in the HeLa/cDNA GFP-PP 1y screen, plotted as Normalized Intensity vs. log2 Ratio H:L. The
gray box highlights those not enriched above background. For those enriched >2-fold above background, the pie
chart summarizes the relative fraction of each associated with PP1 in the AP. Where a % is not indicated, it is <
1. B. Similar analysis for the U20S/cDNA GFP-PP1y screen. C. Assessment of the change in the distribution of
PP1y between regulatory complexes when the asynchronous HeLa/cDNA GFP-PP1y cell line (Light-encoded)
was arrested at G2/M by 16 hr treatment with Nocodazole (Heavy-encoded). the gray box highlights those that
show no change, while ratios above this threshold indicate >2-fold increase in enrichment with PP1y in G2/M cells
and ratios below this threshold indicate >2-fold reduction in enrichment with PP1y in G2/M cells. The bar chart
reports the relative amounts of all regulatory subunits co-precipitated with PP1 in the two conditions as fold-
change with G2/M arrest.
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Our results indicate that for most of the cell lines, large fractions of each PP1
isoform are found in complex with the ancient regulatory subunits SDS22, Inh3 and
NIPP1, whereas the more specialized (evolutionarily and likely functionally) regulatory
subunits make up a much smaller fraction of the holoenzyme complexes. The ASPP
family members are strongly represented in the PP1a interactome, particularly the
inhibitory member iASPP, which interacts with PP1 via a non-canonical motif (RNYF)
(Llanos et al. 2011). The other two isoforms are also found in complex with iASPP, and
although it represents a similar fraction of the PP1p interactome, it is only a relatively
minor complex for PP1y.  With the exception of Mypt1, which represents 30% of the pool
of regulatory subunits associated with PP1p, and Phostensin, which accounts for 12% of
complexed PP1a in HelLa cells and 4.5% in U20S cells, most of the regulatory subunits
that isoform preferences were found were in much lower amounts, such as LMTK2 with
PP1y and LRRC68 with PP1a. Overall, however, there is significant overlap between the
isoform interactomes, suggesting that compensation could occur if, for example, one was
knocked down/out.

The observation that a large fraction of each isoform is found in complexes
considered to be inhibitory suggests that they may act, at least in part, as a “sink” for the
catalytic subunit, to ensure that there is no unregulated PP1 phosphatase activity in the
cell. The ability of overexpressed regulatory subunits to recruit PP1 away from other
complexes demonstrates their dynamic nature, which provides the cell with the ability to
maintain a homeostatic balance of phosphatase activity by targeting it to specific
substrates at specific times or during specific circumstances. Our hypothesis is that

regulatory subunits such as SDS22, NIPP1 and Inh3, although postulated to play specific
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targeting roles (H.-S. Huang et al. 2005; Rodrigues et al. 2015; Nuytten et al. 2008), also
function to maintain pools of inhibited PP1 that can exchange with other, more
specialized targeting subunits as required (Lesage et al. 2007). In our U20S CP vs NUC
proteome, we only identified SDS22, which indicates that it is the highest in abundance.

If the distribution of PP1 is dynamic, as we predict, then it would be expected to
change in response to cell perturbations or at different stages of the cell cycle, when
distinct dephosphorylation events are required. Dynamic association with mitotic
regulators such as RepoMan and CASC5 had already been observed, and the spindle-
associated regulatory subunit KIF18A was identified specifically in mitotic extracts (De
Wever et al. 2014). We compared the whole cell interactomes for the three isoforms in
nocodazole-arrested (at G2/M) vs. asynchronous cells, using the HeLa/cDNA lines for
PP1a and PP1y and the U20S/cDNA line for PP1p that gave us the best coverage in our
fractionation experiments. Briefly the stable cell lines were cultured in Light or Heavy
media for 7 days, after which the cells in Heavy media were arrested at G2/M by 16 hr
treatment with 3.3 uM nocodazole (NOC). The untreated cells (Asynchronous) were
harvested by trypsinization while the NOC treated cells were harvested by mitotic shake
off. Whole cell extracts were prepared and GFP-PP1 captured on the GFP-Trap A™
affinity matrix. The samples were processed as previously described and the resulting
datasets annotated to highlight known/predicted regulatory subunits.

The data were first plotted (in Figures 18-20) as Normalized Intensity vs. log2
Ratio H:L (with bubble size representing enrichment relative to PP1 captured on the
beads), to highlight both the amount detected and whether there was a shift toward more

or less association with PP1 in the arrested cells. Where this was the case, the proteins
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fell outside the gray box on each graph, which indicates the threshold. This is also
visualized in a bar graph in each figure that shows the fold-change in association with
PP1 in arrested vs. asynchronous cells, on the same scale (0-7) for each isoform. There
was no obvious shift in PP1a complexes in the mitotic cells, except for a reduced
association with a few regulatory subunits such as Spinophilin and RIF1. This may
indicate a limited role for this isoform in mitosis, which would be consistent with the
inhibitory Thr-320 phosphorylation by the mitotic kinase cdc2 that has been observed for
this isoform (Kwon, Lee, et al. 1997).

PP1p and PP1y showed a more dramatic redistribution, with a strong increase in
association with KIF18A, RepoMan, MKI67 and NIPP1 in the arrested cells. PP1p also
showed an increased association with Mypt1 under these conditions. Although these
whole cell interactomes were not as comprehensive as those mapped by fractionation
AP/MS, they confirmed that these isoforms undergo a redistribution between holoenzyme
complexes at mitotic entry, increasing their association with regulatory subunits known to
play mitotic roles (e.g. KIF18A, RepoMan) and reducing their association with those
whose specific activity would not be required until the following G1 (e.g. RRP1B, RIF1),

when processes such as ribosome biogenesis and transcription resume.

3.6 Validation of a novel centrosomal PP1a complex.

Imaging the various cell lines demonstrated that PP1a is the only isoform that
accumulates at the centrosome in interphase cells, as confirmed by counter-staining for
the centrosomal marker pericentrin (Figure. 3.21A). Although an association with the
centrosomal ser/thr kinase Nek2 (Mi et al. 2007) had been previously identified, and

linked to regulation of centrosome splitting (Mi et al. 2007; Meraldi & Nigg 2001),
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Figure 3.21. ASPP2 likely mediates the association of RASSF7/8/9 with PP1a at the centrosome. A. Accula-
tion of GFP-PP1a (green) at centrosomes in the HeLa/cDNA cell line, as confirmed by counter-staining with anti-
pericentrin (red) and DAPI (blue). The boxed region is shown enlarged to the right. B. Accumulation of
GFP-tagged RASSF7, RASSF8 and RASSF9 (green) at centrosomes when transiently expressed in HelLa cells,
as confirmed by counter-staining with anti-pericentrin (red) and DAPI (blue). The boxed regions are shown
enlarged at the bottom. Scale bars are 15 um. C. Western blot analysis of GFP-Trap pulldowns of GFP-tagged
RASSF7, RASSF8 and RASSF9 from HelLa whole cell lysates. Endogenous ASPP2 was detected using anti-
ASPP2, and the GFP-tagged proteins (or the control GFP alone) using anti-GFP. The lysate lane is an aliquot of
the GFP-RASSF7 lysate prior to AP.
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we did not detect Nek2 in any of our PP1a interactomes. This may be due to the transient
nature of the complex or its low abundance.

We noticed, however, that the regulatory subunit ASPP2 also showed a
centrosomal localization pattern when transiently expressed as a GFP fusion (Figure 3.4),
and that this subunit, although detected with all three isoforms, represented a much
higher fraction of PP1a complexes (8.5%) compared to PP1p and PP1y (<1% for each).
This could explain, in part, the increased centrosomal accumulation of PP1a.
Furthermore, Zhang et. al demonstrated that the ASPP proteins can recruit PP1a to
dephosphorylate the centrosomal protein C-Nap1 that plays a key role in centrosomal
cohesion during interphase (Zhang et al. 2015).

Interestingly, our STRING network analysis (Figure 3.10) highlighted interactions
between ASPP2 and three RASS family proteins (RASSF7-9) that were only detected in
our PP1a interactome. The link was based on a study in Drosophila that linked
dRASSF8 and dASPP, the sole homologues for ASPP1/2, to the regulation of cell-cell
adhesion during Drosophila retinal morphogenesis (Langton et al. 2009) We cloned
RASSF7/8/9 and showed that all three proteins accumulate at centrosomes (Figure
3.21B). Furthermore, we demonstrated that all three co-purify endogenous ASPP2
(Figure 3.21C), confirming that their association with PP1 occurs via this regulatory

subunit.

3.7 c200rf27 is a novel PP1 regulatory subunit that links the phosphatase
to an E3 ubiquitin ligase complex.

Our comprehensive interactome analysis provides us with a platform to investigate

potential new regulatory subunits. Of particular interest were PEAK1 and C200rf27, both
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detected in multiple screens with PP1a and PP1y. PEAK1 is a non-receptor tyrosine
kinase enriched in the pseudopodia of migrating cells. It associates with the actin
cytoskeleton and is found to be upregulated in aggressive epithelial cancers (Kelber &
Klemke 2010; Y. Wang et al. 2010). Furthermore, it is thought to induce epithelial to
mesenchymal transition (EMT) and metastasis by mediating signaling cross talk between
TGFpB receptors and the ITGB3/SRC/Grb2/MAPK pathway (Galliher-Beckley &
Schiemann 2008; Galliher & Schiemann 2007). A link to PP1 suggests a possible
mechanism for metastatic control. We confirmed by AP/Western blot that endogenous
PEAK1 co-precipitates with GFP-tagged PP1 (Figure 3.22). We also used a near
neighbor labeling approach to demonstrate that PP1, when fused to a biotin ligase, can
biotinylate PEAK1 and permit its capture on Streptavidin-agarose beads. The next step
will be to test whether or not the association of PEAK1 with PP1 is direct (which would
indicate that it is a bona fide PP1 regulatory subunit). This can be done using in vivo
protein-protein interaction assays such as Bimolecular Fluorescence Complementation
(BiFC) to test association of both the wild type and mutant (hydrophobic residues in the
predicted PP1 binding RVxF motif at aa922-929 converted to Ala residues) protein with
PP1.

This is the type of approach that we used to validate c200rf27 as a novel PP1
regulatory subunit. Due to the lack of a commercial antibody that recognizes this protein
on a Western blot, we first cloned c200rf27 and expressed it as an mCherry-tagged
protein. The fusion protein distributed throughout the cell when transiently overexpressed
(Figure 3.23A), and Western blot analysis confirmed co-precipitation with GFP-PP1a. in

the HelLa/cDNA cell line (Figure 3.23C). Using the F2H assay, we demonstrated
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Figure 3.22. Association of PP1 with endogenous PEAK1 confirmed by co-precipitation and BiolD
assays. A. The co-precipitation of endogenous PEAK1 with GFP-PP1 detected by AP/MS was inde-
pendently confirmed by IP/Western blot analysis. GFP-PP1y in the HeLa/cDNA cell line was captured
on GFP-Trap beads and endogenous PEAK1 detected with anti-PEAK1 on a Western blot. IP of GFP
alone, transiently expressed in HelLa cells, served as a negative control. B. Proximity labeling also con-
firmed the in vivo association of PP1 and PEAKH1, in this case by demonstrating that fusion of a biotin
ligase (BirA) to PP1 and transient expression in HelLa cells results in the biotinylation (and resulting
capture on Streptavidin-agarose beads) of endogenous PEAK1, detected here using anti-PEAK1.
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Figure 3.23. c200rf27 is a novel PP1 regulatory subunit that associates with the phosphatase via a classic
RVXF-type binding domain. A. When transiently expressed in HelLa cells mCherry-c200rf27 (red) distributes
throughout the cytoplasm and nucleus (blue; DAPI). B. F2H screen confirms association of c20o0rf27 with PP1 in
vivo. Negative controls confirm that free GFP is not recruited to the engineered LacO array (arrow) at which
mCh-LacR-PP1 accumulates, nor does GFP-c200rf27 accumulate at the array when mCh-LacR alone is tethered
there. GFP-c200rf27 specifically accumulates at loci to which mCh-LacR-PP1 is tetherered, and this association
is lost when the RVXF motif is mutated (KVGF to KAGA). Far right panels enlarge the locus region. C.
GFP-PP1a (captured on GFP-Trap beads from HelLa/cDNA stable cell lysates) co-precipitates transiently
expressed mCh-c200rf27 (visualized with anti-mCherry). D. Bimolecular Fluorescence Complementation (BiFC)
assay confirms that direct binding (and subsequence fluorescence) of the split fluorophore is observed only when
wild type YFP(C-terminal half; CYFP)-c200rf27 is co-expressed with YFP(N-terminal half; NYFP)-PP1 (Il). The
mutant does not associate with PP1 (IV) and the C-terminal halves alone are not fluorescence (|, Il1).
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that GFP-c200rf27 accumulates at the engineered gene locus when mCh-LacR-PP1y is
tethered there (Figure 3.23B). Mutation of the putative PP1 binding RVxF motif (KVGF >
KAGA mutant; V55A/F57A) obviated their association.

To further confirm direct interaction with PP1 via the s4KVGFs7 region of the
protein, we cloned wild type and KAGA mutant c200rf27 into a BiFC plasmid that fuses
them to the C-terminal half of EYFP, and PP1y into a BiFC plasmid that fuses it to the N-
terminal half of EYFP. When co-expressed, the two halves will only re-form a functional
(fluorescent) EYFP molecule when in close proximity (< 10 nm), which occurs when the
proteins to which they are tagged bind directly. As shown in Figure 3.23D, this occurs
when wild type c200rf27 is co-expressed with PP1y, confirming their direct association.

Given that our STRING network analysis did not identify links between c200rf27 and
any other proteins in the datasets (Figures 10 and 14), we set out to map its interactome
to gain functional clues to its role in the cell. Using our SILAC AP/MS methodology, we
compared GFP-Trap pulldowns of transiently overexpressed GFP-c200rf27 (Heavy) vs.
GFP alone (Light) in both HeLa (Figure 3.24A) and MCF7 (Figure 3.24B) cells. Both
datasets confirmed the significant enrichment of PP1 with c200rf27, and also highlighted
association with APPBP2, first identified as an Amyloid Precursor Protein (APP) binding
protein potentially involved in transport of APP on the microtubule network (Zheng et al.
1998). The MCF7 dataset also identified, albeit by a single peptide, enrichment of the
protein TCEB1, also known as Elongin C, which is involved in regulation of both
transcription and E3 ubiquitin ligase substrate specification (Okumura et al. 2012). In
order to increase our interactome coverage for c20orf27, we repeated the Hela

experiment but this time fractionated the cells into CP and NUC. The raw datasets were
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Figure 3.24. c200rf27 complexes with PP1 and APPBP2 and is associated with ubiquitin ligase complex
members. PP1y and APPBP2 were the top hits in c200rf27 interactome screens in HelLa (A) and MCF7 (B) cells,
with the APPBP1 interactor TCEB1 (Elongin C) also identified (p = number of peptides detected for each). More
comprehensive coverage was obtained in HelLa cells by fractionation (C), identifying the same factors but also
TCEB2 (Elongin B) and CUL2. D. For the top hits in C (blue circles), interaction hubs were identified using Net-
workAnalyst and the IMEx database. They include the APPBP2-TCEB1/2-CUL2 E3 ubiquitin ligase axis and a
cluster of COPI (retrograde vesicle transport) coatomer proteins (COPA-COPB2/ARCN1/COPE).
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concatenated for analysis, and log(2) H:L ratios vs. relative abundance plotted for all
identified proteins. As shown in Figure 3.24C, association with PP1 and APPBP2 was
again confirmed, as was enrichment of TCEB1 and its binding partner TCEB2 (aka
Elongin B). Although a STRING-based network analysis did not highlight known
associations between these proteins, screening the dataset against the IMEx interaction
database using NetworkAnalyst indicated direct links between APPBP2 and TCEB1/2,
and between TCEB1/2 and CUL2 (Figure 3.24D), which was also enriched in our screen
(Figure 3.24C). These associations had been deposited as part of a 2008 study that
identified APPBP2 as a new member of the BC box-type CUL2 (Cullin 2) binding protein
family (Mahrour et al. 2008). Future studies will include mapping the region in APPBP2
that mediates association with c200rf27/PP1 and determining the downstream functional

effects of preventing their association.
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CHAPTER 4: Specc1 and Specci1L can form trimeric complexes with

Mypt1/ PP1pB to regulate its subcellular localization

4.1 Identification of Specc1/1L in the PP1g interactome.

In our BAC/HeLa and MCF7 interactome screens for the three human PP1
isoforms we identified several novel proteins not previously defined as phosphatase
complex members. Of interest, was the identification of the Specc1 protein, identified in
both screens as being preferentially associated with PP13 yet possessing no obvious
PP1 binding motif. Furthermore, we identified the related family member SpecciL in our
U20S PP1p focused spatial AP/MS experiment. Given that only a handful of proteins
were PP1p specific, and that the Specc1 family proteins have been linked to cytoskeletal
roles, we speculated that the association of Specc1/1L with the catalytic subunit may be
mediated by the regulatory subunit Mypt1.

To test this, we cloned both family members for insertion into pEGFP expression
plasmids, transiently expressed them in HelLa cells and demonstrated that both GFP-
tagged Specc1 and SpeccilL co-precipitate endogenous Mypt1 (Figure 4.1A).
Furthermore, we demonstrated that GFP-tagged Mypt1, when transiently expressed in
HelLa cells, co-precipitates endogenous Specci1L (Figure 4.1B).

In order to identify other putative interactors enriched with this complex, we
attempted to map the interactome of GFP-Mypt1 using our quantitative SILAC-based
AP/MS approach. U20S cells were labeled with either Light (ROKO) or Heavy (R6K4)
media for 7 days and then transiently transfected with pEGFP or pEGFP-Mypt1,

respectively. The following day cells were harvested and fractionated for preparation of
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Figure 4.1. Specc1/1L associates with Mypt1. A. Western blot analysis demonstrating the co-
purification of endogenous Mypt1 (a-Mypt1, Bethyl Lab.) with GFP-tagged Specc1L and Specc1
(a-GFP). B. Western blot analysis demonstrating the co-purification of endogenous SpeccilL
(a-Mypt1) with GFP-tagged Mypt1(a-GFP). C. Quantitative AP-MS combined with cellular frac-
tionation identifies proteins that co-purify with GFP-Mypt1. Datasets were concatenated and
proteins identified and quanitified using MaxQuant. Data plotted as Normalized Intensity
(Intensity/MW) vs. log (2) Ratio H:L (median value -0.20). Mypt1, PP1f3 and SpecciL are high-
lighted, and the inset table notes the number of peptides identified and log (2) Ratio H:L for each.
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cytoplasmic (CP) and nuclear (NUC) extracts. The data were analyzed both separately
(as CP and NUC datasets) and concatenated. In the concatenated analysis we identified
and quantified 523 proteins. Surprisingly, only Mypt1 itself and four associated proteins
were enriched more than 2-fold above the median H:L ratio (Figure 4.1C), and the top
hits in this select group were PP1p and Specci1lL (dataset provided as Appendix II).
These results suggest that transient overexpression of Mypt1 precludes its proper
localization (and association with known substrates such as myosin), likely due to
saturation of endogenous binding sites. Association with both PP1 and Specc1L under

these conditions may indicate the preservation of a core trimeric complex.

4.2 Endogenous Mypt1 interactome screen confirms association with the
Specc1/1L family of proteins.

In order to map the interactome of Mypt1 under non-perturbed conditions, we
tested various commercial antibodies and optimized one of them (rabbit anti-Mypt1;
Bethyl Laboratories) for use in IP experiments. We then combined this IP with our
SILAC-based differential labeling approach to carry out an endogenous Mypt1
interactome screen. U20S cells were labeled with either Light (ROKO) or Heavy (R6K4)
media, harvested and fractionated for preparation of CP and NUC extracts. Equivalent
total protein amounts of Light and Heavy extracts were incubated with either rabbit IgG
(Control; Light) or anti-Mypt1 antibodies (Experimental; Heavy) covalently conjugated to
Protein G sepharose beads. The beads were combined after pulldown, and all proteins
eluted for separation by 1D SDS-PAGE and in-gel tryptic digestion. Aliquots of the tryptic
peptides were analyzed on a Thermo Orbitrap mass spectrometer and the raw data

analyzed using MaxQuant v1.2.7 4.
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The data were analyzed both separately (as CP and NUC datasets) and
concatenated. In the concatenated analysis we identified and quantified 511 proteins, 97
of which were enriched more than 2-fold above the median H:L ratio (Figure 4.2A). As
expected, PP1p was one of the top hits, as was Specc1L. Specc1 was detected, albeit
below threshold. It is not a common contaminant in our AP/MS experiments, however, so
we believe that it was enriched with Mypt1. Consistent with its well-characterized role in
actomyosin regulation, we saw enrichment of several members of the myosin,
tropomyosin and troponin families with Mypt1. Surprisingly, we also saw enrichment of
LENG3, another MYPT family member. This observation, which we validated by showing
co-precipitation of endogenous Mypt1 with LENG3-GFP (Appendix Ill, Figure A.2),
suggests that they may show some functional overlap in shared complexes. We also saw
enrichment of histones with Mypt1, which would be consistent with its suggested roles in
nuclear events such as transcriptional regulation. This association was confirmed by co-
precipitation of histone H3 with Mypt1 from U20S and HelLa NUC extracts (Figure 2B).
Although histones are common bead contaminants that bind non-specifically to affinity
matrices (Trinkle-Mulcahy et al. 2008), this IP/WB analysis confirmed the >2-fold
enrichment of histone H3 on anti-MYPT1 beads above this background, as quantified in
the AP/MS screen.

More surprising was our observation that endogenous Mypt1 co-precipitated
known actomyosin associates such as the myosin heavy chain, MyH9, and myosin light
Chain, Myl12B, almost exclusively from nuclear extracts of both HeLa and U20S cells
(AP/MS screen and Figure 4.2B), although their association would be predicted to be

more readily detected in cytoplasmic extracts. This could suggest inefficient lysis (i.e. a
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Figure 4.2. Endogenous Mypt1 interactome screen identifies multiple known and
novel interactors, including Specc1/L. A. Quantitative AP-MS combined with cellular
fractionation highlights proteins that co-purified with endogenous Mypt1 (a-Mypt1, Bethyl
Lab). Datasets were concatenated and proteins identified and quanitified using Max-
Quant. Data plotted as Normalized Intensity (Intensity/MW) vs. log (2) Ratio H:L (median
value 2.54). Specific protein families are highlighted on the graph, while the inset table
notes the number of peptides identified and the log Ratio H:L for Mypt1, PP1p, Specc1/L
and Leng3. B. IP/Western blot analysis of U20S and Hela extracts validating the co-
purification of the myosin heavy chain MyH9 and light chain Myl12B with Mypt1. Histone
H3 also co-precipitates with Mypt1 (two-fold higher enrichment on anti-Mypt1 vs. 1gG
beads). For these experiments, a different a-Mypt1/ antibody was used for the IP. Mark-
ers for CP (a-tubulin) and NUC (Lamin A/C) are shown.
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high proportion of whole cells ending up in the nuclear pellet). However, we had
previously confirmed the efficiency of our fractionation by direct quantitative whole
proteome analysis (See Figure 1A in Ch. 3.1). In that analysis, protein families such as
myosins, actins and tropomyosins are predominantly cytoplasmic, whether we used a
Dounce-based fractionation method (HelLa cells) or a detergent-based fractionation
method (U20S cells). The fact that the majority of myosin is detected in the CP extract
but co-precipitates with Mypt1 primarily from the NUC extract suggests that an abundant
pool of soluble myosin ends up in the CP extract as expected, while a smaller pool of
filamentous myosin (which is in complex with actin, Mypt1, etc.) ends up in the NUC
extract. We attempted to confirm this association by fluorescence imaging of phalloidin-
stained actin filaments on purified, Hoechst-stained nuclei, but the results were
inconclusive.

Moving forward, we decided to concatenate the CP and NUC data for analysis and
presentation as a whole cell interactome. As discussed in Ch 3.1, we had already
demonstrated that cellular fractionation increased interactome coverage significantly, as
shown by direct comparison of HeLa/GFP-PP1a whole cell vs. concatenated CP/NP/No
analyses. The whole cell Mypt1 interactome that we mapped with two biological
replicates (see Appendix Il for the datasets) confirmed association of the protein with
PP18 and Specc1/1L in cell extracts, while also highlighting multiple known (e.g.

myosins) and novel (e.g. dynactins) interactions.

4.3 Specc1 and Specc1L both associate with the actin cytoskeleton and the
MT network

Consistent with previous reports in the literature, staining of endogenous SpecciL
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revealed a predominantly cytoskeletal (CSK) pattern in interphase cells, as confirmed by
colocalization with phalloidin-stained filamentous actin (Figure 4.3A). When transiently
overexpressed at low levels, GFP-tagged Specci1L shows a similar localization pattern.
Expression of increasingly higher levels, however, results in aberrant accumulation on the
MT network, which reorganizes into thicker MT structures (Figure 4.3B). These thicker
MT structures counter-stain with antibodies raised against both alpha-tubulin and
acetylated alpha-tubulin (Figure 4.3C). Given that the latter is a commonly accepted
marker for stabilized MTs, we decided to use Alexa647-conjugated secondary antibodies
to image the acetylated alpha-tubulin staining pattern in Specc1L-GFP overexpressing
cells by dSTORM (direct Stochastic Optical Reconstruction Microscopy) super-resolution
imaging, which allows us to observe these structures in more detail. This approach
clearly highlighted that the structures appear to be bundles of MTs lying in parallel (Figure
4.3D).

In order to minimize overexpression artefacts while allowing us to assess the
dynamic localization of GFP-tagged SpecciL in live cells, we established U20S cell lines
that stably overexpress the fusion protein at very low levels. Western blot analysis
confirmed that two of the clonal lines we established, E8 and E16, express low levels of
full-length Specc1L-GFP (Figure 4.4A), and that the fusion protein co-purifies
endogenous Mypt1 (Figure 4.4B). For both lines, a predominantly cytoplasmic localization
was observed for Specc1L-GFP during interphase (Figure 4.4C), and counter-staining
with phalloidin confirmed that the filamentous pattern represented actin filaments (Figure
4.4E), consistent with the observed localization of the endogenous protein (Figure 4.3A).

The fusion protein was expressed at levels ~5-fold that of the endogenous protein, as
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Figure 4.3. Overexpression of SpecciL induces MT stabilization. A. Localization of endog-
enous SpeccilL (green) detected by anti-SpecciL antibody in U20S cells, actin filaments
detected by Phalloidin (Red) and Microtubules detected by anti-aTubulin (blue). Cells were PFA
fixed at 37°C for 10 min to preserve the MT network. Arrow points to the phalloidin-stained actin
filaments. B. U20S cells transiently overexpressing Specc1L-GFP (green) and stained with
Hoechst 33342 (blue) were imaged live to collect 3D Z-stacks and annotate the predominant
Specc1L-GFP localization pattern. GFP intensity/area for each cell was calculated from summed
intensity projections and plotted as mean +/-SE for >20 cells (n = 3). C. Localization of Specc1L-
GFP (green) when overexpressed at high levels in HeLa cells. Cells were fixed with PFA at 37°C
for 10 min and stained with anti-a-tubulin (left panel; red) or anti-acetylated-a-tubulin (right panel;
red) antibodies. D. Super resolution imaging of the acetylated microtubule pattern detected by
anti-acMT-Alexa647 antibodies in Specc1L-GFP overexpressing cells demonstrates the bundled
MT structure (for clarity, regions of interest are shown inverted and enlarged in inset boxes).
Scale bar represents 10 ym.
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Figure 4.4. Stable expression of GFP-tagged SpecciL validates the Mypt1 interaction and steady-
state actin CSK localization. A. WB analysis of U20S cells stably expressing Specc1L-GFP (black arrow),
highlighting clones 8 and 16 which contain mininal degradation products. B. WB analysis validating the co-
purification of endogenous Mypt1 (detected using anti-Mypt1; Bethyl Labs) with GFP-tagged SpecciL
(detected using anti-GFP) from clone 8 and 16 stable cell lines. C. Localization of stably expressed Specc1L-
GFP (green) in clone 8 and 16 stable cell lines PFA-fixed and stained with DAPI (blue). D. WB analysis of
parental U20S and Specc1L-GFP clone 8 cell lysates probed with anti-SpecciL to detect both the endog-
enous (lower arrow) and fusion (upper arrow) proteins. E. Localization of Specc1L-GFP in the U20SSpeccL-GFP
clone 8 stable cell line, with filamentous actin detected by phalloidin (red) and microtubules by anti-a-tubulin
(blue). Cells were PFA-fixed at 37°C for 10 min. F. Live imaging of Specc1L-GFP in the clone 8 stable cell
line. Images were taken every 10 min. Arrow indicates bundled MTs. Scale bar is 50 um.
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demonstrated by Western blot analysis of clone 8 with anti-Specc1L antibodies (Figure
4.4D).

Interestingly, although the clonal lines had been chosen based on low expression
levels of the GFP-tagged fusion protein and the absence of overexpression artefacts, we
did observe accumulation of Specc1L-GFP at MT bundles in a small percentage of cells.
Live imaging demonstrated that this phenotype is dynamic, with MT bundles observed to
assemble and disassemble over time in a subset of cells (Figure 4.4F). This suggests
that even a low overexpression of Specc1L, which can associate with both the actin CSK
and the microtubule network, has the potential to affect their homeostatic balance.

This ability to monitor dynamic localization patterns in live cells is a major benefit
of the U2085P“"CFP stable cell line, and we next turned our attention to the behavior of
the protein throughout the cell cycle. Upon entry into mitosis, Specc1L-GFP was
observed to relocalize to the mitotic spindle in metaphase, and then to the cleavage
furrow and contractile ring during late anaphase/early telophase (Figure 4.5A-B). WB
analysis confirmed that the Mypt1-Specc1L association continues in mitosis (Figure
4.5C), both in the presence (STLC-arrested cell extracts) and absence (NOC-arrested
cell extracts) of the mitotic spindle. Live imaging also confirmed a transient association of
GFP-tagged Specci1L with centrosomes prior to the onset of mitosis (Figure 4.5D). This
transient recruitment to centrosomes had been suggested, but not demonstrated, in a
previous study (Mattison et al. 2011), and suggests a role in spindle assembly. Although
our focus here will be on interphase roles, it is important to note that the proteins remain

in complex throughout the cell cycle, which suggests additional mitotic roles.

123



A Interphase Metaphase Telophase

d49-110%adg Idvd

ulingn

Anaphase

N
15um 15um

Specc1L-GFP

Idvd

97 — Mypt1

aTubulin

51 —‘- = ==

T=1hr 30min T=1hr 40min T=1hr 50min

.
0

Ve

-’

{ 40um

ulpiojleyd 44o-7120adg

o
.

Figure 4.5. Specc1L-GFP associates with MTs, Actin and Mypt1 during mitosis. A-B. Specc1L-GFP (Green)
in the U20SSrecciLCFP stable cell line localizes to the mitotic spindle in metaphase (arrowhead) and the cleavage
furrow (arrow) in anaphase and telophase. Cells were PFA-fixed at 37°C for 10 min and stained to detect either
MTs (anti-a-tubulin; red in A) or actin (Phalloidin; red in B). DNA was stained with DAPI (blue). C. Western blot
analysis demonstrating co-purification of endogenous Mypt1 (anti-Mypt1; Bethyl Labs) with Specc1L-GFP (anti-
GFP) from extracts of untreated (UT) cells and cells arrested using Nocodazole (NOC) or STLC. Alpha-tubulin
was the loading control. D. Live imaging of the U20S8SreccLGFP stable cell line captured a previously proposed
transient association of the protein with centrosomes (hashed arrows).
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To assess whether the related family member Specc1 behaves similarly to
Specci1l, we cloned and transiently overexpressed GFP-tagged Specc1 in U20S cells.
This is a more complex protein in that four isoforms are predicted, specifically splice
variants that differ at either the N- or C-terminus, or both (Figure 4.6A). We chose to
focus on isoforms 1 and 4 because they contain the full C-terminus of the protein, the
region that contains the calponin homology (CH) domain, and thus are most similar to
Specc1L. These isoforms differ at their N-termini, with first 94 amino acids of isoform
(Iso) 1 replaced by a different 13 amino acid region in isoform (Iso) 4 (Figure 4.6A). Our
interactome analyses could not confirm which of the isoforms co-precipitated with Mypt1,
as no unique peptides were detected. Although both Specc1/Iso1 and Specc1/Iso4 are
predominantly cytoplasmic, Iso1 was observed to accumulate at MTs even at low levels
of expression, and induced the bundled/acetylated phenotype as expression levels
increased (Figure 4.6B, left panel). Iso4 accumulated at the actin CSK at both low and
high levels of expression (Figure 4.6B, right panel). This suggests that different isoforms
of Specc1 may mediate its MT and CSK roles, and that the N-terminus is involved in MT
association.

It is interesting to note that Specc1L, in contrast to Specc1, only has one additional
predicted isoform, which is missing 38 amino acids at the C-terminus. This is consistent
with the isoform that we cloned (Specc1L/Iso1) mediating both MT and CSK association.
We therefore decided to focus our analysis on this protein in order to determine its

overlap with the Mypt1/PP1p complex.
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Figure 4.6. Specc1 isoforms show differences in their subcellular localization
patterns when transiently overexpressed in cells. A. Schematic showing the four splice
variant isoforms of Specc1, with the two that we cloned (Iso1 and Iso4) highlighted in red
boxes. B. Specc1/Iso1-GFP (green) accumulates predominantly at MTs, with the bundled
phenotype (arrowhead) induced with higher expression levels. Specc1/Iso4-GFP shows a
predominantly actin CSK localization (arrow) even when overexpressed at high levels.
Cells were PFA-fixed at 37°C for 10 min and stained with anti-a-tubulin (blue) and either
anti-acetyl-a-tubulin (Iso1; red) or Phalloidin (Iso4; red). Scale bars at 15 um.
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4.4 Mypt1 and SpeccilL interactomes show significant overlap
In the absence of robust/reliable antibodies that specifically immunoprecipitate

endogenous Speccil, we decided to use our U20SSPeccit-GFP

cell line to map the
protein’s interactome in a quantitative AP-MS experiment, with our U20S®P cell line as
the built-in negative control. Cells were harvested and fractionated to reduce complexity.
Pull-down experiments were performed on CP and NUC extracts using the GFP-
Trap_A™ affinity matrix. The beads were combined after pulldown, and all proteins eluted
for separation by 1D SDS-PAGE and in-gel tryptic digestion. Aliquots of the tryptic
peptides were analyzed on a Thermo Orbitrap mass spectrometer and the raw data
analyzed using MaxQuant v1.2.7.4. The data were analyzed both separately (as CP and
NUC datasets) and concatenated (datasets included in Appendix II).

We identified numerous proteins that were specifically enriched with Specc1L-
GFP, and compared this list to the endogenous Mypt1 interactome (Figure 4.2A) to
determine their overlap. In our Specc1L-GFP concatenated analysis we identified and
quantified 693 proteins, 67 of which were enriched more than 2-fold above the median
H:L ratio. Comparison of the high-confidence Mypt1 and SpeccilL interactor datasets
revealed that 29 proteins were enriched with both >2-fold above background (Figure
4.7A). This overlap represents 76% of the Specci1L interactome and 43% of the Mypt1
interactome, and includes shared association with several cytoskeletal proteins, including
myosin, actins and intermediate filament factors (Figure 4.7B). Examples of unique
associations include the specific enrichment of several members of the dynactin family
with Mypt1 (DCTN1-5) and the nuclear pore complex member (NUP205) with SpecciL,

which will be followed up on in future work. Importantly, the high degree of overlap of
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Figure 4.7. Mypt1 and SpeccilL interactomes show a significant overlap of proteins associated
with the actin cytoskeletal network. A. Venn Diagram illustrating the number of high confidence inter-
actors (>2-fold enrichment) in our Mypt1 and Specc1L-GFP interactomes that significantly overlap, and
a summary of their subcellular roles. B. Full list of shared interactors showing their log(2) H:L ratios and
normalized intensities in both datasets (median ratios noted below table). Note that although PP1p was
sub-threshold in the Specc1L interactome (grey), their association has been confirmed by IP/WB.
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their interactomes supports our hypothesis that Specc1L and Mypt1 are both found in
similar cytoplasmic complexes and predominantly associated with the actin cytoskeleton
in interphase cells. The association of PP1p with SpecciL, although found below the
threshold in the SpecciL interactome, was confirmed by IP/western blot analysis done

from the NUC extract of the stable cell line (Appendix Ill, Figure A.3)

4.5 The C-terminal half of Specc1/1L mediates association with the actin
cytoskeleton

The presence of a CH domain at the C-terminus of Specc1L has been suggested to
facilitate actin binding(Gimona et al. 2002). We first tested whether the C-terminal half of
the protein, which contains this region, mediates association of Specc1L with actin. To do
this, we created truncation mutants consisting of either the N-terminal (aa 1-462) or C-
terminal (aa 462-1117) half of SpecciL fused to GFP (Figure 4.8A, 4.10A). We
demonstrated a filamentous localization pattern for the C-terminal half of Specc1lL, and
confirmed its specific colocalization with phalloidin-stained actin filaments (Figure 4.8B).
The C-terminal fragment of Specc1, which is conserved in Iso1 and Iso4, shows a similar
filamentous localization pattern (Figure 4.8C) to that of full-length Specc1/Iso4 (Figure
4.6B, right panel).

Association with the actin cytoskeleton was further confirmed by demonstrating the
loss of the filamentous localization pattern when cells were treated with 2 uM Latrunculin
(LAT) for two hours to disrupt filamentous actin. Conversely, short-term treatment with
the MT destabilizing drug Nocodazole had no effect on the localization pattern of the
GFP-tagged C-terminal half of Specci1L (Figure 4.8D), which would be expected as it

does not colocalize with MTs (see inset, which shows an untreated cell).
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Figure 4.8. The C-terminal (462-1117) half of SpecciL co-localizes with the actin CSK. A. Schematic
illustrating the domains that are included in the 462-1117 Specc1L Fragment. B/C. GFP-tagged Specc1/1L
C-term (green) shows a filamentous pattern that colocalizes with phalloidin-stained filamentous actin (red).
Cells were fixed with PHEM/PFA at 37°C for 10min, where the DNA was stained with DAPI (Blue). D. Disrup-
tion of filamentous actin with 2 uM Latrunculin for two hours disrupted the localization of the C-term half,
whereas disruption of the MT network, seen by tubulin staining (red) with 8.3 yM Nocodazole had no affect on
the localization, where GFP-Specc1L C-term (green) retained its CSK localization pattern. The inset demon-
strates that the localization of GFP-Specci1L C-term does not overlap with the MT network. It also demon-
strates the localization pattern of the MTs, seen by staining of tubulin (red), before NOC treatment. Cells were
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With both Specci1L and Specc1 able to associate with the actin CSK, and the fact
that their C-terminal halves show the highest conservation in the CH domain (83.5%
identical; see Figure 1.8B in the Introduction), it is reasonable to assume that this region
governs actin association. However, analysis using the ELM (eukaryotic linear motif)
online resource identified two putative WH2 actin-binding domains in the C-terminal half
of Specc1L, upstream of the CH domain (aa 505-523 and aa 807-824; Figure 4.9A), and
3 in a similar region in Specc1 (aa 480-498, aa 615-632 and aa 731-749; Figure 4.6A).
We therefore further divided our Specc1L C-terminal half into two truncation mutants
(Figure 9A), one lacking the CH domain (aa 462-890) and the other including this domain
plus ~100 aa upstream of it (aa 891-1117).

Removal of the CH domain from the C-terminal half of Specc1L did not obviate actin
association (Figure 4.9B), although the pattern appears to be somewhat different to that
observed for the CH domain-containing fragment (Figure 4.9C). While the latter
distributes along straight stretches of a filamentous network, as observed for phalloidin
staining of non-transfected cells, overexpression of the 462-890 truncation mutant
appears to induce a “whorled” pattern of actin filaments in the center of the cell. This
suggests that both regions play roles in the targeting of Specci1L to the actin network,
perhaps by mediating association with particular actin structures, and that certain
truncated fragments of the protein may act as dominant-negative mutants that disrupt

normal filament architecture.

4.6 The N-terminal half of Specc1/1L associates with MTs

We and others have shown that Specc1L accumulates at the mitotic spindle during

mitosis, and can override its predominant actin CSK association pattern in interphase by
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Figure 4.9. Removal of the CH domain (CHD), from the C-terminal (462-1117) half of
SpecciL, does not abolish the association with the actin CSK. A. Schematic illustrating how
the C-terminal fragment of Specc1L was split, demonstrating the domains that remained with the
AN-termACHD (462-890) and the CHD (891-1117) fragment. B. GFP-tagged Specc1LAN-termA
CHD (green), shows regions of overlap with phalloidin-stained filamentous actin (red) and less so
with the tubulin-stained MTs (blue). C. GFP-tagged Specc1L CHD (Green) has a more filamen-
tous actin localization pattern that overlaps with phalloidin-stained filamentous actin (red) and not
with the tubulin stained MTs (blue).
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accumulating at MT bundles when overexpressed at high levels (Saadi et al. 2011;
Mattison et al. 2011). Both observations suggest that Specc1L can associate with the MT
network, although it has no obvious MT binding domains. Given that the C-terminal half of
the protein mediates association with actin, we speculated that the N-terminal half may
mediate MT association.

When transiently expressed in cells, the N-terminal half (aa 1-461; Figure 4.10B)
of Specc1L was observed to accumulate at MTs counter-stained with anti-a-tubulin. This
localization pattern was lost when cells were treated with 8.3 uM Nocodozole (NOC) for
two hours, which disrupts the MT network by destabilizing the MTs (Figure 4.10C).
Similarly, the N-terminal half of Specc1/Iso1 (aa 1-461) also accumulates at the MT
network (Figure 4.10D). Furthermore, analysis of the localization of this fragment
throughout the cell cycle confirmed that it also mediates association with the mitotic
spindle (Figure 4.10E).

Unlike full length Specc1L and Specc1/Iso1, overexpression of the truncation
mutants does not induce MT bundling/acetylation, suggesting that additional regions of
the protein are required for this phenotype. Figure 4.11 shows a CLUSTAL alignment of
the N-terminal halves of Specc1/Iso1 and Specci1lL, which highlights a stretch of ~50 aa
(yellow box) that is 70% identical. Interestingly, this region contains amino acid mutations
found in the SpecciL gene of patients with genetic malformations. It is also just
downstream of two serine residues in Specci1L (S384, S385) that we have identified as
being phosphorylated in interphase and potentially regulated by Mypt1 (discussed below).
It is tempting to speculate that domain is involved in the MT association of Specc1/L, and

future work will test the functional effect of mutations within and near this region
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Figure 4.10. The N-terminal half (1-461) of Specc1/1L colocalizes with the MT network. A. Schematic il-
lustrating the domains that are included in the 1-461 Specc1L Fragment. B. GFP- tagged Specci1L N-term
shows a MT-like pattern that colocalizes with tubulin (red). C. Disruption of microtubules with 8.3 uM Nocodo-
zole for two hours, confirmed by tubulin staining (red), disrupted the localization pattern of the N-term half of
Speccil, as seen by the diffuse cytoplasmic distribution. D. GFP-tagged Specc1 N-term shows a MT-like
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Figure 4.11. Clustal Omega Alignment of amino acids 1-461 of human Specc1L vs Specc1
(Isoform 1). The region highlighted in yellow shows a 70% identity between Specc1lL and
Specc1. Amino acids T397 and Q415 are found to be mutated in SpeccL in patients with Opitz
G/BBB Syndrome and Tessier IV Clefting, respectively. The amino acids highlighted in blue,
S355, S384 and S385, were identified as phosphorylated in SpecciL.
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In order to test whether the association of Specc1L with MTs is direct or indirect,
we performed a microtubule binding protein spin-down assay (Cytoskeleton). Purified
recombinant His-tagged Specc1L N-term was mixed with freshly prepared MTs and the
reaction mix centrifuged at 100,000 x g. At this speed, the MTs pellet through a glycerol
cushion buffer, along with any protein that directly associates with them. The SpecciL
fragment was observed to specifically pellet in the presence of MTs, but remained soluble
in their absence (Figure 4.12). BSA was included as a negative control, as it does not
bind MTs and thus remains in the soluble fraction, while the known MT binding protein
MAP4 was included as a positive control. This assay confirms for the first time that
Speccil is a bona fide MT binding protein, and that the N-terminal half of the protein

mediates this direct interaction.

4.7 Removal of the CH domain from SpecciL shifts the steady state

localization away from filamentous actin and toward MTs

Given the strong association of the CH domain-containing region (Specc1L/890-
1117) with actin, and the fact that the N-terminal half (1-462) of Specc1L mediates
association with MTs, we hypothesized that the removal of the CH domain from the full-
length protein would shift the actin/MT localization balance. Figure 4.13 demonstrates
that removal of the CH domain from full-length Specc1L (Specc1LACHD mutant; Figure
4.13A) results in an increased association with the MT network (Figure 4.13B). The MT
localization was retained following short-term treatment with LAT to disrupt filamentous
actin, while short-term treatment with NOC to disrupt the MT network revealed an
underlying actin CSK association, in a whorled internal filament pattern similar to that

observed for Specc1L/462-890. These results indicate that the Specc1LACHD mutant is
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Figure 4.12. MT spin down assay confirms direct binding of the N-terminal half of SpecciL to MTs.
Bacterially purified recombinant His-tagged Specc1L/1-461, purified BSA (- control) or purified MAP4 (+
control) was mixed with MTs freshly prepared from purified tubulin, and the reaction mix centrifuged at
100,000 x g. Soluble (S) fraction was separated from the pelleted (P) fraction and resolved by 1D SDS-
PAGE. A. Coomassie stained gels illustrate that, like MAP4, Specc1L/1-461 is found with the MTs in the
pelleted (P) fraction, while (BSA) remains in the soluble (S) fraction. B. Western Blots with an anti-His anti-
body confirmed that Specc1L/1-461 is found with the MTs in the pelleted (P) fraction, and in the soluble
(S) fraction in the absence of MTs. Purified protein (His-Specc1L/1-461) is shown as a loading control.
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Figure 4.13. Removal of the CH domain disrupts the steady state localization of Specc1L. A. Schematic il-
lustrating the domains that are included in the 1-890 Specc1L Fragment. B. GFP-tagged Specc1L/1-890 (green)
shows a MT-like pattern that colocalizes primarily with tubulin (red). The white box highlights the region that is
expanded in the inset. Following treatment with 2 um Latrunculin for two hours to disrupt actin filaments, a MT
localization pattern is still observed for Specc1L/1-890 (arrowhead), as confirmed by counter-staining with anti-
a-tubulin (red). Treatment with 8.3 uM Nocodozole for two hours, to disrupt the MT network, revealed an under-
lying actin filament association (arrow), as confirmed by counter-staining with Phalloidin (red). Cells were fixed
with PFA at 37°C for 10 min and DNA stained with DAPI (blue). Scale bars are 15 um.
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capable of associating with both the actin CSK and the MT network, which further
confirms the presence of an additional actin binding region. Interestingly, this truncation
mutant is not as efficient at promoting MT bundling/stabilization as full-length Specc1L
when overexpressed at high levels, suggesting that the CH domain contributes to this

phenotype.

4.8 Mypt1 directly interacts with Specci1L, and their association is mediated
by their respective C-termini

Given that transiently overexpressed GFP-tagged Mypt1 was found in complex
with only two proteins, PP18 and SpecciL, we speculated that Mypt1 interacts directly
with both in a trimeric complex. Such complexes have been observed previously for PP1,
and are believe to provide added specificity/regulation of the phosphatase holoenzyme
complex (H. Wang & Brautigan 2002; Jin et al. 2003; Lee et al. 2010).

Initial attempts to demonstrate a direct interaction between Mypt1 and SpecciL
were complicated by the fact that neither express well in bacteria and both are heavily
degraded during purification. Using GlobPlot 2.3 to predict regions of disorder and
globularity, we designed a truncation mutant strategy to probe for the association of
specific regions of both proteins. Before testing direct association in vitro, we first
assessed association of the truncation mutants in vivo.

We expressed the GFP-tagged N-terminal (aa 1-461) and C-terminal (aa 462-
1117) halves of SpecciL in U20S cells and affinity purified them from lysates using the
GFP-Trap™. Our results indicate that the C-terminal half of SpecciL mediates
association with endogenous Mypt1 (Figure 4.14A). Similarly, only the C-terminal half (aa

462-1068) of Specci1/lso1 co-purified MYPT1 (Figure 4.14B). Testing the rest of our
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Figure 4.14. The C-terminal half of Specc1/1L mediates association with Mypt1. A. Endog-
enous Mypt1 co-purifies with the C-terminal (462-1117) but not N-terminal (1-462) half of Specc1L
when transiently overexpressed in U20S cells and pulled down on GFP-Trap beads. B. Similarly,
only the C-terminal (462-1068) half of Specc1/Iso1 co-precipitates Mypt1. C. Pulldowns of all the
Speccil fragments reveal that the minimal region required for Mypt1 association is aa 462-890 (A
N-termACHD).
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Specci1lL truncation mutants, we discovered that all of the C-terminal fragments are
capable of interacting with endogenous Mypt1 (Figure 4.14C). The minimal region of
Specci1l that we showed could mediate their association was the fragment containing aa
462-890 (AN-termACHD). This region is distinct from the MT binding domain (1-461) and
the actin-binding CH domain (891-1117).

In order to determine which region(s) of Mypt1 associate with Specc1L, we divided
Mypt1 into three regions: an N-terminal region containing the ankyrin repeats (ANK; aa 1-
344), a middle region (MID; aa 345-653) and the C-terminal domain that contains a coiled
coil region and a leucine zipper (LZ) domain (CD; aa 654-1030) (Figure 4.15A). The
localization of the fragments, illustrated in Figure 4.15B, is consistent with results in the
literature that have previously shown GFP-Mypt1(ANK) to be nuclear, (MID)Mypt1-GFP
to be both nuclear and cytoplasmic and GFP-Mypt1(CD) to be predominantly cytoplasmic
and associated with the cytoskeleton(Y. Wu et al. 2005). The GFP-tagged fragments
were transiently overexpressed and affinity purified using the GFP-Trap™. As shown in
Figure 4.15C, only the CD fragment of Mypt1 co-precipitates endogenous Specci1L. This
is the same fragment that has been shown to mediate association with myosin(Grassie et
al. 2011). As expected, both GFP-Mypt1(ANK) and GFP-Mypt1(CD) co-precipitated
PP1B, which is consistent with literature showing PP1 association domains in both of
these regions (Terrak et al. 2004; Khromov et al. 2009). Similarly, when co-expressed in
cells, the mCherry-tagged C-terminal half of Specci1L co-precipitates with the GFP-
tagged CD fragment of Mypt1 (Figure 4.15D).

We next set out to determine whether the interaction of Specc1L with Mypt1 is

direct. To do this, we expressed and purified recombinant GST-Mypt1(CD), as the full-
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Figure 4.15. The C-terminal region (CD) of Mypt1 mediates association with Specc1L. A. Schematic
showing key domains within Mypt1, including the N-terminal ankyrin repeat region, the phosphoresidues
(T696 and T853) linked to regulation of Mypt1/PP1p activity and the C-terminal leucine zipper (LZ) motif. Our
mutation strategy divided the protein into ANK (aa 1-344), MID (aa 345-653) and CD (654-1030) fragments
for analysis. B. Localization of GFP-tagged Mypt1 fragments (green) transiently overexpressed in U20S
cells. Only the CD shows a filamentous pattern (arrow). Cells were PFA-fixed and stained with DAPI (blue).
Scale bars are 15 um. C. Co-precipitation of endogenous SpecciL with the GFP-tagged CD fragment of
Mypt1. D. Co-precipitation of mCherry-tagged Specci1L/Cterm (aa 462-1117) when co-expressed with the
GFP-tagged CD fragment of Mypt1. IP of free GFP is included as a negative control in C-D.
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length protein is heavily degraded during expression/purification. Similarly, full-length
Specc1L was heavily degraded. Therefore, we chose to work with Specc1LACHD (1-
890), which is a close representation of the full-length protein but easier to express and
purify, and retains the Mypt1 association region (Figure 4.14C). We also expressed and
purified the C-terminal half of Specci1L (aa 462-1117), but like the full-length protein, it
also showed substantial degradation.

To test direct interaction, we utilized a far Western blot approach in which purified
His-Specc1LACHD was resolved on a 1D SDS-PAGE gel, transferred to a nitrocellulose
membrane and overlaid with either purified GST-Mypt1(CD) or GST alone for 4 hrs.
Figure 4.16A shows the specific and direct binding of GST-Mypt1(CD) to His-
Specc1LACHD (aa 1-890). Although we did not observe binding to the His-Specc1L/462-
1117 fragment, probing the stripped WB with anti-His revealed that it was much more
heavily degraded. Interestingly, the single degradation/cleavage product that was
observed, running between the 39 and 51 kDa MW markers, did bind to GST-Mypt1(CD).
Given that the His tag is N-terminal to the protein, we can conclude that the observed
fragments are produced by degradation/cleavage from the C-terminal end and estimate
which regions may be conserved. The predicted molecular weight for the minimal Mypt1
binding region of aa 462-890 in SpecciL is 49 kDa (ExPASY), which falls within the size
range (39-51 kDa) observed for the degradation/cleavage product of Specc1L/462-1117
that we observe binding to GST-Mypt1(CD). Taken together, these results support our
observation that the Mypt1 binding region is located in the 462-890 region of SpecciL.

Future work will attempt to map the region with higher specificity.
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Figure 4.16. Specc1L directly interacts with Mypt1. A. Far Western blot approach in which purified re-
combinant His-tagged SpeccL fragments were separated on an SDS-PAGE gel, transferred to a nitrocel-
lulose membrane and overlaid with purified GST-Mypt1(CD) or purified GST. B. Western blot demonstrat-
ing that HisSpecc1L1-890 co-IPs with GST-Mypt1(CD) but not with GST alone. In this experiment, purified
recombinant HisSpecc1L1-890 was combined with GST-Mypt1(CD) in vitro, GST-Mypt1(CD) or GST
alone immobilized on Glutathione Agarose beads and eluted proteins separated on an SDS-PAGE gel for
transfer to nitrocellulose membrane and detection of the Specc1L fragment with anti-His antibodies. The
WB was stripped and re-probed with anti-GST antibodies to detect GST-Mypt1(CD) and GST.
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As a complementary approach, we combined the purified His-Specc1LACHD
fragment with either purified GST-Mypt1(CD) or GST alone, immobilized the latter two
proteins on Glutathione Agarose beads, and detected co-purified HisSpecc1LACHD by
WB analysis using anti-His antibodies. Figure 4.16B shows the results of the pulldown
assay demonstrating that HisSpecc1LACHD co-precipitates with GST-Mypt1(CD) but not
with GST or beads alone. Interestingly, we observed that degraded/cleaved forms of
HisSpecc1LACHD (even those relatively close to the size of the 1-890 fragment) do not
associate with Mypt1, which caused us to take a closer look at the region of the protein
upstream of aa 890.

We previously showed that the C-terminal halves of both Specc1L (aa 462-1117)
and Specc1 (aa 462-1068) mediate association with Mypt1 (Figure 4.14A/B). As shown in
Figure 4.17A, these regions contain either a single coiled coil domain (CCD3 in SpecciL,;
aa 487-707) or two coiled coil domains (CCDs 3-4 in Specc1; aa 480-532 and aa 579-
777). Alignment of the CCD3 domain of Specc1L with these CCDs of Specc1 revealed
the highest conservation (66.7% identity in yellow highlighted region) with the CCD4
domain (Figure 4.17B). The region of Specc1L that corresponds to the conserved domain
is aa 685-792. If this conserved domain mediates Mypt1 binding, then we would predict
that a Specc1L/1-890 fragment that degrades past this region would not associate with
Mypt1. Specc1L/1-792 has a predicted molecular weight of ~89 kDa (EXPASY). If the
region of aa 685-792 is the minimal binding region required, then a degraded form of
Specc1LACHD deleted from the C-terminus and smaller than 89 kDa would not associate
with Mypt1. It is thus tempting to speculate that the HisSpecc1LACHD degraded/cleaved

band that runs just below the full-length protein (Figure 4.16B; arrow) and does not

145



237-280  394-449 487-807 1013-1111
1 €CD1 @— u ccD3 U— CHD — 1117 SpeCC1L
Putative Putative
WH2: WH2:
505-523 807-824
CccD1  CCD2/3 ccD4 CHD
—] A i H |[ 1068 Specc1 (Iso1)
157-260 365-455 \/ 579-777 964-1062
480-532
Putative Putative
WH2: WH2:

B

SpecclLCCD3(487-807)
SpecclCCD4(579-777)

SpecclLCCD3(487-807)
SpecclCCD4(579-777)

SpecclLCCD3(487-807)
SpecclCCD4(579-777)

SpecclLCCD3(487-807)
SpecclCCD4(579-777)

SpecclLCCD3(487-807)
SpecclCCD4(579-777)

SpecclLCCD3(487-807)
SpecclCCD4(579-777)

480-498 615-632

731-749

RYMELEQRYMDLAENARFEREQLLGVQQHLSNTLKMAEQDNKEAQEMIGALKERSHHMER

DLLESVRLDKEKAETLASSLQEDLAHTRNDANRLQDAIAKVEDEYRAFQEEAKKQIEDLN
EMLKVARAEKDLLELSCNELRQELLKANGEIKHVSSLLAKVEKDYSYLKEICDHQAEQLS
seks Lk gk * R P Y s s skk KKk gk s % E TN

MTLEKLRSDLDEKETERSDMKETIFELEDEVEQHRAVKLHDNLIISDLENTVKKLQDQKH
RTSLKLQEKASESDAEIKDMKETIFELEDQVEQHRAVKLHNNQLISELESSVIKLEEQKS

* kko . Kk sek _ kkkkkkkkkkkghkkkkkkkkhkk gk ghkkgkk ok kkgogkk

DMEREIKTLHRRLREESAEWRQFQADLQTAVVIANDIKSEAQEEIGDLKRRLHEAQEKNE
DLERQLKTLTKQMKEETEEWRRFQADLQTAVVVANDIKCEAQQELRTVKRKLLEEEEKNA

*gkkgghkk saakks Kkkgkkkkkkkkkkgkhkkk hkkgokg skk gk kg kkk

KLTKELEEIKSRKQEEERGRV 321
RLOKELGDVQGHGRVV=-=—=-— 199

sk Kkk g1l

72/108=66.7 % identity

60

120

180
63

240
123

300
183

Figure 4.17. Clustal Omega Alignment of CCD3 (aa 487-807) in Specc1L with CCD4 (aa 579-777)
in Specc1 reveals a highly conserved region. A. Schematic showing the location of the coiled coil do-
mains (CCDs) within the C-terminal halves of SpecciL and Specc1. B. Alignment of Specc1L/CCD3
with Specc1/CCD4 identified a region (highlighted in yellow) that shows a 66.7% identity. This region
corresponds to aa 685-792 in Specc1L and aa 660-767 in Specc1/Iso1.

146



associate with Mypt1 may be missing part of this conserved 685-792 region. Future
experiments will address this directly, by testing additional truncation mutants.

Our results thus far demonstrate that the interaction of Specc1L with Mypt1 is
direct, and that the minimal regions required for their association are aa 462-890 of
Specc1lL (contains the two CCDs) and aa 654-1030 of Mypt1 (contains a coiled coil
domain and leucine zipper motif). Importantly, this illustrates that Mypt1 is capable of
binding both PP1p and SpecciL at the same time in a trimeric complex, as the N-
terminus of Mypt1 primarily mediates PP1p binding while the C-terminus mediates
Specc1lL binding. Furthermore, Specci1L binds Mypt1 via a region distinct from its MT
binding domain and the CH actin association domain, which would allow it to access both

the MT and actin networks while in complex with Mypt1/PP1§.

4.9 Mypt1/PP1p regulates a phosphosite in the N-terminal half of Specc1

Large-scale phosphoproteomic screens have identified phosphoresidues in both
Specc1 and Speccil, and given their association with a phosphatase complex, we
wanted to determine whether these proteins are also substrates for Mypt1/PP1 complex.
Many PP1 regulatory subunits have been shown to be substrates for the phosphatase
under specific conditions, and in some cases their regulated phosphorylation mediates
association with the phosphatase itself. Given that we do not have antibodies that
reliably/specifically immunoprecipitate Specc1 or Speccil, we utilized our U20S5Pee¢T
CFP stable cell line in a Specc1L-GFP phosphopeptide mapping experiment to compare its
phosphorylation status in control cells vs. cells transiently overexpressing Mypt1.

With transient overexpression of Mypt1 proving to be technically challenging

(<10% transfection efficiency for most cell lines tested), we subcloned untagged Mypt1
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into a lentiviral vector and generated/purified lentiviruses for infection of cells.
U2088Pece-CFP calls were cultured in Light (ROKO) or Heavy (R6K4) media for 7 days
and then infected with lentivirus containing the empty plasmid (pLVX) or lentivirus
containing pLVX-Mypt1 for 36 hours. The cells were harvested and whole cell extracts
prepared, Specc1L-GFP captured on the GFP-Trap_A™ affinity matrix and the beads
combined for elution and separation of bound proteins by 1D SDS-PAGE. The band
representing Specc1L-GFP was excised and an in-gel tryptic digestion performed.
Aliquots of the tryptic peptides were analyzed on a Thermo Orbitrap mass spectrometer
and the raw data analyzed using MaxQuant v1.2.7.4. While several phosphosites were
identified, including S220, S874, S868, S384, and S385, only the phosphosite S384/385
was found to decrease in response to overexpression of Mypt1 (reduced by 40%). The
motifs suggests putative PKA or GSK3 kinase sites. Although both sites are found just
upstream of the N-terminal region conserved between Specc1 and SpeccilL (Figure
4.11), initial analysis of phosphomutants generated in both full-length Specc1L and the N-
terminal half (Specc1L/1-461) suggests no obvious effect on MT association. Further
work will be needed to assess the behavior of the phosphomutants throughout the cell
cycle, and the response of SpecciL to inhibition or overexpression of PKA or GSK3
kinase.

We carried out a similar phosphopeptide mapping experiment to compare

gSpecclLGFP - qalls  were

Specc1L-GFP in asynchronous vs. STLC-arrested cells. U20
labeled in Light (ROKO) or Heavy (R6K4) media for 7 days, at which point the Heavy-
labeled cells were treated with STLC for 18 hours to arrest them in metaphase with intact,

monopolar spindles. The arrested cells were harvested by mitotic shake-off, while the

untreated cells were harvested as per protocol. Specc1L-GFP was captured on GFP-
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Trap_A™ affinity matrix and processed as described above. Phospho-S384/385 peptides
were mapped, but we did not see a significant change in their levels between the 2
conditions. We did, however, see an enrichment of phosho-S1003 in the arrested cells,
suggesting that regulation at this site may be important during mitosis. Interestingly,
Specc1L (referred to as Mip1) was previously shown to be a phosphoprotein that
associates with the mono-polar spindle kinase 1 (MPS1) to ensure proper spindle
positioning at the onset of anaphase (Mattison et al. 2011). In this experiment, in vitro
kinase assays showed MPS1 phosphorylating different fragments of Specc1L, including
aa 1-351 and aa 851-1117, with aa 351-851 showing the highest level. Although
inconclusive, this does suggest that the potential regulation of Specc1L by MPS1 and

Mypt1/PP1p during mitosis is worth further analysis.

4.10 SpecciL regulates the subcellular localization and turnover dynamics of
Mypt1/PP1pB

As previously illustrated, increasing levels of Specc1L-GFP overexpression shifts
the balance of its localization from the actin CSK to the MT network. Here, excess
Specc1L-GFP accumulates on thick, bundled MT structures that show high levels of
tubulin acetylation (a marker for stabilized MTs). Using a FRAP (Fluorescence Recovery
After Photobleaching) approach in live cells, we observed that this change in localization
is accompanied by a dramatic change in the mobility of Specc1L-GFP. In FRAP, GFP-
tagged proteins within a region of interest (ROI) are irreversibly photobleached by brief
exposure to high intensity 488 nm light. The recovery of the fluorescent signal within the
region of interest is then monitored over time, as the bleached GFP-tagged protein

exchanges with unbleached GFP-tagged protein that has diffused in from the area
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outside the ROI (Figure 4.18A). If the GFP-tagged protein does not associate with any
underlying structures/complex, it is fully mobile (shows 100% recovery) and has a rapid
half-time of recovery that is determined solely by free diffusion into the ROI and thus
governed by Brownian motion (< 0.02 sec). We use GFP as an indicator of free diffusion.
Any difference in the mobile fraction (MF) and/or half-time of recovery (turnover rate) for a
GFP-tagged protein compared to free GFP reflects the presence of underlying binding
events. It should be noted that, for proteins with slow turnover dynamics, full recovery
may occur on the scale of minutes to hours. For these experiments we focused on
recovery within the first 90 sec after the bleach event.

FRAP analysis of Specc1L-GFP in the U20S°Pe°™*®FP stable cell line confirmed
that the fusion protein does associate with subcellular structures/complexes, as judged by
the slower turnover dynamics observed for the cytoplasmic pool (Figure 4.18B, green
curve) compared to GFP alone (Figure 18B, purple curve). For the cytoplasmic pool the
mobile fraction is the same as free GFP, but the initial recovery rate is slower. In cells in
which Specc1L-GFP was observed to accumulate at bundled MTs, this pool of the fusion
protein showed an even more dramatic drop in its recovery pool and a very slow turnover
rate (Figure 18B, blue curve), suggesting near immobilization at these structures. We
also observe a “halfway” phenotype in which Specc1L-GFP has just started to
accumulate on MTs, in a pattern that looks like dots and dashes (similar to the MEDIUM
expressing panel in Figure 3B). The recovery curve for Specc1L-GFP in this phenotype
(Figure 18B, red curve) falls midway between that of the cytoplasmic pool and the pool at
MT bundles, suggesting partial immobilization.

As previously noted, the N-terminal half of SpecciL (aa 1-461), when
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Figure 4.18. FRAP analysis reveals reduced mobility of Mypt1 and PP1 recruited to either MTs or the
actin CSK by transiently overexpressed SpecciL. A. Schematic showing the design of a FRAP experiment,
with the fluorescence intensity within a ROl monitored before and after the bleach event and recovery normal-
ized for background (BKG) and total fluorescence (TOT). The resulting recovery curve, plotting fluorescence in-
tensity vs. recovery time, reveals the mobile fraction of the protein (recovers fully within the time course) and the
half-time of recovery for this mobile fraction. B. FRAP analysis of the turnover dynamics of different pools of
Specc1L-GFP in the U20SSrecc!-6FP stable cell line, and transiently overexpressed Specc1L/462-1117 on actin
filaments. Values are plotted as mean + SE for n >10 (three biological replicates). C. Overexpression of
SpeccilL in the HeLa BAC cell line relocalizes Mypt1-GFP to MT bundles (arrowhead), while overexpression of
the C-terminal half recruits it to actin filaments (arrows). Recovery curves were plotted for Mypt1-GFP under
these various conditions. D. Similarly, overexpression of full-length Specc1L and the 462-1117 C-terminal half
in the U20SPP#-CFP cell line recruits PP1p-GFP to MT bundles (arrowhead) and actin filaments (arrow), respec-
tively, with changes in its recovery curve observed. Scale bars are 15 um and hashed arrows indicate localiza-
tion patterns in untransfected cells. E. All of the recovery curves were best fit by a double exponential analysis,
confirming the presence of two distinct pools of protein (slow and fast) in addition to the pool (immobilized) that
did recovery during the 90 sec time course. This graph shows the change in distribution between these pools.
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overexpressed as a GFP fusion in cells, accumulates on the MT network but does not
induce bundling/stabilization. Assessment of its turnover dynamics by FRAP revealed full
recovery within 90 sec post-bleach, and a slower recovery rate than free GFP, suggesting
a normal on/off association with MTs. This suggests that the bundling/stabilization
phenotype requires a specific region or regions within the C-terminal half of the protein. A
similar analysis of the C-terminal Specc1L fragment (aa 462-1117), which we have
shown to mediate association with both the actin CSK and Mypt1/PP1p, revealed a
distinct actin CSK-associated pool that has a reduced mobile fraction and a very slow
turnover rate (Figure 4.18B, turquoise curve). This is indicative of slow turnover of the
fragment at this structure, and suggests that both the MT and actin binding domains of
Specc1l are required for its homeostatic and dynamic steady-state distribution between
these two cytoplasmic networks in interphase cells.

In order to determine whether overexpression of full-length Specc1L can also shift
the balance of localization of Mypt1, we stained Specc1L-GFP overexpressing cells with
anti-Mypt1 antibodies and confirmed that a pool of endogenous Mypt1 is indeed recruited
to the Specc1L-containing MT bundles (Appendix Ill, Figure A.4). We next assessed the
localization and turnover dynamics of Mypt1 in a HeLa BAC cell line that drives
expression of GFP-tagged mouse Mypt1 (91.7% identical to the human protein) under the
control of its endogenous promoter. For these experiments, we expressed non-
fluorescent Specci1lL fusion proteins, specifically BirA-tagged constructs that drive
expression of the protein fused to a biotin ligase. These constructs are primarily used for

BiolD near neighbor labeling experiments, however in this case they allowed us to assess
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effects on the localization and turnover dynamics of GFP-tagged Mypt1 without the
presence of an additional fluorophore to complicate the measurements.

We first confirmed that overexpression of high levels of full-length Specc1L-BirA
recruited Mypt1-GFP to bundled MT structures (Figure 4.18C), while overexpression of
the C-terminal half (aa 462-1117) recruited Mypt1-GFP to actin filaments (Figure 4.18C).
Expression and localization of the Specc1L fusion proteins were monitored by fixing and
staining cells with Alexa568-conjugated Streptavidin, which visualized their biotinylation
patterns. Overexpression of the N-terminal half of Specc1L (aa 1-461), which contains
the MT binding domain but not the Mypt1 binding domain, fused to BirA had no effect on
the MT network nor on Mypt1 localization. By carefully controlling for fluorophore
bleedthrough and carrying out blind imaging experiments, we confirmed that the
relocalization of Mypt1 is sufficiently dramatic to allow us to unambiguously identify
Specc1L-BirA and BirA-Specc1L/462-1117 expressing cells based solely on the altered
Mypt1-GFP localization pattern. This allowed us to assess turnover dynamics of the
fusion protein by FRAP analysis in live cells expressing the non-fluorophore tagged
Specc1L constructs.

In untransfected cells, cytoplasmic Mypt1-GFP (Figure 4.18C, blue curve), as a
reduced mobile fraction and slower turnover rate compared to free GFP (Figure 18C,
purple curve), which confirms the presence of underlying binding events. Overexpression
of Specc1L-BirA induced both accumulation of a pool of Mypt1-GFP at bundled MTs and
a dramatic reduction in its turnover dynamics at these structures (Figure 4.18C, green
curve), suggestive of relative immobilization. Similarly, overexpression of the C-terminal
half of Specc1L (aa 462-1117) induced accumulation of a pool of Mypt1-GFP on actin

flaments and a concurrent reduced mobile fraction and slower turnover rate at this
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structure (Figure 4.18C, red curve). These results confirm that Specc1L can directly
mediate the homeostatic distribution of Mypt1 between the MT and actin CSK network in
interphase cells.

Having observed that Specc1L/Mypt1/PP18 co-purifies as a complex, we expect
that relocalization of Mypt1 by Specc1L would be accompanied by a change in the
localization and turnover dynamics of PP1f. Bearing in mind that PP1p is also found in
other holoenzyme complexes in interphase cells, the changes might not be as dramatic
with only one pool of the phosphatase affected. That said, we have shown that a large
proportion of PP1g is found in complex with Mypt1 (refer to Figure 3.19A in ch. 3.1 that
shows distribution of PP13 between regulatory subunits in U20S cells), and thus we
should see detectable differences if this pool is affected. For these experiments we
utilized our U20S cell line that stably expresses GFP-tagged PP1p. We first confirmed
that overexpression of full-length Specc1L recruits a visible pool of PP1p-GFP to bundled
MTs, while overexpression of the C-terminal half recruits excess PP13-GFP to actin
filaments (Figure 18D). As with Mypt1-GFP, the localization changes can be
unambiguously detected, permitting FRAP experiments in live cells.

In untransfected cells the cytoplasmic pool of the fusion protein, which includes
Mypt1-PP18 complexes and other PP1B complexes (Figure 4.18D, blue curve) shows
slower turnover dynamics than free GFP (Figure 4.18D, purple curve), confirming the
presence of underlying binding events. Overexpression of Specci1lL-BirA induced
accumulation of a pool of PP18-GFP at bundled MTs (Figure 4.18D, green curve), similar
to the relocalization observed for Mypt1-GFP. Although its turnover dynamics decreased

significantly, it did not show the same degree of immobilization as MYPT1 (Figure 4.18C,
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green curve). This is not unexpected, as it may be that Specc1L and Mypt1 are both
relatively immobile at these structures while PP18 can still turn over on Mypt1 as it
exchanges with other PP1 holoenzyme complexes. Overexpression of the C-terminal
fragment (aa 462-1117) of SpecciL led to accumulation of a pool of PP18-GFP on actin
filaments, with reduced (but not immobile) turnover dynamics (Figure 4.18
D, red curve).

The recovery curves shown in Figure 18B-D show the changes in turnover
dynamics qualitatively (i.e. curves can be directly compared), however we wanted to
quantitatively assess these changes and calculate mobile fractions and recovery half-
times. Using GraphPad Prism, we first tried to fit single exponential recovery curves to
the data, but the fits were poor, indicating the presence of more than one recovery pool.
Double exponential curves provided a much better fit in each case (R? values > 0.95). For
each condition, we determined the fraction that does not recover within 90 sec post-
bleach, the fraction that recovers with fast kinetics and the fraction that recovers with slow
kinetics. The half-times of recovery for the fast and slow pools were also determined.
These values are summarized in Table 4.1, and the distribution of the GFP fusion
proteins between immobile/slow/fast pools graphically represented in Figure 4.18E, which
clearly shows that Specci1L has a profound effect on both the localization and turnover
dynamics of Mypt1 and PP1p. Taken together, these data confirm that Specc1L can
disrupt the MT-CSK homeostatic balance of Mypt1/PP1f by mediating its steady-state
recruitment to these structures as part of a trimeric complex.

Given that SpecciL can recruit excess Mypt1/PP1f to MTs, and that

overexpression of the MT binding region of Specc1L (which can’t recruit the phosphatase
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% that does SLOW POOL FAST POOL
not recover % Half-time % Half-time
CONDITION within 90 sec|recovered (sec) recovered (sec)

free GFP 0.9 8.9 1.14 90.2 0.0006303
Specc1L-GFP
FRAP CP pool SN 19.9 1.67 76.4 0.00072
FRAP dots/dashes 16.1 20.9 SE(S 63 0.00072
FRAP MT bundles 54.7 17.8 21.78 27.5 0.00092
462/1117 17.5 27.9 20.69 54.6 0.00056
FRAP filaments
Mypt1-GFP
FRAP CP pool 8.4 19.2 4.23 72.4 0.00065
Tf Specc1L-BirA 51/ 6.9 2A3) 8 36.1 0.16
FRAP MT bundles
Tf462-1117 371 94 9.96 555 0.00058
FRAP filaments
PP13-GFP
FRAP CP pool 2.1 16.3 2.80 81.6 7.752E-05
Tf Specc1L-BirA 26.7 17.3 942 56 0.00092
FRAP MT bundles
Tf462-1117 17.2 18.5 12.6 64.3 0.00080
FRAP filaments

Table 4.1. Values obtained for the respective recovery curves using double exponential
curve fitting in GraphPad Prism. The R2 value for all curve fits was > 0.95. For the 90 sec post-
bleach time course, the immobile fraction was determined (% that does not recover within 90
sec), and the distribution and recovery rates for two mobile fractions (slow and fast) character-

ized.
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complex) does not induce the bundling phenotype, our hypothesis is that recruitment of
Mypt1/PP1 is required for this functional effect. The key experiment to test this would be
to overexpress Speccil in cells in which Mypt1 levels have been transiently knocked
down. Although we attempted this, using an siRNA approach, the knockdown efficiency
fluctuated significantly (from 10-60%) and we could not assess the knockdown on a
single cell basis because none of the available Mypt1 antibodies work reliably for IF.
Future experiments will focus on full and partial knockout of Mypt1 using CRISPR/Cas9

and establishment of an inducible shRNA-mediated knockdown cell line.

4.11 Identification of potential Specc1L/ Mypt1/PP18 substrates on the MT

network.

We hypothesized that the dramatic MT bundling/stabilization phenotype observed
in response to forcible loading of excess Specc1L/Mypt1/PP1p on the MT network during
interphase is due to disruption of the normal balance of net phosphorylation of MT-
associated substrates. In order to identify protein-protein interactions under conditions in
which the balance of localization has shifted less dramatically to MTs (i.e. steady-state
localization is predominantly MT but phenotype is much less dramatic), we decided to
map the interactome of the Specc1LACHD mutant (aa 1-890). This truncation mutant
retains the MT and Mypt1 binding regions and the putative WH2 actin association
domains, and localizes to both the MT network and actin filaments (Figure 4.13). To
facilitate capture of putative substrates and other transient interactors, and to optimize
detection of bona fide interactors above the background of bead contaminants and
proteins that bind biotin directly, we combined the BiolD near neighbor labeling approach

with our quantitative SILAC AP/MS workstream (Figure 4.19A).
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As detailed in Figure 4.19A, cells were differentially labeled for 7 days and then
transiently transfected overnight for expression of GFP-Specc1LACHD (Light; ROKO) or
BirA-Specc1LACHD (Heavy; R10K8) in the presence of excess biotin. Cells were
harvested in high salt RIPA buffer for preparation of whole cell extracts, and biotinylated
proteins were captured on Streptavidin-agarose beads. Proteins were eluted for 1D
SDS-PAGE separation, in gel digestion and MS analysis as previously described.
MaxQuant was used for protein identification and quantitation of H:L ratios, and the
results summarized in the graph in Figure 4.19A, which plots log2 H:L ratios for each
identified protein versus their relative abundance in the AP (full dataset shown in
Appendix Il). As expected, we observed H:L ratios of ~1:1 (i.e. log2 H:L ratios ~0) for
several abundant mitochondrial proteins that are known to bind biotin directly (Figure
19A, green diamonds). This confirmed that the affinity purifications were carried out
using equivalent total protein amounts of each extract. We also saw a cluster of proteins
around a median log H:L ratio of 0.78, which most likely represents those that bind non-
specifically to the beads. SpeccilL itself had the highest H:L ratio and a very high
abundance, which is consistent with the fusion protein biotinylating itself (and possibly
endogenous SpeccilL in multiprotein complexes). We also observed a significant
increase in biotinylation for several actin CSK- (e.g. CORO1B/C, RAI14, LASP1), plasma
membrane- (e.g. SDC1/2/4, AGRN) and MT- (e.g. MAP4, CKAPS5) associated proteins.
This fits with the observed localization of Specc1LACHD, which can be found on both
actin and MT networks in distinct accumulations that are resistant to either nocodazole or
latrunculin treatment, respectively (Figure 4.13). Most of the identified interactors have

been implicated in adhesion and the tethering of the actin- and MT- networks to the
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fixed at 37C for 10 min. Scale bars are 30 um. D. The three MT/CSK localization.balance options.
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plasma membrane. Interestingly, the association of MAP4 with MTs and its effect on their
structure has been shown to be regulated by phosphorylation, with decreased
phosphorylation correlating with MT stabilization (Ebneth et al. 1999; Chang et al. 2001).
Future experiments in the lab will be aimed at evaluating the potential of MAP4 and
CKAP5 as Mypt1/PP1B substrates that mediate MT stabilization, via regulated
recruitment of the phosphatase complex by Specci1L. As shown in Figure 4.19D, we can
test their phosphorylation status under 3 distinct MT/CSK balance conditions for the
phosphatase complex: 1. Normal distribution, 2. Increased association with actin
filaments/decreased association with the MT network and 3. Increased association with
the MT network/decreased association with actin filaments. It is important to note that
both MAP4 and CKAP5 have also been implicated in mitotic roles, and so it will be
important to assess their potential regulation by Mypt1/PP1g throughout the cell cycle.
The association of Specc1L with the actin-CSK, MT network, and the PM, in
addition to regulating the subcellular localization of the MP complex via its association
with Mypt1, provides the potential to be a key regulator of cell migration, adhesion and
division. In fact, Specc1L has been implicated in control of cell migration and adhesion,
and as an important regulator to ensure proper spindle positioning during the onset of
anaphase. We therefore wanted to investigate the effects that knockdown of SPECC1L
would have on both Mypt1-PP1p localization and regulation, and on migration and
adhesion. We attempted to knock down SpecciL but obtained outcomes similar to our
Mypt1 knockdown (poor and variable efficiency, and lack of a reliable antibody to monitor
expression levels by IF). We decided to try generating Specc1L knockout lines using a

CRISPR/Cas9 approach, but unfortunately our strategy (guide RNAs directed in the
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region surrounding Exon 1) resulted in an alternatively spliced variant, which is detectable
by Western blot using our commercially available Specc1L antibody. Analysis of the
genomic DNA in the region surrounding Exon 1 confirmed the presence of a frame shift
that would preclude Exon 1 translation, indicating that the mRNA was alternately spliced
to produce a shorter variant. Future strategies will be targeted at other regions of the

gene, and inducible shRNA knockdown lines generated.

161



CHAPTER 5: DISCUSSION

Our study investigates the three PP1 isoforms in human cells, demonstrating that
they share some overlapping associations but also exhibit distinct preferences for
particular regulatory subunits. The relative affinities for particular regulatory subunits likely
contribute to the distinct functions observed for the PP1c isoforms. Given that the
isoforms differ primarily at their N- and C-termini, these regions have been implicated in
their differential associations with regulatory subunits. Although the hydrophobic “RVxF”-
type binding motif has been implicated in association of most regulatory subunits with
PP1c, the presence of additional PP1 binding motifs (SILK, MyPHONE) in some suggests
that they may mediate preferential binding to the variable N- or C-termini of the catalytic
subunit. These other motifs may also have a functional readout, as demonstrated by the
finding that the SILK motif in the ancient regulatory subunit, Inh2, is essential for its
inhibitory function (H. B. Huang et al. 1999; Wakula et al. 2003; Hendrickx et al. 2009).

Moving forward, one way to assess compensation would be to knock down (or
knock out) a particular isoform (e.g. endogenous PP1B in our HeLa/BAC GFP cell line)
and assess changes in the PP1a interactome, such as increased association with
regulatory subunits that normally show a preference for PP1B. These types of
experiments would be a useful complement to loss-of-function phenotypic assessment of
single isoform knockdowns/knockouts.

In our study, we assembled comprehensive maps of PP1 isoform targeting in
different cell types, highlighting association with known/predicted regulatory subunits and
assessing the enrichment of specific multiprotein complexes linked to known regulatory

pathways (Table 5.1). Our HeLa/BAC and MCF7/cDNA screens are the first direct
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comparisons of the interactomes of the three isoforms relative to each other, expressed
stably under the control of their own endogenous promoters (BAC) or under the control of
a CMV driven promoter (cDNA). Interestingly, whether the promoter was endogenous or

exogenous, the amount of GFP-PP1a. expressed was always higher than that of the other

isoforms. This supports previous suggestions that the o isoform is the most abundant
(Okada et al. 2004).

Directly comparing relative enrichment of each known/predicted regulatory subunit
with the three isoforms enabled us to extrapolate information such as isoform preference
and the estimated abundance of a particular holoenzyme complex in the pool of PP1
complexes recovered. Some of the preferences that we observed are in agreement with
previously published results, such as the preferential association of TPRN (Ferrar et al.
2012) and Phostensin (Kao et al. 2007) with the alpha isoform, and the MYPT family
members (Terrak et al. 2004; Scotto-Lavino et al. 2010; Grassie et al. 2011) with the beta
isoform. Interactome data deposited in the BioGrid database has listed LMTK2 as both a
PP1a and PP1y interactor, so it likely has the capacity to associate with both. Despite
representing less than 1% of the pool of PP1y complexes identified, the fact that LMTK2
was not detected with PP1a in our HeLa/BAC screen, despite capturing nearly 3x more of
that isoform on the beads, tells us that it likely does show a preference for the y isoform in
vivo. For this and most other regulatory subunits, the significance of preferential
association with a particular isoform remains to be determined. Based on our results,
and taken together with results deposited in databases such as BioGrid and the
published literature, we think it is important to avoid the term “isoform-specific”’, and only

refer to isoform “preferences”.
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An important caveat to assigning isoform preference, and another reason that it is
essential to know the method used to determine it, is that overexpression of a particular
regulatory subunit can override preferences. Our lab previously demonstrated this for the
chromatin-associated regulatory subunit RepoMan, which we originally identified via its
selective association with GFP-PP1y over GFP-PP1a in nuclear extracts from
HelLa/cDNA stable cell lines. When overexpressed, RepoMan was shown to recruit
excess PP1a to chromatin, disrupting its normal subcellular distribution in interphase and
mitotic cells (Trinkle-Mulcahy et al. 2006). At the same time, overexpressed RepoMan
also recruited excess PP1y (and likely PP1p) from other complexes, disrupting the normal
balance of their distribution. This highlights the strong potential for off-target effects when
assessing the functional role of a particular regulatory subunit by overexpression, as it is
difficult to separate the direct effect of excess PP1 recruitment to a particular site from the
indirect effect of recruiting it away from other important substrates.

The most interesting result from our screens was the consistent finding that a
significant fraction of PP1c associates with regulatory subunits that have been
evolutionarily conserved, such as SDS22, NIPP1, Inhibitor 2 and Inhibitor 3. In the
HelLa/BAC screen, these 4 subunits represent, by normalized relative abundance in the
AP, approximately 45% of the pool of known regulatory proteins captured on the beads in
sufficient amounts to be detectable by MS (Figure A5.A). Similarly, in the MCF7/cDNA
screen they represent ~54% of the pool of identified regulatory subunits (Figure A5.B).
We believe that these regulatory subunits may function as PP1 “sinks”, binding and
inhibiting the activity of any free catalytic subunit in the cell. As PP1 is required at

specific times and in specific places, it can then be recruited from these complexes. With
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respect to subcellular localization, most have been shown to distribute between the CP
and NUC although NIPP1 is predominantly nuclear (Table 5.1).

It is important to note that although all four of these proteins were initially identified
as PP1 “inhibitors”, that distinction cannot readily be made for phosphatases because it
depends on the substrate that is used to assess inhibition. For example, the glycogen
regulatory subunit activates the activity of PP1 against glycogen phosphorylase, but
inhibits its activity against myosin. Conversely, the myosin regulatory subunit activates
the activity of PP1 against myosin while inhibiting its activity against glycogen
phosphorylase. These evolutionarily conserved subunits have been shown to positively
regulate PP1 in specific pathways (Van Dessel et al. 2010; J. Wu et al. 2016) as well as
inhibiting its activity against unrelated substrates. Support for their potential as PP1
“sinks” is provided by a study showing that two of these ancient regulatory subunits,
SDS22 and Inh3 form an inhibitory heterotrimeric complex with PP1 in vivo (Lesage et al.
2007).

Also consistent with this hypothesis is the fact that the regulatory subunits are
expressed in excess over the catalytic subunit (Heroes et al. 2013; Nagaraj et al. 2011,
Lundberg et al. 2010), which would explain how cells could adapt to fluctuations in PP1
levels, including its stable overexpression. The fact that we map more than just these four
regulatory subunits in our GFP-PP1 interactome screens reassures us that, although they
may be buffering some of the excess PP1, a significant amount is also being incorporated
into other holoenzyme complexes. Similarly, interactome screens based on transient
overexpression of PP1, which is toxic to cells in the long-term, have also identified some
of the lower abundance complexes, as shown by BioGrid depositions of high-throughput

datasets.

166



The only ancient regulatory subunit that has been studied in detail via mouse KO
studies is NIPP1, and the KO was shown to be embryonic lethal with severe
developmental defects (Van Eynde et al. 2004). This would be consistent with these
evolutionarily conserved proteins playing an essential (and more general role) in
regulating PP1 activity, in addition to their more specialized roles in human cells.

Another interesting result of our large-scale screens was the observation that
PP1a is the only isoform that accumulates at centrosomes in interphase cells in the three
cell lines tested, and that this localization appears to be predominantly regulated in these
cells by the ASPP family member ASPP2. This was surprising because the centrosomal
kinase NEK2 had been proposed as a key centrosomal regulatory subunit for PP1,
binding it directly and regulating centrosome splitting (Helps et al. 2000; Mi et al. 2007).
More recently, two other proteins, LRRC67/PPP1R42 and CEP192, were also identified
as centrosomal-associated PP1 regulatory subunits (DeVaul et al. 2013; Nasa et al.
2017). We did not, however, identify any of these proteins in our PP1 interactome
screens. This is likely a detection issue, as these complexes could represent only a small
fraction of the total pool in these particular cell lines. Of the large panel of regulatory
subunits that we cloned and screened by imaging, only ASPP2 was observed to
accumulate at centrosomes. Furthermore, although detected with the other isoforms, a
significantly larger fraction of PP1a was found in complex with ASPP2. In addition, three
RASS family proteins, RASSF7, F8 and F9, were identified in our PP1a screens, and all
three were observed to accumulate at centrosomes. As they didn’t have predicted RVxF

motifs, we hypothesized that they associated with PP1 indirectly, via a regulatory subunit.
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ASPP2 was the top candidate, and we confirmed the association of RASSF7, RASSF8
and RASSF9 with ASPP2 by co-immunoprecipitation.

These findings are consistent with studies in Drosophila that linked dASPP, the
single homolog of human ASPP1 and ASPP2, to the RASSF8 homolog dRASSF8, and
showed that the complex regulates cell-cell adhesion during retinal morphogenesis
(Langton et al. 2009). With respect to centrosomes, work was published in 2015 that
suggested the ASPP family proteins can recruit PP1a to centrosomes and regulate
centrosome splitting via dephosphorylaton of the linker protein C-Nap1 (Langton et al.
2009). The dephosphorylated state of C-Nap1 enables the protein to tether the
interphase parental chromosomes together. Although we saw no obvious centrosomal
defects when RASSF7/8/9 were transiently overexpressed in cells, we did observe that
ASPP2 overexpression was toxic, and it was difficult to find healthy cells expressing it.
Future experiments will further assess the role of this PP1 complex, and its RASS family
binding partners, in centrosomal regulation.

Interestingly, Hauri et al. have demonstrated that the ASPP2-PP1a. complex may
be important in the regulation of the HIPPO pathway (Figure 5.1) (Hauri et al. 2013),
which regulates tissue homeostasis. Briefly, when the HIPPO pathway is active, the
downstream transcription co-activators, YAP1 and TAZ, are phosphorylated through 14-
3-3 mediated cytoplasm sequestration. The phosphorylation leads to the inactivation of
YAP1 and TAZ. When the HIPPO pathway is inactive, YAP1 and TAZ can bind to the
TEAD family of transcription factors and transcribe pro-growth and anti-apoptotic genes.
The authors demonstrate that overexpression of PP1a and ASPP2 can enhance

expression of TEAD luciferase reporter construct, confirming a role for the ASPP2-PP1
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Figure 5.1. lllustration of the Hippo Signaling pathway. Reproduced by permission
from Elseivier: [Cellular Signaling].(Hao et al. 2014), copyright (2014).
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complex in regulating the HIPPO pathway (Hauri et al. 2013). Although overexpression of
PP1y was also shown to enhance expression of the TEAD luciferase reporter construct,
PP1p and the ASPP2 family member, ASPP1 had no significant effect (Hauri et al. 2013).
This is consistent with our results, which indicate that although ASPP2 shows preferential
binding to PP1, the other isoforms are also capable of associating with ASPP1/2. Taken
together, this suggests that compensation could occur for PP1-ASPP2 signaling in the
absence of the alpha isoform.

Interestingly, we also identified two other PP1 partners that have been linked to
regulation of the HIPPO pathway, suggesting the phosphatase may feed into this
signalling cascade at more than one level, or at more than one time/place. These include
the regulatory subunit PARD3, which is involved in cell polarity regulation and has been
shown to induce TAZ activation by promoting the interaction of PP1 with the LATS1
kinase (Lv et al. 2015), and PEAK1, a protein tyrosine kinase that associated with the
actin cytoskeleton and has been linked to HIPPO pathway regulation via elFSA-PEAK1
signaling-mediated control of YAP1/TAZ expression levels (Strnadel et al. 2017). PEAK1
was one of the commonly enriched interactors that caught our attention in the isoform
interactome screens, and it also contains a putative RVXF motif at aa 922-929
(PKRWISFK). Although we validated the association of endogenous PEAK1 with PP1
both by co-immunoprecipitation/Western blot analysis and BiolD near neighbour labeling,
we have not yet tested whether it binds PP1 directly via this motif, which would confirm it
as a bona fide regulatory subunit rather than an indirect associate. Future work will test
association of wild type and RAXA mutant PEAK1 with PP1 in the same F2H and BiFC

screens used to validate c20orf27 as a novel PP1 regulatory subunit. It will also be
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interesting to dissect the respective contributions of these PP1 complexes to HIPPO
pathway regulation, similar to our ongoing dissection of the contributions of the nuclear
regulatory subunits Repo-man, PNUTS and TPRN to DNA damage response(Prevost et
al. 2013; Ferrar et al. 2012; Landsverk et al. 2005; Peng et al. 2010).

In addition to its broad range of regulatory roles in interphase cells, mitotic-specific
roles have also been described for PP1 (Andreassen et al. 1998; Trinkle-Mulcahy et al.
2003; Trinkle-Mulcahy et al. 2006; Trinkle-Mulcahy & Lamond 2006; De Wever et al.
2012; De Wever et al. 2014), and our data confirm that a subset of regulatory complexes
is upregulated at G2/M, at least for the PP13 and PP1y isoforms. Some, such as Repo-
man and MKI67, are associated with PP1 throughout the cell cycle, but their levels
increase prior to mitosis due to their essential roles in this process (Trinkle-Mulcahy et al.
2006; Booth et al. 2014). When cells arrested at G2/M by nocodazole treatment were
compared to asynchronous cells, we observed a 2-fold increase in the amount of these
proteins associated with PP1y, and a 5-7-fold increase in the amount associated with
PP1B. KIF18A was only detected in our mitotic screens, and showed a 3-4-fold increase
in G/M-arrested cells, consistent with its role as a mitotic kinesin (De Wever et al. 2014).
We did not detect any PP1a complexes that were upregulated at G2/M, and in fact there
was a general decrease in its association with several regulatory subunits. PP1 has been
shown to be regulated in mitosis, at least in part, via inhibitory phosphorylation of a
threonine residue (Thr320 in PP1a) by the mitotic kinase CDK1 (Kwon, Lee, et al. 1997,
J. Q. Wu et al. 2009). This may indicate that the primary regulatory roles for this isoform

are carried out in interphase, and that it remains predominantly inactive throughout
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mitosis. Alternatively, it may already exist in the complexes that regulate its mitotic
role(s), with no need for increased levels of these complexes.

This mitotic screen is our first comparison of the dynamic interactomes of the PP1
isoforms, although we do have preliminary data suggesting changes in their distribution
between regulatory complexes in response to hypoxia. Moving forward, our unperturbed
interactome “snapshots” will be useful comparisons for the changes that occur during
different cellular conditions (e.g. proliferation vs. differentiation or the epithelial-to-
mesenchymal transition) and in response to various cellular perturbations. It will also
help us to identify changes that have occurred in various disease states.

Of particular interest is recent work confirming that the first small inhibitor targeted
at a PP1 complex, Sephin1, can prolong the benefits of an adaptive phosphorylation-
mediated signalling event that protects cells from otherwise lethal ER protein misfolding
stress. It does this by specifically disrupting the GADD34/PP1 complex that mediates
dephosphorylation of the relevant substrate (Figure 5.2) (Das et al. 2015). In this study,
published in 2015, Sephin1 treatment prevented defects associated with Charcot-Marie-
Tooth 1B and amyotrophic lateral sclerosis, two unrelated protein misfolding diseases, in
mouse model systems.

Our work has now uncovered another protein degradation-related PP1 complex,
although much work remains to be done to characterize it functionally. Having noted
c200rf27, which possesses a putative RVxF motif, as one of our “commonly enriched
interactors” in more than one PP1 interactome screen, we cloned the gene, confirmed
their direct binding and demonstrated that it is mediated via the RVXF motif in c200rf27.
Our work was hindered by the lack of an antibody that recognizes endogenous c200rf27,

and we thus decided to focus first on mapping the interactome of GFP-tagged c200rf27 to
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gain functional clues to its cellular role(s). A series of quantitative AP/MS experiments
confirmed co-precipitation of PP1 and also revealed a consistent interaction with APPBP2
(amyloid beta precursor protein binding protein 2), the human homolog of Drosophila
PAT1. PAT1 is known for its upregulation in certain cancers (Monni et al. 2001; Hirasawa
et al. 2003), possible link to microtubule trafficking (Zheng et al. 1998) and androgen
receptor transactivation (Zhang et al. 2004).

The c200rf27 interactome also identified associations with ElonginB/C proteins
TCEB2/1, and the Cullin protein CUL2. A previous study identified APPBP2 as a novel
VHL-type Elongin BC-box CUL2 binding E3 ubiquitin ligase substrate specifier (Mahrour
et al. 2008) (Figure 5.3). No substrates have yet been identified for the
APPBP2/ElonginBC/CUL2 complex, but our identification of the intact complex in a non-
biased screen supports a physiological role. Interestingly, we did not identify the complex
members that are recruited by CUL2 for the actual ubiquitin ligation steps, namely Rbx
and a ubiquitin ligase. That could indicate that these modules are recruited as needed. It
is possible that association of APPBP2 with c200rf27/PP1 may mediate this recruitment,
or perhaps substrate specificity. Future experiments will assess which region of APPBP2
mediates association with c200rf27/PP1, and whether altered levels of this particular
phosphatase complex affect global ubiquitination and protein degradation. One other
ubiquitination-related protein that was enriched in the c200rf27 interactome was UBR2
(Recognin), which plays a role in a unique branch of the ubiquitin-proteasome system
called the “N-end rule pathway”. In this pathway the N-terminal residue of a protein
serves as an N-degron, which is marked by various post-translational mechanisms and

targeted for degradation (Liu et al. 2016). Failures in this pathway have been implicated
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in the development of human diseases such as Johanson-Blizzard syndrome and
neurodegenerative disorders, and the Alzheimer’s Disease-associated fragment of APP
has been identified as an N-end rule pathway substrate (Brower et al. 2013). This
suggests that the pathway counteracts neurodegeneration, and thus our novel complex
that links a regulatory protein (c200rf27/PP1) to a key N-end pathway factor and an E3
ubiquitin ligase substrate specifier (APPBP2) that also binds APP is of significant
therapeutic interest.

Also of considerable therapeutic interest is the regulation of the MYPT1/PP13
phosphatase complex, which was one of the first PP1 complexes identified (as the
myosin phosphatase) but has since been linked to several key regulatory roles in both
muscle and non-muscle cells. Having identified Mypt1 as a PP1B binding partner in our
interactome screens was not a novel revelation. Of interest was that a large percentage
of PP1B complexed with Mypt1 during interphase (30%), and that PP13 showed an
increased association with Mypt1 in Nocodazole treated (G2/M) cells. Mypt1 is found to
interact with several proteins, and the identification of Mypt1 in both CP and NUC
fractions supported its proposed regulatory roles in both cellular compartments. One odd
observation was that endogenous Mypt1 co-precipitated its known actomyosin associates
from nuclear rather than cytoplasmic extracts. We first thought this might be due to
inefficient cell disruption, however the majority of myosins and actins are found in the
cytoplasmic extracts, as expected. Another possibility is that filamentous actomyosin
remains tethered to and co-purifies with nuclei. We also cannot rule out the possibility
that Mypt1 interacts with myosin and actin in the nucleus (as has been suggested), and
that fractionation selectively dissociates cytoplasmic complexes while retaining nuclear

complexes. It is thought that myosins may act as a type of motor to drive both the
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chromatin remodelling required for transcription and the chromosome migration observed
following cell division, although the mechanism remains unclear. NM | (MYO1C), a
member of the uncoventional myosin | subfamily, is present in nucleoli, for example,
where it associates with RNA polymerase | and transcribing ribosomal genes (Fomproix
& Percipalle 2004; Kysela et al. 2005). MYO1C and nuclear myosin VI also associate with
RNA polymerase Il and have been proposed to contribute to regulation of gene
transcription (Hofmann et al. 2006; Kysela et al. 2005; Pestic-Dragovich et al. 2000;
Vreugde et al. 2006). Furthermore, actin has been found in the nucleus, with evidence
suggesting functions in chromatin remodelling and RNA polymerase complexes (de
Lanerolle et al. 2005; Grummt 2006; Percipalle & Visa 2006). The role of Mypt1 in
regulating nuclear myosins remains to be investigated in detail, however recent work
suggests it may regulate an arginine methyltransferase that controls RNA processing,
splicing and gene expression (Sipos et al. 2017).

Given that only a handful of identified binding partners in our interactome screens
were PP1p specific, and that the Specc1/1L family proteins have been linked to
cytoskeletal roles, we speculated that the association of Specc1/1L (which do not contain
predicted PP1 binding motifs) with the catalytic subunit may be mediated by the
regulatory subunit Mypt1. Having identified Specc1L and PP1p as the top two proteins
enriched in our GFP-tagged Mypt1 interactome screen suggested that the transient
overexpression of Mypt1 precludes its proper localization (and association with known
substrates such as myosin), and that the association with both Specc1L and PP13 under
these conditions indicates the preservation of a core trimeric complex. Other multimeric

PP1 complexes have been identified. Some trimeric complexes involve the direct binding
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of PP1c to one targeting or substrate-specifying regulatory subunit and one inhibitory
subunit (Heroes et al. 2013). Others, such as the complex composed of PNUTS, TOX4,
WDRS82 and PP1 (Lee et al. 2010), which we also identified in our screens, have PP1
associate with one or more complex members indirectly. In this complex, PP1 associates
with TOX4 and WDR82 indirectly via PNUTS. This multimeric complex was shown to be
important in the establishment of chromatin structure during the transition from mitosis
into interphase (Lee et al. 2010). Other trimeric complexes, such as Mypt1/PP1/CPI1-17
(CPI-17, an inhibitor of the myosin phosphatase complex expressed predominantly in
mature smooth muscle) (Kitazawa et al. 1991; Eto et al. 2007), have both Mypt1 and CPI-
17 binding non-overlapping sites on PP1, while they also have binding sites for each
other (Eto et al. 2007). Furthermore, there are cases where regulatory subunits compete
for common binding sites on PP1, such as the RVxF binding channel (i.e.
GADD34/inhibitor-1, spinophilin/inhibitor-2) (Heroes et al. 2013). We believe that
Specc1/L, which have no obvious PP1 binding motifs, associates with PP1 indirectly via
their direct interaction with Mypt1.

As mentioned earlier, Mypt1 is found to associate with a large number of proteins.
In addition to its key role in the regulation of actomyosin in non-muscle cells, several non-
myosin Mypt1/PP1[ substrates have been identified recently, including polo-like kinase 1
(PLK1) and histone deacetylase 6 (HDACG6). PLK1 is involved in a variety of mitotic
events including centrosome maturation and separation, kinetochore-microtubule
attachment and cleavage furrow ingression (Petronczki et al. 2008; Bruinsma et al. 2012;
Zitouni et al. 2014). Yamashiro et al. demonstrated that Mypt1 contributes to mitotic
regulation via its interaction with PLK1, colocalizing with PLK1 on centrosomes

(Yamashiro et al. 2008). Joo et al. have shown that HDACG, which plays an important
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role in microtubule deacetylation, is a substrate for the Mypt1/PP1 complex (Joo &
Yamada 2014). They suggest that the complex balances contractility and microtubule
acetylation by associating either with myosin light chain or HDACG6 (Joo & Yamada 2014),
although it is not clear how the distribution of MYPT1/PP13 between these two
subcellular structures would be regulated (Figure 5.4).

Our identification of a novel complex comprising Mypt1/PP1f and proteins capable
of associating dynamically with both the MT and actin CSK networks makes the Specc1/L
family proteins attractive candidates for this “missing link” that regulates the distribution of
phosphatase activity between these two structures. We demonstrate that Specci1/L
associates with MTs and with the actin CSK, and directly binds Mypt1. Furthermore, we
demonstrate that Specc1/L can regulate the subcellular localization and turnover
dynamics of the MYPT1/PP13 complex in cells, pushing the balance more toward MTs
(which show a stabilized/bundled phenotype) or the actin CSK (which show differences in
actin organization) (Figure 4.19D).

We also show that this complex is maintained throughout the cell cycle, and that
Specc1/L and MYPT1 localize to mitotic spindles at metaphase, and the cleavage furrow
during cytokinesis, consistent with proposed roles in these events. Although specific
substrates remain to be identified, our interactome screens identified potential
associations with phosphoproteins such as MAP4 (which regulates MT stability) and
beta-tubulin (which is regulated by phosphorylation in mitosis).

Taken together, our data identify the Specc1/1L protein family members as key
regulators of the MYPT1/PP1 complex, regulating its distribution between the actin CSK

and the microtubule network throughout the cell cycle. Further work will be necessary to
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characterize the functional significance of this regulation, and to harness its therapeutic

potential in diseases such as cancer and hypertension.
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Figure 5.4 Balancing the actomyosin and MT phosphatase activity of Mypt1/PP1p. Schematic summary of
A. previously proposed models in the literature for the role of PP1 in balancing contractility with microtubule sta-
bility for adhesion disassembly. A shift in the balance can effect migration, proliferation and contractility leading
to a wide range of diseases. Although changing Mypt1 levels were shown to affect HDAC6 phosphorylation
levels, it remains unclear how the phosphatase is recruited to the acetylase (l). Similarly, use of catalytic site
inhibitors suggested that PP1 can dephosphorylate MAP4, but the relevant complex was not identified. B. Our
proposed models in which Specc1L associates with the phosphatase complex by binding Mypt1, directing it to
key substrates such as HDAC6 and MAP4 to achieve a balance between cellular contractility and microtubule

stability throughout the cell cycle.

181



APPENDICES

182



APPENDIX |

Construct

Forward (FWD) Primer/ Reverse (REV) Primer
(Restriction Site in red)

Restriction
site on
FWD/REV
primer

pFGFP-
Mypt1

FWD:
GATCGAATTCTATGAAGATGGCGGACGCGAAGCAG

REV:
GATCGGTACCTTTGGAAAGTTTGCTTATAACTCTGATC
AAGGCCCC

EcoRI/ASP718

PGEX-4-T3
MyptN98

FWD
Same as above

REV:
GATCGTCGACATATTTGCTCCATTTTCTACCAGAAACT
TCACCATATCAACATTGTCATCAATGC

EcoRI/Sall

PGEX-4-T3
Mypt1(CD)

FWD:
GATCGAATTCCATGGGCACTGTCTCCTCCACAACAGA
GGTC

REV:
GATCGTCGACTTTGGAAAGTTTGCTTATAACTCTGATC

EcoRI/Sall

pEGFP-
Mypt1 (ANK)

FWD:
GATCGAATTCTATGAAGATGGCGGACGCGAAGCAGAA
GCGG

REV:
GATCGGTACCTTCATCAACCTTTTCTTGTTC

EcoRI/ASP718

(MID)Mypt1-
pEGFP (N3)

FWD:
GATCGAATTCTATGGAAGAAGAAGGAAAGAAGGATGA
G

REV:
GATCGGTACCAGCAGTAGTTGTAGTCAGGGTTGTGGT
AG

EcoRI/ASP718

pEGFP-
Mypt1 (CD)

FWD:
GATCGAATTCTATGGGCACTGTCTCCTCCACAACAGA
GGTC

REV:
GATCGGTACCTTTGGAAAGTTTGCTTATAACTCTGATC

EcoRI/ASP718

Table A1. Cloning of Mypt1 full-length and fragments into pEGFP-C1 (the table indicates
if the cDNA was cloned into pEGFP-N3) and PGEX-4-T3
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Construct Forward (FWD) Primer/ Reverse (REV) Primer (Restriction | Restriction
Site in red) site on
FWD/REV
primer
SpeccilL- FWD: EcoRI/BamHI
pEGFP (N3) GATCGAATTCTATGAAGAAAGCAAGCAGGAGTGTTGGC
REV:
GATCGGATCCGGTCTCAAAGTACTTGTAGATCGCCG
pEGFP- FWD: EcoRI/BamHI
SpecciL (N- GATCGAATTCTATGAAGAAAGCAAGCAGGAGTGTTGGC
term)
REV:
GATCGGATCCTCGACTAAAGTGTTCCAACTTATCGCT
pEGFP- FWD: EcoRI/BamHI
SpeccilL (C- GATCGAATTCTCAGATTGAATACTTCCGCTCTCTTCTA
term)
REV:
GATCGGATCCGGTCTCAAAGTACTTGTAGATCGCCG
pEGFP- FWD: EcoRI/BamHI
SpecciL GATCGAATTCTCCAATCTCAACATCCAAACCCCTG
(CHD)
REV:
GATCGGATCCGGTCTCAAAGTACTTGTAGATCGCCG
pEGFP- FWD: EcoRI/BamHI
SpecciL GATCGAATTCTCAGATTGAATACTTCCGCTCTCTTCTA
(AN-term/
ACHD) REV:
GATCGGATCCTCCACTTATGGAATGTCTCTGCATAG
pEGFP- FWD: EcoRI/BamHI
SpecciL GATCGAATTCTATGAAGAAAGCAAGCAGGAGTGTTGGC
(ACHD)

REV:
GATCGGATCCTCCACTTATGGAATGTCTCTGCATAG

Table A2: Cloning of Specc1L fragments into pEGFP-C1, where full length Specc1lL was
cloned into pEGFP-N3.
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Construct Forward (FWD) Primer/ Reverse (REV) Primer Restriction
(Restriction Site in red) site on
FWD/REV
primer
Specci1L-BirA-HA Digest of Specc1L-pEGFP and pcDNA3.1 MCS- EcoRI/BamHI
BirA(R118G)-HA with EcoRI/BamH1 and ligated.
Myc-BirA-Specc1L | Digest of pEGFP-Specci1L (N-term) and pcDNAS3.1 EcoRI/BamHI
N-term MycBirA(R118G)-MCS with EcoRI/BamH1 and ligated
Myc-BirA-Specc1L | Digest of pEGFP-Specci1L (C-term) and pcDNAS3.1 EcoRI/BamHI
C-term MycBirA(R118G)-MCS with EcoRI/BamH1 and ligated
His-Specc1LACHD | FWD: BamH1/EcoRl
(PET-47B (+)) GATCGGATCCGATGAAGAAAGCAAGCAGGAGTGTTGG
REV
GATCGAATTCGGTCCACTTATGGAATGTCTCTGCATAG
His-Specc1L N- FWD: BamH1/EcoRI
term GATCGGATCCGATGAAGAAAGCAAGCAGGAGTGTTGG
(PET-47B (+))
REV
GATCGAATTCGGTCGACTAAAGTGTTCCAACTTATCGC
T
His-Specci1lL C- FWD: BamH1/EcoRI
term GATCGGATCCGATGCAGATTGAATACTTCCGCTCTCTT
(PET-47B (+)) CTA
REV:
GATCGAATTCGGGGTCTCAAAGTACTTGTAGATCGCCG

Table A3. Cloning of SpecciL full-length and fragments into pCDNA3.1 BiolD-HA or
Myc-BiolD and pET-47B (+).
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Construct Forward (FWD) Primer/ Reverse (REV) Primer Restriction site

(Restriction Site in red) on FWD/REV

primer

Specci(lso1)- FWD: EcoR1/ASP718
pEGFP (N3) GACTGAATTCTATGCGGAGTGCAGCCAAGCCCTGGAA

C

REV:

GATCGGTACCCGTCTCAAAGTACTTGTAGATTTGGGCC

ACG
Specci(lso4)- FWD: EcoR1/ASP718
pEGFP (N3) GATCGAATTCTATGGGCAACCACTCAGGACGGCCCGA

GG

REV:

GATCGGTACCCGTCTCAAAGTACTTGTAGATTTGGGCC

ACG
pEGFP-Specc1 FWD: EcoR1/ASP718
(Iso1) (N-term) GACTGAATTCTATGCGGAGTGCAGCCAAGCCCTGGAA

C
pEGFP-Specc1 EcoR1/ASP718
(Iso1/4) (C-term) | REV:

GATCGGTACCCGTCTCAAAGTACTTGTAGATTTGGGCC

ACG

Table A4. Cloning of Specc1 (Iso1 and 4) full-length and fragments into pEGFP-C1/N3
(PEGFP-N3 cloning is indicated)
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GATCCTCGAGATGATGCCGATGATATTAACTGTTTTCTT
GAG

REV:
GATCGGTACCACCGGCGAGTGTTCGCTGTCGGGG

Construct Forward (FWD) Primer/ Reverse (REV) Primer Restriction
(Restriction Site in red) site on
FWD/REV
primer
mCH-MAP4 FWD: HindIll/Asp718
GATCAAGCTTCGATGGCTGACCTCAGTCTTGCAGATGC
REV
GATCGGTACCGATGCTTGTCTCCTGGATCTGGCTGTCC
PEAK1 FWD: EcoRI/Kpn1
GATCGAATTCATGTCTGCTTGTAACACCTTTACTG
REV:
GATCGGTACCTTAACGGTGCTGCAGAAT
Leng3-pEGFP FWD: EcoR1/BamHI
(N3) GATCGAATTCTATGTCTGGTGAGGATGGACCAGCTGC
REV:
GATCGGATCCCTTGGAGAGTTTGCTGATGACGCGGATC
pEGFP-C200rf27 | FWD: Xho1/EcoR1
GATCCTCGAGCTATGGCTGCAGCCAACAAGGG
REV:
GATCGAATTCGAGTCAAAGCCGTGCCAGTCGC
pEGFP-ASPP2 FWD: Xho1/Asp718

Table A5: Cloning of MAP4, PEAK1, Leng3, C200rf27 and ASPP2 into mCH-C1 or
pEGFP-C1/N3. Cloning done in pEGFP-N3 is indicated.

Construct Forward (FWD) Primer/ Reverse (REV) Primer
(Restriction Site in red)

GFP- FWD:

C200rf27KAGA CAGCAGCTTTCTGGTCAAGGCTGGCGCCCTGAAGATCC
TGCAC
REV:

GTGCAGGATCTTCAGGGCGCCAGCCTTGACCAGAAAGC
TGCTG

Table A6: Primers used for Site-Directed Mutagenesis
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Primary Species | Assay | Dilution | Company Catalogue#
Antibody
Target
SDS22 Goat WB 1:500 Santa Cruz sc162164
(PPP1R7)
CYTSA Rabbit | WB 1:300 Protein Tech 25390-1-AP
(SPECC1L) IF 1:25
MYH9 Rabbit | WB 1:1000 Sigma Aldrich SAB2101542
MYL12B Rabbit | WB 1:1000 Abcam AB137063
MYPT1 Rabbit | WB 1:1000 Bethyl A300-889A

IP Laboratories A300-888A
MYPT1 Rabbit | WB 1:1000 In-house LTM Lab
Pericentrin Rabbit | WB 1:1000 Abcam ab4448
PP1a Rabbit | WB 1 mg/mL | In-house Greg Moorhead
PP1y Rabbit | WB 1 mg/mL | In-house Greg Moorhead
PP1B Rabbit | WB 1 mg/mL | Homemade Greg Moorhead
Pan-PP1 Rabbit | WB 1:200 Millipore 07-1217
RIF1 Rabbit | WB 1:1000 Bethyl A300-567A-1

Laboratories

mCherry Rat WB 1:350 In-house Greg Moorhead
Acetylated- Mouse | WB/IF | 1:1000 Sigma Aldrich T6793
aTubulin
ASPP2 Mouse | WB 1:1000 BD Biosciences | 611354
GFP Mouse | WB 1:500 Roche 11-814-460-001
Inhibitor 2 Mouse | WB 1:500 Abnova H00005504-A01
(PPP1R2)
Lamin A/C Mouse | WB 1:250 Santa Cruz Sc-7292
aTubulin Mouse | WB 1:1000 Sigma Aldrich T6199

IF 1:1000
PNUTS Sheep | WB 1:500 In-house Greg Moorhead
NIPP1 Sheep | WB 1:200 In-house Greg Moorhead

Table A7. List of Primary antibodies used for Western blot analysis and
immunofluorescence.
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HRP

Secondary Assay | Dilution | Company Catalogue#
Antibody

Goat Anti-Mouse WB 1:5000 Thermo Scientific 31430

IgG HRP

Goat Anti-Rabbit WB 1:5000 Thermo Scientific 31460

IgG HRP

Goat Anti-Rat IgG | WB 1:5000 Thermo Scientific 31470

Table A8. List of Secondary antibodies used for Western blot analysis.

Dye Assay | Dilution | Company Catalogue#
Phalloidin- IF 1:300 Life Technologies A22287
AlexaFluor647

Phalloidin- IF 1:300 Life Technologies A12379
AlexaFluor488

Streptavidin 568 IF 1:1000 Life Technologies S-11226
Hoechst IF 1:15000 | Invitrogen H1399

DAPI IF 1:15000 | SIGMA D9542

Table A9. List of Dyes used for cell staining.
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Volume of

medium to | Volume of
add to medium to
DNA | PEl | complexes | add to cells
Culture Format | (ung) | (ul) (ul) (ul)
12-well plate 1 2.5 150 800
6-well plate 3 7.5 300 1600
100 mm dish 10 25 600 9000
150 mm dish 15 | 37.5 600 14000

Table A10. Amount of DNA and PEI used for cell transfection.
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APPENDIX I

HeLaGFP Cytoplasmic (CP)/ Stable cell line

Light: HeLa Heavy: HeLaAGFP
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = 0.50

Threshold (> 1 log median) =1.50

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
P08670 VIM 43 40 53.651 14.02 3.80962 1.23E+10 228.7 7.12E+08 1.16E+10 2.06E-04
QoU6Y5 GFP 19 19 28.106 11.82 3.56328 1.11E+11 3939 7.18E+08 1.10E+11 5.87E-04
Q16527 CSRP2 4 4 20.954 8.993 3.16877 1.14E+08 5.442 6.61E+06 1.07E+08 2.70E-03
E7EPA7  TKT 7 68.813 8.928 3.158256 1.56E+08 2.273 1.63E+07 1.40E+08 2.81E-03
P10809 HSPD1 18 18 61.054 7.5 2.906852 4.56E+08 7.477 4.41E+07 4.12E+08 6.75E-03
A8MV58 DBN1 5 5 76.299 6.811 2.767803 1.26E+08 1.654 1.18E+07 1.14E+08 1.06E-02
P10599 TXN 3 3 11.737 6.632 2.729444 1.04E+10 884.2 2.37E+08 1.01E+10 1.20E-02
P50454  SERPINH1 8 8 46.44 6.05 2.597007 2.13E+08 4.576 2.86E+07 1.84E+08 1.80E-02
HOYGP4 CPS1 4 4 165.93 5.558 2.474514 6.25E+07 0.377 2.53E+07 3.72E+07 2.58E-02
Q9HOC2 SLC25A31 1 1 35.021 5.068 2.341303 3.35E+07 0.957 4.52E+06 2.90E+07 3.75E-02
P25705 ATP5A1 3 3 59.75 4.893 2.290601 2.55E+07 0.426 4.32E+06 2.11E+07 4.29E-02
Q9BUQO PTBP1 10 10 59.632 4.384 2.132314 2.39E+08 4.008 4.53E+07 1.94E+08 6.45E-02
P11021  HSPAS 10 9 72.332 4.288 2.10017 1.94E+08 2.677 3.74E+07 1.56E+08 6.98E-02
043707 ACTN4 8 8 104.85 4.115 2.040822 1.18E+08 1.127 2.07E+07 9.74E+07 8.06E-02
A6NG51 SPTAN1 23 23 284.94 4.104 2.036925 2.17E+08 0.761 4.14E+07 1.75E+08 8.14E-02
P21333  FLNA 52 49 280.74 3.974 1.990737 1.27E+09 4.507 2.36E+08 1.03E+09 9.08E-02
P13010 XRCC5 3 3 82.704 3.966 1.98783 3.79E+07 0.458 6.55E+06 3.13E+07 9.14E-02
Q00839 HNRNPU 9 9 90.583 3.844 1.942683 1.89E+08 2.081 3.97E+07 1.49E+08 1.01E-01
Q15149 PLEC 219 5 531.78 3.777 1917279 1.12E+10 21.01 2.18E+09 8.99E+09 1.07E-01
Q05682 CALD1 3 3 93.23 3.749 1.906313 2.33E+07 0.25 3.53E+06 1.98E+07 1.10E-01
Q15149 215 1 516.19 3.702 1.888227 4.94E+07 0.096 9.75E+06 3.97E+07 1.15E-01
G8JLB6 HNRNPH1 6 4 51.229 3.664 1.873538 1.83E+08 3.582 4.11E+07 1.42E+08 1.18E-01
P38646 HSPA9 7 7 73.68 3.623 1.857145 9.23E+07 1.253 1.89E+07 7.35E+07 1.23E-01
P68431 HIST1H3A 4 4 15.404 3.538 1.823056 4.79E+08 31.12 1.25E+08 3.55E+08 1.32E-01
P49411 TUFM 3 3 49.541 3.394 1.763029 3.87E+07 0.781 7.56E+06 3.11E+07 1.50E-01
Q01082 SPTBN1 10 10 274.61 3.368 1.751806 5.04E+07 0.184 9.79E+06 4.06E+07 1.54E-01
G5E9MS5  ILF3 2 2 95.807 3.248 1.699685 2.34E+07 0.245 4.77E+06 1.87E+07 1.71E-01
P12956 XRCC6 3 3 69.842 3.149 1.654665 3.06E+07 0.439 6.38E+06 2.43E+07 1.87E-01
P17844  DDX5 2 2 69.147 3.124 1.643487 6.04E+07 0.874 1.48E+07 4.56E+07 1.92E-01
P35520 CBS 2 2 61.862 3.059 1.61306 7.72E+06 0.125 1.03E+06 6.68E+06 2.03E-01
P58107 EPPK1 41 19 555.61 2.874 1.52311 7.44E+08 1.339 1.87E+08 5.57E+08 2.41E-01

Table A11. Hela®" Cytoplasmic Interactome data set.

median Ratio H:L 1.50 shown.

Data above threshold >log
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HeLa"GFP Nucleoplasmic (NP)/ Stable cell line

Light: HeLa Heavy: HeLaAGFP
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = -0.31

Threshold (> 1 log median) =0.69

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
Q9U6Y5 GFP 15 15 28.106 10.3 3.36387 8.77E+09 312 1.01E+08 8.67E+09 2.72E-11
P09211 GSTP1 3 3 23.356 4.857 2.28015 8.79E+07 3.765 1.21E+07 7.58E+07 2.59E-06
P31040 SDHA 1 1 72.691 3.379 1.7566 2.11E+07 0.29 4.43E+06 1.66E+07 1.74E-04
043175 PHGDH 2 2 56.65 2.486 1.31388 8.83E+06 0.156 3.14E+06 5.70E+06 3.15E-03
P31689 DNAJA1 3 3 44.868 2.345 1.22934 1.38E+08 3.073 4.61E+07 9.18E+07 5.11E-03
Q12800 TFCP2 2 2 57.255 2.282 1.19043 2.67E+07 0.467 8.47E+06 1.83E+07 6.34E-03
P68371 TUBB4B 15 3 49.83 2.183 1.12618 7.66E+07 1.537 2.40E+07 5.26E+07 8.96E-03
Q14151 SAFB2 2 2 107.47 2.03 1.02148 4.93E+07 0.458 1.85E+07 3.07E+07 1.53E-02
P78406 RAE1 4 4 40.968 1.981 0.98586 7.58E+07 1.85 2.29E+07 5.29E+07 1.83E-02
Q16527 CSRP2 5 5 20.954 1.757 0.81344 4.67E+08 22.3 1.59E+08 3.08E+08 4.06E-02
Q32Q12 NME1-NME2 2 2 32.642 1.665 0.73587 1.59E+08 4.871 4.83E+07 1.11E+08 5.64E-02
F8vVQ10 DDX398B 4 4 50.745 1.664 0.73483 5.95E+07 1.172 2.23E+07 3.72E+07 5.67E-02
B5SMC40 GATAD2A 2 2 70.349 1.641 0.71484 1.84E+07 0.262 7.15E+06 1.13E+07 6.15E-02

Table A12. Hela®" Nucleoplasmic Interactome data set. Data above threshold >log
median Ratio H:L 0.69 shown.
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HeLa”PP1lalpha Cytoplasmic (CP)/ Stable cell line
Light: HeLa Heavy: HeLa"GFP-PP1a

MaxQuant Version: 1.2.7.4
Median log Ratio H/L = 0.257
Threshold (> 1 log median) =1.257

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L
ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
Q8NHQ8 RASSF8 20 20 48.326 36.88 5.20477 7.57E+07 1.57 1.06E+06 7.46E+07 1.27E-04
Q6UXN9  WDR82 6 6 35.079 26.69 4.73801 9.67E+06 0.28 1.91E+05 9.48E+06 5.14E-04
G8Ju4 PPP1R18 24 24 68.041 26.05 4.70305 1.66E+08 2.44 2.06E+06 1.64E+08 5.68E-04
Q02833-2 RASSF7 12 12 36.343 25.99 4.69983 2.03E+07 0.56 5.10E+05 1.98E+07 5.73E-04
Q9oU6eY5  GFP 17 17 28.106 21.19 4.40504 1.17E+09 41.8 8.23E+06 1.17E+09 1.29E-03
P41236  PPP1R2 12 2 23.015 20.5 4.35769 3.06E+07 1.33 3.10E+05 3.03E+07 1.47E-03
Q13625 TP53BP2 38 37 125.61 20.43 4.35233 2.48E+08 1.98 5.12E+06 2.43E+08 1.49E-03
Q8WUF5 PPP1R13L 33 33 89.09 19.37 4.27598 4.44E+08 4.98 4.63E+06 4.39E+08 1.82E-03
Q96KQ4  PPP1R13B 29 28 119.56 18.91 4.24123 5.52E+07 0.46 1.85E+06 5.34E+07 1.99E-03
P62136 PPP1CA 34 12 37.512 18.16 4.18293 2.75E+09 73.3 3.11E+07 2.72E+09 2.32E-03
Q9GZN8 C20orf27 6 6 21.645 17.53 4.13134 5.01E+06 0.23 1.03E+05 4.90E+06 2.64E-03
Q15435  PPP1R7 25 25 41.564 17.24 4.10769 4.69E+08 11.3 3.67E+07 4.32E+08 2.80E-03
Q15834 CCDC85B 5 5 22.091 16.06 4.00531 8.06E+05 0.04 2.91E+04 7.77E+05 3.62E-03
Q12972  PPP1R8 17 17 38.478 16.02 4.00216 5.09E+07 1.32 9.55E+05 5.00E+07 3.65E-03
Q96QCO  PPP1R10 15 15 99.057 15.34 3.93894 2.78E+07 0.28 9.85E+05 2.68E+07 4.25€-03
Q9UBK9  UXT 3 3 18.246 15.23 3.92894 1.20E+06 0.07 3.48E+04 1.17E+06 4.36E-03
Q96MX6  WDR92 8 8 39.74 14.94 3.90092 4.58E+06 0.12 1.64E+05 4.42E+06 4.66E-03
Q96SB3 PPP1R9B 39 37 89.191 14.91 3.89811 1.91E+08 2.14 8.36E+06 1.82E+08 4.70E-03
094842 TOX4 6 6 66.194 14.23 3.83076 9.05E+06 0.14 2.99E+05 8.76E+06 5.51E-03
P00966  ASS1 15 15 46.53 13.73 3.77926 8.41E+07 1.81 5.33E+06 7.87E+07 6.22E-03
Q4KMQ1l TPRN 27 27 75.555 13.31 3.73455 1.28E+08 1.69 5.55E+06 1.22E+08 6.90E-03
P19388 POLR2E 3 3 24,551 11.72 3.55053 7.71E+05 0.03 5.67E+04 7.14E+05 1.05E-02
P49750  YLPM1 59 59 241.64 11.47 3.51979 7.25E+07 0.3 5.30E+06 6.72E+07 1.12E-02
P38646 HSPA9 17 17 73.68 11.18 3.48336 2.93E+07 0.4 2.08E+06 2.73E+07 1.21E-02
E9PDX1  PPP1R9A 25 23 154.05 10.49 3.39094 2.10E+07 0.14 1.03E+06 2.00E+07 1.48E-02
FSH5TO  PARD3 31 0 149.69 10.42 3.3817 2.98E+07 0.2 1.22E+06 2.86E+07 1.51E-02
P49411 TUFM 11 11 49.541 9.164 3.19598 9.49E+06 0.19 8.72E+05 8.62E+06 2.22E-02
Q96AB3  1SOC2 3 3 24.097 9.047 3.1775 1.03E+06 0.04 9.50E+04 9.39E+05 2.30E-02
Q8N1FO  PPP3CB 1 1 59.123 9.004 3.17053 1.87E+06 0.03 9.89E+04 1.77E+06 2.34E-02
095229 ZWINT 3 31.293 8.844 3.14473 3.17E+05 0.01 2.79E+04 2.89E+05 2.46E-02
FS5GWA6 MYPN 13 13 145.32 8.42 3.07373 4.88E+06 0.03 2.85E+05 4.60E+06 2.83E-02
075901  RASSF9 8 8 50.02 8.302 3.05344 1.46E+07 0.29 7.24E+05 1.39E+07 2.94E-02
ESPCR8 ERBB2IP 36 1 159.02 7.897 2.98136 3.63E+07 0.23 2.19E+06 3.41E+07 3.38E-02
Q14160  SCRIB 13 11 177.69 7.502 2.90735 1.25E+07 0.07 1.43E+06 1.11E+07 3.89E-02
Q9BTT6 LRRC1 5 3 59.241 7.377 2.88311 1.47E+06 0.02 1.32E+05 1.34E+06 4.07E-02
Q9H792  PEAK1 34 34 193.1 7.023 2.81203 2.36E+07 0.12 1.38E+06 2.22E+07 4.64E-02
075864  PPP1R37 12 12 74.766 6.736 2.75196 7.57E+06 0.1 4.78E+05 7.09E+06 5.17E-02
Q8NG31 CASC5 9 9 265.39 6.682 2.74028 6.31E+05 0 3.53E+04 5.96E+05 5.28E-02
Qoe6lY1l NSL1 2 2 32.162 6.286 2.65205 3.88E+05 0.01 3.66E+04 3.51E+05 6.16E-02
Q9H6T3  RPAP3 10 10 75.718 6.282 2.65125 5.33E+06 0.07 5.84E+05 4.74E+06 6.17E-02
Q9NWSO PIH1D1 5 5 32.363 6.15 2.62056 1.76E+06 0.05 1.20E+05 1.64E+06 6.51E-02
Q6PJW8  CNST 7 7 79.596 6.019 2.58962 3.37E+06 0.04 1.73E+05 3.20E+06 6.86E-02
P10809 HSPD1 31 31 61.054 6.012 2.58773 1.12E+08 1.83 1.70E+07 9.48E+07 6.89E-02
A6NKD9  CCDC85C 8 8 45.209 5.954 2.57391 4.62E+06 0.1 5.72E+05 4.05E+06 7.05E-02
P05141  SLC25A5 6 3 32.852 5918 2.56516 7.11E+06 0.22 9.49E+05 6.16E+06 7.15E-02
015212 PFDN6 2 2 14.582 5.672 2.50373 4.32E+05 0.03 6.98E+04 3.62E+05 7.93E-02
P32119 PRDX2 9 8 21.892 5.4 243285 1.17E+07 0.53 1.83E+06 9.82E+06 8.91E-02
P36542  ATP5C1 2 2 32,996 5.317 2.41059 3.53E+05 0.01 6.67E+04 2.86E+05 9.24E-02
Q9NRW3 APOBEC3C 2 2 22.826 5.299 2.40561 2.90E+05 0.01 3.94E+04 2.50E+05 9.31E-02
Q5SWA1 PPP1R15B 8 8 79.151 5.205 2.37998 3.09E+06 0.04 1.80E+05 2.91E+06 9.70E-02
P45880  VDAC2 2 2 33.371 5.01 2.3249 8.25E+05 0.02 1.32E+05 6.93E+05 1.06E-01
Q9Y230 RUVBL2 7 7 51.156 4.978 2.31557 4.29E+06 0.08 9.00E+05 3.39E+06 1.07E-01
P22695 UQCRC2 2 2 48.442 4936 2.3034 1.11E+06 0.02 2.19E+05 8.90E+05 1.09E-01
Q9P2K8  EIF2AK4 13 13 186.91 4.71 2.2357 2.88E+06 0.02 4.03E+05 2.47E+06 1.21E-01
P61981 YWHAG 4 2 28.302 4.577 2.19437 1.12E+06 0.04 1.60E+05 9.62E+05 1.29E-01
P14625 HSP90B1 6 4 92.468 4.525 2.17805 1.92E+06 0.02 2.82E+05 1.64E+06 1.33E-01
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Continuation ...

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L
ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
P30048 PRDX3 4 4 27.692 4.434 2.14854 2.45E+06 0.09 4.33E+05 2.01E+06 1.38E-01
094763  URI1 8 8 59.832 4.427 2.14639 6.04E+06 0.1 9.25E+05 5.11E+06 1.39E-01
FBWAR4 CHCHD3 3 3 27.735 4.418 2.14346 1.12E+05 0 2.19E+04 9.04E+04 1.40E-01
HOYGP4  CPS1 9 9 165.93 4.318 2.11036 4.11E+06 0.02 6.00E+05 3.51E+06 1.46E-01
Q6P1K2  PMF1 2 2 22.946 4.306 2.10638 1.46E+05 0.01 2.24E+04 1.23E+05 1.47E-01
Q9UHV9  PFDN2 4 4 16.648 4.218 2.07666 2.13E+06 0.13 4.29E+05 1.70E+06 1.54E-01
P25705 ATP5A1 9 9 59.75 4.203 2.07149 7.28E+06 0.12 1.45E+06 5.83E+06 1.55E-01
P06748 NPM1 5 5 32.575 4.174 2.06157 2.37E+06 0.07 4.31E+05 1.93E+06 1.57E-01
Q00839  HNRNPU 21 21 90.583 3.981 1.99324 3.02E+07 0.33 5.79E+06 2.44E+07 1.73E-01
P31930 UQCRC1 7 7 52.645 3.943 197918 1.01E+07 0.19 2.10E+06 7.97E+06 1.77E-01
E7EX29 YWHAZ 8 5 28.036 3.729 1.89863 2.25E+06 0.08 4.53E+05 1.80E+06 1.97E-01
QINS69 TOMM22 1 1 15.521 3.702 1.8883 2.07E+05 0.01 3.59E+04 1.71E+05 2.00E-01
Q96S65  CSRNP1 2 2 63.508 3.629 1.85969 6.58E+05 0.01 7.81E+04 5.80E+05 2.08E-01
000148 DDX39A 2 2 49.129 3.616 1.85455 1.02E+06 0.02 2.06E+05 8.13E+05 2.09E-01
Q9Y265 RUVBL1 6 6 50.227 3.549 1.82745 1.06E+07 0.21 5.25E+06 5.34E+06 2.17E-01
Q16763 UBE2S 3 3 23.845 3.429 1.77775 2.49E+05 0.01 5.44E+04 1.94E+05 2.32E-01
Q9Y2T3 GDA 12 12 52.837 3.387 1.76001 1.84E+07 0.35 3.82E+06 1.46E+07 2.37E-01
Q07021 C1QBP 2 2 31.362 3.331 1.73604 3.67E+05 0.01 6.53E+04 3.02E+05 2.44E-01
P35232 PHB 4 4 29.804 3.327 1.73414 1.80E+05 0.01 3.08E+04 1.50E+05 2.45E-01
P62258  YWHAE 9 7 29.174 3.308 1.72578 3.34E+06 0.11 6.91E+05 2.65E+06 2.48E-01
P60468  SEC61B 2 2 9.9743 3.25 1.70026 2.37E+05 0.02 5.31E+04 1.83E+05 2.56E-01
Q99714  HSD17B10 8 8 26.923 3.226 1.68988 1.90E+06 0.07 4.27E+05 1.47E+06 2.59E-01
Q9BUQO PTBP1 10 10 59.632 3.04 1.60407 1.34E+07 0.23 3.01E+06 1.04E+07 2.88E-01
E7EWS7  UBE2L3 3 3 24.003 3.014 1.59163 3.24E+05 0.01 8.29E+04 2.41E+05 2.92E-01
Q00534  CDK6 2 2 36.938 3.013 1.59125 4.50E+05 0.01 1.05E+05 3.44E+05 2.92E-01
P61081 UBE2M 3 3 20.9 2.989 1.57976 4.13E+05 0.02 7.69E+04 3.36E+05 2.96E-01
Q92769  HDAC2 2 2 55.364 2.989 1.57947 1.13E+06 0.02 2.33E+05 8.93E+05 2.97E-01
Q13501 SQSTM1 5 5 47.687 2.956 1.5636 5.67E+06 0.12 1.42E+06 4.25E+06 3.02E-01
P43246 MSH2 2 2 104.74 2.86 1.51602 3.82E+05 0 9.39E+04 2.88E+05 3.20E-01
P41091 EIF2S3 4 4 51.109 2.844 1.50802 3.67E+06 0.07 9.79E+05 2.69E+06 3.23E-01
Q16527  CSRP2 9 9 20.954 2.791 1.48063 8.88E+06 0.42 2.25E+06 6.63E+06 3.33E-01
P35579 MYH9 73 66 226.53 2.713 1.44 4.35E+07 0.19 1.37E+07 2.98E+07 3.49E-01
Q5T440  IBA57 2 2 38.155 2.698 1.43173 1.49E+05 0 3.83E+04 1.10E+05 3.52E-01
P19338 NCL 8 8 76.613 2.67 1.41679 8.64E+06 0.11 2.20E+06 6.44E+06 3.58E-01
095340  PAPSS2 4 4 69.97 2.66 1.41159 1.40E+06 0.02 3.40E+05 1.06E+06 3.60E-01
Q06830  PRDX1 21 18 22.11 2.626 1.39265 1.50E+08 6.8 4.06E+07 1.10E+08 3.68E-01
P68032 ACTC1 14 1 42.019 2.548 1.3492 1.38E+07 0.33 3.30E+06 1.05E+07 3.86E-01
P53611 RABGGTB 3 3 36.924 2.543 1.34625 8.24E+05 0.02 2.34E+05 5.90E+05 3.87E-01
P09211 GSTP1 4 4 23.356 2.512 1.32866 1.74E+06 0.07 4.90E+05 1.25E+06 3.95E-01
P11142 HSPA8 35 29 70.897 2.509 1.32723 1.74E+08 2.45 4.76E+07 1.26E+08 3.95E-01
Q9Y6C9  MTCH2 5 5 33.331 2.488 1.31504 1.63E+06 0.05 4.45E+05 1.19E+06 4.01E-01
P23396 RPS3 3 3 26.688 2.436 1.28469 6.95E+05 0.03 1.98E+05 4.97E+05 4.14E-01
Q9NVI7  ATAD3A 3 3 71.368 2.411 1.26951 2.60E+06 0.04 1.75E+06 8.56E+05 4.21E-01

Table A13. Hela®"P'q Cytoplasmic Interactome data set. Data above threshold >log
median Ratio H:L 1.257 shown.
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HeLa”PP1alpha Nucleoplasmic (NP)/ Stable cell line

Light: HeLa Heavy: HeLaGFP-PP1a
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = -0.28

Threshold (> 1 log median) =0.72

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L
ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
Q6UXN9 WDRS82 13 13 35.079 19.55 4.28902 4.22E+07 1.203 1.58E+06 4.06E+07 2.93E-05
G8JL4 PPP1R18 16 16 68.041 18.88 4.23871 4.93E+07 0.725 2.51E+06 4.68E+07 3.57E-05
Q9U6Y5  GFP 9 9 28.106 16.63 4.05589 2.67E+08 9.488 3.88E+06 2.63E+08 7.15E-05
Q12972  PPP1R8 16 16 38.478 16.2 4.01828 3.67E+07 0.953 9.56E+05 3.57E+07 8.22E-05
P49750-4 YLPM1 72 72 241.64 15.32 3.93716 1.53E+08 0.633 9.27E+06 1.44E+08 1.11E-04
Q96QCO  PPP1R10 29 29 99.057 13.95 3.80219 9.11E+07 0.92 2.38E+06 8.87E+07 1.80E-04
P41236  PPP1R2 5 5 23.015 13.84 3.79025 2.33E+06 0.101 5.15E+04 2.28E+06 1.33E-06
094842 TOX4 8 8 66.194 10.04 3.3274 8.65E+06 0.131 6.13E+05 8.03E+06 8.91E-04
Q96SB3 PPP1R9B 24 22 89.191 9.693 3.277 5.67E+07 0.636 4.96E+06 5.17E+07 1.04E-03
Q4KMQ1 TPRN 16 16 75.555 8.163 3.02901 2.82E+07 0.373 4.31E+06 2.39E+07 2.23E-03
P62136  PPP1CA 24 7 37.512 8.138 3.02471 4.51E+08 12.03 2.78E+07 4.23E+08 2.26E-03
Q8WUF5 PPP1R13L 6 6 89.09 7.902 2.98222 2.38E+06 0.027 3.84E+05 1.99E+06 1.12E-04
E9PDX1 PPP1R9A 4 2 154.05 7.561 2.91858 1.16E+06 0.008 1.60E+05 1.00E+06 1.53E-04
Q05639  EEF1A2 11 2 50.47 7.219 2.8517 6.85E+06 0.136 1.15E+06 5.71E+06 3.74E-03
Q13625  TP53BP2 8 8 125.61 6.839 2.77374 5.22E+06 0.042 5.82E+05 4.64E+06 4.65E-03
P00966 ASS1 2 2 46.53 6.441 2.68724 3.57E+06 0.077 3.46E+05 3.22E+06 4.51E-04
Q5UIPO  RIF1 24 24 274.46 4.318 2.11046 9.99E+06 0.036 1.59E+06 8.40E+06 2.51E-02
P48643  CCTS 10 10 59.67 4.193 2.06802 1.84E+07 0.309 3.12E+06 1.53E+07 2.76E-02
Q69YH5  CDCA2 3 3 112.68 3.755 1.90889 2.07E+06 0.018 3.49E+05 1.72E+06 1.01E-02
Q12800 TFCP2 4 4 57.255 3.438 1.78165 8.51E+06 0.149 1.61E+06 6.90E+06 5.15E-02
P42166  TMPO 24 14 75.491 3.121 1.64205 1.03E+08 1.37 3.38E+07 6.96E+07 6.83E-02
Q96T88  UHRF1 14 14 89.813 2.802 1.48651 1.63E+07 0.182 4.26E+06 1.21E+07 9.20E-02
P09211 GSTP1 10 10 23.356 2.698 1.43168 5.32E+07 2.279 1.42E+07 3.90E+07 1.02E-01
Q99832  CCT7 2 2 59.366 2.581 1.36771 1.68E+06 0.028 4.99E+05 1.18E+06 5.46E-02
E7ENU4  ADAR 37 37 140.83 2.545 1.34778 8.40E+07 0.597 2.41E+07 6.00E+07 1.18E-01
P30740 SERPINB1 7 7 42.741 2.482 1.31168 3.25E+06 0.076 8.55E+05 2.39E+06 6.37E-02
014965 AURKA 5 5 45.809 2.342 1.22743 7.78E+06 0.17 3.39E+06 4.39E+06 1.46E-01
Q15181  PPAl 3 3 32.66 2.325 1.21698 1.95E+06 0.06 9.46E+05 1.01E+06 8.18E-02
Q13242  SRSF9 3 2 25.542 2318 1.21288 1.14E+06 0.045 2.80E+05 8.62E+05 8.27E-02
Q3zCM7 TUBBS8 9 1 49.775 2.271 1.18358 1.37E+07 0.276 2.52E+06 1.12E+07 1.57E-01
043175 PHGDH 5 5 56.65 2.27 1.18288 4.65E+06 0.082 1.41E+06 3.24E+06 8.92E-02
G5E9Q6  PFN2 5 1 20.787 2.234 1.15963 1.68E+07 0.806 5.20E+06 1.16E+07 1.63E-01
P52298  NCBP2 2 2 18.001 2.226 1.15465 1.56E+06 0.087 4.24E+05 1.14E+06 9.58E-02
P04080 CSTB 5 5 11.139 2.214 1.14679 2.41E+07 2.166 7.09E+06 1.70E+07 1.67E-01
075607 NPM3 2 2 19.343 2.198 1.13626 1.50E+07 0.777 4.50E+06 1.05E+07 1.70E-01
Q9BQ75 C3orf26 4 4 31.884 2.162 1.11243 7.84E+05 0.025 2.46E+05 5.37E+05 1.06E-01
P23921 RRM1 5 5 90.069 2.155 1.10749 4.72E+06 0.052 1.42E+06 3.30E+06 1.08E-01
P10599 TXN 6 6 11.737 2.149 1.10387 8.52E+07 7.256 2.65E+07 5.86E+07 1.79E-01
Q9BTCO DIDO1 6 6 243.87 2.138 1.09613 5.19E+05 0.002 1.60E+05 3.59E+05 1.11E-01
HOYGP4  CPS1 27 27 165.93 2.131 1.09173 3.67E+07 0.221 1.06E+07 2.62E+07 1.82E-01
P50991 CCT4 2 2 57.924 2.127 1.08875 3.39E+06 0.059 1.04E+06 2.35E+06 1.13E-01
Q99590 SCAF11 2 2 164.65 2.099 1.06998 1.21E+06 0.007 4.40E+05 7.72E+05 1.18E-01
P68371  TUBB4B 23 1 49.83 2.082 1.05804 2.46E+08 4.942 7.52E+07 1.71E+08 1.92E-01
P84103  SRSF3 10 9 19.329 2.074 1.05221 1.49E+08 7.69 4.49E+07 1.04E+08 1.94E-01
P78371 CCT2 2 2 57.488 2.035 1.02503 2.35E+06 0.041 7.99E+05 1.55E+06 1.31E-01
F5H2F4 MTHFD1 15 14 110.61 2.034 1.02439 2.04E+07 0.185 6.48E+06 1.39E+07 2.03E-01
P23246  SFPQ 8 7 76.149 2.033 1.02347 9.31E+06 0.122 2.99E+06 6.31E+06 2.03E-01
P35659 DEK 9 9 42.674 2.027 1.01956 1.01E+07 0.237 3.23E+06 6.86E+06 2.04E-01
P14866 HNRNPL 13 13 64.132 2.021 1.01521 7.82E+07 1.219 2.57E+07 5.25E+07 2.06E-01
Q99661  KIF2C 4 4 81.312 2.016 1.0115 3.34E+06 0.041 1.07E+06 2.27E+06 1.35E-01
P52597  HNRNPF 12 10 45.671 2.015 1.01071 6.51E+07 1.425 1.96E+07 4.54E+07 2.07E-01
Q96J01 THOC3 2 2 38.771 2.007 1.00468 1.36E+06 0.035 4.41E+05 9.20E+05 1.38E-01
QslIyL3 Clorfl74 2 2 25.977 2 1.00014 5.52E+05 0.021 1.80E+05 3.72E+05 1.39E-01
P26358 DNMT1 4 4 184.82 1.996 0.99711 1.93E+06 0.01 7.54E+05 1.17E+06 1.40E-01
QINRGY AAAS 7 7 59.573 1.969 0.97768 1.47E+07 0.247 4.77E+06 9.94E+06 2.18E-01
000148 DDX39A 14 14 49.129 1.954 0.96614 9.55E+07 1.943 3.13E+07 6.41E+07 2.22E-01
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Continuation ...

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L
ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
Q16763 UBE2S 2 2 23.845 1.945 0.96007 3.61E+06 0.151 2.75E+06 8.54E+05 1.52E-01
Q96EP5  DAZAP1 3 3 43.383 1.934 0.95129 1.25E+07 0.287 4.12E+06 8.33E+06 2.27E-01
Q01664 TFAP4 3 3 38.725 1.923 0.94313 6.85E+05 0.018 2.06E+05 4.79E+05 1.58E-01
Q16576  RBBP7 9 4 47.82 1.919 0.93998 1.25E+07 0.262 3.97E+06 8.56E+06 2.31E-01
P36873 PPP1CC 19 2 38.518 1.91 0.93365 2.26E+06 0.059 8.09E+05 1.45E+06 1.62E-01
094906  PRPF6 4 4 106.92 1.904 0.92873 2.60E+06 0.024 1.27E+06 1.33E+06 1.63E-01
ABMXP9  MATR3 17 17 99.966 1.9 0.92608 4.26E+07 0.426 1.46E+07 2.79E+07 2.36E-01
Q96RR5  HCA90 9 9 89.392 1.89 0.91808 5.79E+06 0.065 1.97E+06 3.83E+06 2.38E-01
P52789  HK2 5 5 102.38 1.869 0.90219 2.73E+06 0.027 1.06E+06 1.66E+06 1.73E-01
Q6P2Q9 PRPF8 11 11 273.6 1.863 0.89794 7.50E+05 0.003 2.60E+05 4.90E+05 1.75E-01
P17844 DDX5 41 32 69.147 1.857 0.89297 3.74E+08 5.406 1.31E+08 2.43E+08 2.47E-01
Q14151  SAFB2 10 6 107.47 1.856 0.89196 1.39E+07 0.13 4.55E+06 9.37E+06 2.48E-01
Q14807  KIF22 4 4 73.261 1.852 0.88877 3.38E+06 0.046 1.23E+06 2.14E+06 1.78E-01
Q9BV86  METTL11A 2 2 25.387 1.851 0.88838 1.62E+06 0.064 4.95E+05 1.12E+06 1.79E-01
P06748 NPM1 16 16 32.575 1.851 0.88792 4.55E+07 1.396 1.53E+07 3.02E+07 2.49E-01
Q15424  SAFB 6 2 102.64 1.849 0.88667 1.56E+06 0.015 5.27E+05 1.04E+06 1.79€-01
P60891  PRPS1 3 3 34.834 1.847 0.88487 1.77E+06 0.051 6.79E+05 1.09E+06 1.80E-01
Q7RTVO  PHF5A 2 2 12.405 1.826 0.86884 2.32E+06 0.187 8.13E+05 1.51E+06 1.86E-01
Q59F66 DDX17 33 24 81.067 1.823 0.86663 1.12E+08 1.378 3.84E+07 7.33E+07 2.57E-01
Q15365 PCBP1 13 10 37.497 1.823 0.86624 1.15E+08 3.062 3.87E+07 7.61E+07 2.57E-01
Q15029  EFTUD2 10 9 109.43 1.82 0.8641 6.74E+06 0.062 2.27E+06 4.47E+06 2.58E-01
Q5JVF3 PCID2 2 2 52.099 1.816 0.86037 1.34E+05 0.003 4.32E+04 9.09E+04 1.90E-01
P78549 NTHL1 2 2 34.389 1.814 0.85878 1.07E+06 0.031 3.85E+05 6.84E+05 1.90E-01
Q9HAV4  XPOS5 2 2 136.31 1.804 0.85112 3.38E+05 0.002 1.21E+05 2.17E+05 1.93E-01
P78406  RAE1 10 10 40.968 1.798 0.84655 6.79E+06 0.166 2.32E+06 4.48E+06 2.65E-01
Q14192  FHL2 4 4 32.193 1.786 0.83689 1.97E+06 0.061 7.06E+05 1.26E+06 1.99E-01
043809 NUDT21 2 2 26.227 1.785 0.83617 1.66E+06 0.063 5.43E+05 1.12E+06 2.00E-01
P18846  ATF1 2 2 29.232 1.774 0.8266 9.31E+05 0.032 2.85E+05 6.46E+05 2.04E-01
Q96AB3  ISOC2 8 8 24.097 1.773 0.82611 7.44E+07 3.09 2.51E+07 4.93E+07 2.73E-01
P62316 SNRPD2 4 4 13.527 1.749 0.80628 3.28E+06 0.243 1.21E+06 2.07E+06 2.13E-01
P14635  CCNB1 2 2 48.337 1.748 0.80546 2.29E+06 0.047 7.18E+05 1.57E+06 2.13E-01
Q15717  ELAVL1 16 16 36.091 1.747 0.80513 4.02E+07 1.114 1.45E+07 2.57E+07 2.81E-01
Q9BW27 NUP85 2 2 75.019 1.746 0.8043 1.02E+06 0.014 3.82E+05 6.43E+05 2.13E-01
Q9H3K6  BOLA2 5 5 10.116 1.743 0.80124 1.88E+07 1.862 6.50E+06 1.23E+07 2.82E-01
Q9NQG5 RPRD1B 3 2 36.899 1.729 0.79002 9.56E+05 0.026 2.89E+05 6.67E+05 2.20E-01
P62304  SNRPE 5 5 10.803 1.711 0.77442 1.69E+07 1.561 5.69E+06 1.12E+07 2.93E-01
P07437 TUBB 23 5 49.67 1.707 0.77146 7.18E+07 1.447 2.51E+07 4.68E+07 2.94E-01
P00492  HPRT1 3 3 24,579 1.706 0.7707 7.47E+06 0.304 2.76E+06 4.72E+06 2.95E-01
E7EPP6  CHEK1 2 2 55.517 1.703 0.76799 9.60E+05 0.017 3.65E+05 5.95E+05 2.30E-01
095983  MBD3 2 2 32.844 1.703 0.76774 4.60E+05 0.014 1.85E+05 2.75E+05 2.30E-01
P62306 SNRPF 3 3 9.7251 1.701 0.76613 6.64E+06 0.683 2.50E+06 4.15E+06 2.97E-01
Q12834 CDC20 3 3 54,722 1.681 0.74966 1.69E+06 0.031 5.77E+05 1.11E+06 2.39E-01
Q92945  KHSRP 23 20 73.114 1.681 0.74949 7.16E+07 0.98 2.68E+07 4.48E+07 3.03E-01
P62314 SNRPD1 2 2 13.281 1.667 0.73699 1.14E+07 0.856 4.07E+06 7.30E+06 3.09E-01
Q5VT52  RPRD2 3 3 156.02 1.666 0.73639 1.30E+06 0.008 4.63E+05 8.41E+05 2.45E-01
P29372  MPG 7 7 32.868 1.663 0.73361 5.34E+06 0.162 2.12E+06 3.22E+06 3.10E-01
P48507 GCLM 2 2 30.727 1.66 0.73118 1.08E+06 0.035 3.91E+05 6.91E+05 2.48E-01
P52272 HNRNPM 34 34 77.515 1.656 0.7277 5.97E+07 0.77 2.16E+07 3.81E+07 3.13E-01
P51948  MNAT1 2 2 35.823 1.655 0.72683 4.81E+05 0.013 1.56E+05 3.25E+05 2.50E-01
Q9UBD5 ORC3 2 2 82.324 1.654 0.72561 9.69E+05 0.012 4.06E+05 5.62E+05 2.50E-01
Q01081  U2AF2 6 6 53.5 1.653 0.72509 1.74E+07 0.325 6.28E+06 1.11E+07 2.51E-01
P26368 U2AF1 6 6 27.872 1.653 0.72509 4.79E+06 0.172 1.67E+06 3.12E+06 3.14E-01
075643  SNRNP20C 9 9 2445 1.651 0.72351 9.76E+05 0.004 3.54E+05 6.22E+05 2.51E-01

Table A14. Hela®*P'a Nucleoplasmic Interactome data set. Data above threshold >log

median Ratio H:L 0.72 shown.
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HelLa”PP1lalpha Concatenated/ Stable cell line

Light: HeLa Heavy: HeLa"GFP-PP1a.
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = -0.164

Threshold (> 1 log median) = 0.836

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
Q8NHQ8 RASSF8 21 21 48.326 37.96 5.24652 8.06E+07 1.667 1.10E+06  7.95E+07
Q02833  RASSF7 12 12 36.343 25.99 4.69983 2.39E+07 0.658 5.46E+05  2.34E+07
Q6UXN9 WDR82 13 13 35.079 23.23 4.53798 5.90E+07 1.681 2.27E+06  5.67E+07
G8JU4 PPP1R18 28 28 68.041 23.14 4.53207 3.53E+08 5.188 4.99E+06  3.48E+08
Q96KQ4 PPP1R13B 32 31 119.56 22.73 4.50672 8.22E+07 0.688 2.16E+06  8.01E+07
Q13625 TP53BP2 45 44 125.61 21.49 4.42546 4.50E+08 3.584 6.69E+06  4.44E+08
Q9U6Y5 GFP 19 19 28.106 20.73 4.37365 1.77E+09 63.13 1.57E+07  1.76E+09
Q9UBK9  UXT 2 2 18.246 20.03 4.32373 1.09E+06 0.06 2.64E+04 1.07E+06
P41236  PPP1R2 15 3 23.015 19.7 4.30005 4.29E+07 1.863 4.66E+05  4.24E+07
Q9GZN8 C20orf27 6 6 21.645 17.53 4.13134 5.01E+06 0.231 1.03E+05  4.90E+06
Q8WUF5 PPP1R13L 37 37 89.09 17.1 4.09601 5.77E+08 6.473 6.50E+06  5.70E+08
Q15435 PPP1R7 24 24 41.564 16.77 4.06815 5.02E+08 12.08 3.68E+07  4.65E+08
Q12972 PPP1R8 19 19 38.478 16.6 4.05311 1.33E+08 3.446 2.52E+06  1.30E+08
Q15834 CCDC85B 6 6 22.091 16.06 4.00531 8.87E+05 0.04 2.91E+04  8.58E+05
Q96QCO PPP1R10 34 34 99.057 15.34 3.93894 1.69E+08 1.703 4.80E+06  1.64E+08
Q96MX6 WDR92 8 8 39.74 147 3.87794 4.80E+06 0.121 1.83E+05 4.62E+06
P49750 YLPM1 82 82 241.64 14.42 3.8498 2.52E+08 1.044 1.49E+07 2.38E+08
094842 TOX4 9 9 66.194 14.08 3.81547 2.50E+07 0.378 1.01E+06  2.40E+07
P62136  PPP1CA 34 12 37.512 13.64 3.76956 3.92E+09 104.4 6.67E+07  3.85E+09
P00966  ASS1 17 17 46.53 11.82 3.5634 9.16E+07 1.969 5.72E+06  8.59E+07
Q4KMQ1 TPRN 32 32 75.555 11.33 3.5022 2.03E+08 2.692 1.03E+07  1.93E+08
Q96SB3  PPP1R9B 41 39 89.191 11.32 3.50055 2.95E+08 3.311 1.36E+07  2.82E+08
FSH5TO  PARD3 31 0 149.69 10.42 3.3817 2.98E+07 0.199 1.22E+06  2.86E+07
E9PDX1 PPP1R9A 26 24 154.05 10.16 3.34469 2.36E+07 0.153 1.23E+06  2.23E+07
Q8N1FO PPP3CB 1 1 59.123 9.004 3.17053 1.87E+06 0.032 9.89E+04  1.77E+06
095229 ZWINT 3 3 31.293 8.844 3.14473 3.17E+05 0.01 2.79E+04  2.89E+05
Q05639 EEF1A2 14 2 50.47 8.552 3.09626 1.14E+07 0.225 1.40E+06 9.98E+06
FSGWA6 MYPN 15 14 145.32 8.455 3.07987 6.76E+06 0.047 3.91E+05 6.37E+06
075901 RASSF9 8 8 50.02 8.302 3.05344 1.46E+07 0.292 7.24E+05  1.39E+07
E9PCR8  ERBB2IP 35 1 159.02 7.784 2.96053 3.72E+07 0.234 2.39E+06  3.48E+07
Q9BTT6 LRRC1 5 3 59.241 7.377 2.88311 1.47E+06 0.025 1.32E+05  1.34E+06
Q9NWSO PIH1D1 6 6 32.363 6.862 2.77855 2.36E+06 0.073 1.73E+05  2.19E+06
Q9H792 PEAK1 40 40 193.1 6.655 2.73448 2.60E+07 0.135 1.52E+06  2.45E+07
075864 PPP1R37 12 12 74.766 6.442 2.68744 8.23E+06  0.11 5.22E+05  7.71E+06
Q8NG31 CASC5 10 10 265.39 6.32 2.65983 7.61E+05 0.003 1.03E+05 6.58E+05
Q96lY1  NSL1 2 2 32.162 6.286 2.65205 3.88E+05 0.012 3.66E+04  3.51E+05
Q6PJW8 CNST 6 6 79.596 6.019 2.58962 3.33E+06 0.042 1.73E+05  3.16E+06
Q9H6T3  RPAP3 11 11 75.718 5.742 2.52145 6.05E+06 0.08 9.28E+05  5.12E+06
Q5SWA1 PPP1R15B 7 7 79.151 5.205 2.37998 3.09E+06 0.039 1.80E+05  2.91E+06
Q9NRW3 APOBEC3C 3 3 22.826  5.01 2.32493 1.06E+06 0.046 1.32E+05 9.27E+05
Q14160 SCRIB 16 14 177.69 4.841 2.27516 1.39E+07 0.078 2.35E+06  1.15E+07
Q9P2K8  EIF2AK4 13 13 186.91 4.71 2.2357 2.88E+06 0.015 4.03E+05 2.47E+06
094763 URI1 8 8 59.832 4.6 220176 5.34E+06 0.089 7.82E+05 4.56E+06
Q5UIPO  RIF1 22 22 274.46 4.347 2.12005 1.01E+07 0.037 1.64E+06  8.51E+06
Q6P1K2 PMF1 2 2 22.946 4.306 2.10638 1.46E+05 0.006 2.24E+04  1.23E+05
A6NKD9 CCDC85C 9 9 45.209 4.26 2.09099 5.04E+06 0.111 5.94E+05  4.45E+06
Q9UHV9 PFDN2 5 5 16.648 4.199 2.06991 3.18E+06 0.191 8.89E+05  2.29E+06
Q69YH5 CDCA2 3 3 112.68 3.755 1.90889 2.07E+06 0.018 3.49E+05 1.72E+06
Q96S65  CSRNP1 2 2 63.508 3.629 1.85969 6.58E+05 0.01 7.81E+04  5.80E+05
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Continuation ...

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
E7EX29 YWHAZ 9 5 28.036 3.444 1.78421 3.05E+06 0.109 9.98E+05 2.05E+06
Q12800 TFCP2 4 4 57.255 3.365 1.75074 9.14E+06 0.16 1.95E+06  7.19E+06
P61981 YWHAG 6 2 28.302 3.27 1.70907 1.63E+06 0.058 4.58E+05 1.17E+06
095340 PAPSS2 3 3 69.97 3.268 1.70858 1.17E+06 0.017 2.77E+05  8.89E+05
Q9Y2T3 GDA 12 12 52.837 3.245 1.69804 1.95E+07 0.369 4.09E+06  1.54E+07
QI9NS69 TOMM22 1 1 15.521 3.226 1.68975 1.27E+06 0.082 7.93E+05  4.76E+05
P42166 TMPO 24 14 75.491 3.112 1.6377 1.02E+08 1.351 3.35E+07  6.85E+07
Q96D46 NMD3 9 9 57.603 3.101 1.63273 1.13E+06 0.02 2.35E+05  8.95E+05
P62258 YWHAE 10 7 29.174 3.092 1.62859 8.49E+06 0.291 3.13E+06  5.37E+06
Q9Y265 RUVBL1 7 7 50.227 3.032 1.60003 1.56E+07 0.311 7.83E+06 7.78E+06
Q13501 SQSTM1 5 5 47.687 2.956 1.5636 5.67E+06 0.119 1.42E+06  4.25E+06
Q96788 UHRF1 14 14 89.813 2.802 1.48651 1.63E+07 0.182 4.26E+06  1.21E+07
060927 PPP1R11 5 5 13.952 2.799 1.48491 1.92E+07 1.376 3.05E+06  1.62E+07
P23381 WARS 4 4 53.165 2.701 1.43339 3.77E+06 0.071 9.20E+05  2.85E+06
P09211 GSTP1 10 10 23.356 2.652 1.40697 5.59E+07 2.395 1.49E+07  4.10E+07
000233 PSMD9 1 1 24.682 2.635 1.39758 2.99E+05 0.012 9.78E+04  2.02E+05
P53611 RABGGTB 2 2 36.924 2.628 1.39408 7.33E+05 0.02 2.06E+05  5.27E+05
E7EWS7 UBE2L3 4 4 24.003 2.568 1.36036 5.12E+06 0.213 1.92E+06  3.20E+06
Q16763 UBE2S 4 4 23.845 2.523 1.33531 3.86E+06 0.162 2.81E+06 1.05E+06
Q13242 SRSF9 3 2 25.542 2.318 1.21288 1.14E+06 0.045 2.80E+05  8.62E+05
Q00534 CDK6 4 3 36.938 2.297 1.19988 5.49E+05 0.015 1.73E+05  3.77E+05
Q13200 PSMD2 3 3 100.2 2.257 1.17447 1.07E+06 0.011 4.12E+05  6.59E+05
Q96EN8 MOCOS 8 8 98.119 2.237 1.16176 5.25E+06 0.054 1.47E+06  3.78E+06
P52298 NCBP2 2 2 18.001 2.226 1.15465 1.56E+06 0.087 4.24E+05  1.14E+06
P11142  HSPAS8 36 30 70.897 2.196 1.13481 3.44E+08 4.857 1.26E+08  2.18E+08
014965 AURKA 6 6 45.809 2.191 1.13139 9.38E+06 0.205 3.98E+06  5.40E+06
Q9H7B2 RPF2 9 9 35.582 2.174 1.12035 2.68E+06 0.075 8.63E+05 1.82E+06
P62191 PSMC1 3 3 49.184 2.172 1.11876 3.06E+06 0.062 8.99E+05 2.16E+06
Q9BQ75 C3orf26 4 4 31.884 2.162 1.11243 7.84E+05 0.025 2.46E+05  5.37E+05
Q9BTCO DIDO1 6 6 243.87 2.16 1.11116 5.59E+05 0.002 1.67E+05 3.91E+05
P48643  CCTS 26 26 59.67 2.15 1.1044 6.87E+07 1.151 2.11E+07 4.76E+07
Q16831 UPP1 3 3 33.934 2.123 1.08604 5.00E+05 0.015 1.44E+05  3.56E+05
Q99590 SCAF11 2 2 164.65 2.099 1.06998 1.21E+06 0.007 4.40E+05  7.72E+05
094906 PRPF6 3 3 106.92 2.078 1.05506 2.15E+06 0.02 1.08E+06 1.08E+06
P84103  SRSF3 10 9 19.329 2.061 1.04327 1.49E+08 7.702 4.50E+07  1.04E+08
Q9UMS4  PRPF19 3 3 55.18 2.045 1.03224 1.38E+06 0.025 5.14E+05  8.64E+05
P35659  DEK 9 9 42.674 2.027 1.01956 1.01E+07 0.237 3.23E+06  6.86E+06
095433  AHSA1 4 4 38.274 2.017 1.01235 8.88E+05 0.023 3.11E+05 5.77E+05
Q96J01 THOC3 2 2 38.771 2.007 1.00468 1.36E+06 0.035 4.41E+05 9.20E+05
Qs8IYL3 Clorfl74 2 2 25.977 2 1.00014 5.52E+05 0.021 1.80E+05  3.72E+05
P10599  TXN 8 8 11.737 1.999 0.99906 1.11E+08 9.481 4.37E+07  6.76E+07
Q9NRGY AAAS 7 7 59.573 1.969 0.97768 1.47E+07 0.247 4.77E+06  9.94E+06
043809 NUDT21 3 3 26.227 1.965 0.97438 2.19E+06 0.084 7.09E+05  1.48E+06
Q99832 CCT7 17 17 59.366 1.961 0.97159 2.66E+07 0.448 8.84E+06  1.78E+07
Q5JXB2  UBE2NL 1 1 17.377 1.945 0.95999 5.92E+05 0.034 2.75E+05  3.17E+05
Q96EP5 DAZAP1 3 3 43.383 1.929 0.94785 1.25E+07 0.288 4.15E+06  8.35E+06
000148 DDX39A 14 5 49.129 1.928 0.94711 1.01E+08 2.062 3.28E+07  6.85E+07
Q9HAV4  XPOS5 2 2 136.31 1.926 0.94576 4.87E+05 0.004 1.64E+05  3.24E+05
Q01664 TFAP4 3 3 38.725 1.923 0.94313 6.85E+05 0.018 2.06E+05  4.79E+05
Q9NVX2 NLE1 21 21 53.32 1912 0.93531 3.07E+07 0.577 1.02E+07 2.06E+07
P36873  PPP1CC 23 2 38.518 1.91 0.93365 8.39E+06 0.218 1.38E+06  7.01E+06
P50991 CCT4 12 12 57.924 1.905 0.92994 2.02E+07 0.348 7.06E+06  1.31E+07
A8MXP9 MATR3 17 17 99.966 1.9 0.92608 4.10E+07 0.411 1.41E+07 2.70E+07
P52597  HNRNPF 12 10 45.671 1.894 0.92151 7.27E+07 1.593 2.39E+07  4.89E+07
Q96RR5 HCA90 9 9 89.392 1.89 0.91808 5.79E+06 0.065 1.97E+06  3.83E+06
Q9NZL9 MAT2B 7 7 37.551 1.89 0.918 5.56E+06 0.148 2.11E+06  3.45E+06
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Continuation...

Uniprot Gene Unique Mol.

Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
Q9UHD1 CHORDC1 8 8 37.489 1.874 0.90574 4.39E+06 0.117 1.60E+06  2.79E+06
Q16186 ADRM1 5 5 42.153 1.86 0.89499 3.89E+06 0.092 1.49E+06 2.41E+06
Q14807 KIF22 4 4 73.261 1.852 0.88877 3.38E+06 0.046 1.23E+06  2.14E+06
Q15424 SAFB 6 2 102.64 1.849 0.88667 1.56E+06 0.015 5.27E+05 1.04E+06
Q14151 SAFB2 9 5 107.47 1.848 0.8862 1.36E+07 0.127 4.44E+06  9.19E+06
QIONTKS5 OLA1 1 1 44,743 1.841 0.88057 6.93E+05 0.015 3.18E+05 3.75E+05
QOVDF9 HSPA14 3 3 54.794 1.833 0.87381 1.07E+07 0.195 4.70E+06 6.00E+06
Q96AB3  ISOC2 8 8 24.097 1.832 0.87358 7.56E+07 3.139 2.53E+07  5.04E+07
Q06587 RING1 2 2 42.429 1.828 0.87042 8.75E+05 0.021 3.20E+05  5.55E+05
Q15029 EFTUD2 11 10 109.43 1.824 0.86711 6.86E+06 0.063 2.31E+06 4.56E+06
P49321  NASP 2 2 86.267 1.817 0.86164 7.75E+05 0.009 2.81E+05  4.94E+05
Q5JVF3 PCID2 2 2 52.099 1.816 0.86037 1.34E+05 0.003 4.32E+04  9.09E+04
P78549  NTHL1 2 2 34.389 1.814 0.85878 1.07E+06 0.031 3.85E+05 6.84E+05
P14866  HNRNPL 15 14 64.132 1.797 0.84575 8.20E+07 1.278 2.76E+07  5.43E+07

Table A15. Hela®" "o Concatenated Interactome data set. Data above threshold >log

median Ratio H:L 0.836 shown.
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HelLa"PP1gammaCytoplasmic (CP)/ Stable cell line

Light: HeLa Heavy: HeLa”"GFP-PP1y
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = 0.72

Threshold (> 1 log median) =1.72

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
060927 PPP1R11 5 5 13.952 30.15 4.91418 3.70E+08 26.52 4.58E+07 3.24E+08 7.75E-05
P19388 POLR2E 3 3 24.551 18.7 4.22458 6.11E+07 2.487 3.66E+06 5.74E+07 9.39E-04
P36873 PPP1CC 14 4 38.518 15.92 3.99268 8.18E+09 212.4 1.22E+08 8.06E+09 1.99E-03
Q9GZN8 C200rf27 2 2 21.645 15.31 3.93603 9.09E+07 4.197 3.19E+06 8.77E+07 2.38E-03
Q96MX6 WDR92 5 5 39.74 15.06 3.91303 5.49E+07 1.382 1.71E+06 5.32E+07 2.55E-03
_QoueY5  GFP 11 11 28.106 13.17 3.71951 8.46E+09 301.1 1.33E+08 8.33E+09 4.56E-03
Q8Iwu2 LMTK2 5 5 164.9 10.63 3.41048 3.81E+07 0.231 3.82E+06 3.43E+07 1.08E-02
Q15435 PPP1R7 16 16 41564 10.25 3.35811 1.09E+09 26.17 1.78E+08 9.09E+08 1.24E-02
Q12972 PPP1R8 12 12 38.478 9.773 3.28883 3.35E+08 8.694 1.01E+07 3.24E+08 1.49E-02
Q9UBK9 UXT 5 5 18.246 9.291 3.21579 5.67E+07 3.108 3.92E+06 5.28E+07 1.80E-02
P08670 VIM 28 26 53.651 8.57 3.09936 2.63E+09 48.96 2.31E+08 2.40E+09 2.40E-02
P41236 PPP1R2 9 9 23.015 8.195 3.03478 3.15E+08 13.67 8.01E+06 3.07E+08 2.80E-02
Q96KQ4 PPP1R13B 4 3 119.56 7.939 2.98899 1.29E+07 0.108 9.70E+05 1.20E+07 3.12E-02
Q6UXN9 WDR82 3 3 35.079 7.81 2.96523 2.45E+07 0.698 1.14E+06 2.33E+07 3.30E-02
Q965B3 PPP1R9B 7 7 89.191 6.805 2.76653 2.40E+08 2.694 6.01E+07 1.80E+08 5.16E-02
QI9NWSO0 PIH1D1 2 2 32.363 6.623 2.72746 1.89E+07 0.585 2.22E+06 1.67E+07 5.61E-02
E7EPA7 TKT 6 6 68.813 6.43 2.68491 1.17E+08 1.695 1.28E+07 1.04E+08 6.14E-02
P10809 HSPD1 12 12 61.054 6.338 2.66396 4.09E+08 6.704 7.22E+07 3.37E+08 6.42E-02
F8VW96 CSRP2 2 2 26.736 6.201 2.63245 1.87E+07 0.699 2.13E+06 1.66E+07 6.85E-02
P49750 YLPM1 24 24 241.64 6.128 2.61539 3.32E+08 1.374 3.00E+07 3.02E+08 7.10E-02
P58107 EPPK1 17 11 555.61 5.896 2.55974 5.24E+07 0.094 7.74E+06 4.47E+07 7.95E-02
Q9P2K8 EIF2AK4 9 9 186.91 5.818 2.54042 3.81E+07 0.204 4.51E+06 3.36E+07 8.26E-02
Q9H792 PEAK1 11 11 193.1 5.581 2.48063 6.18E+07 0.32 3.68E+06 5.81E+07 9.30E-02
QO9H6T3 RPAP3 8 8 75.718 5.566 2.47672 1.06E+08 1.394 1.49E+07 9.06E+07 9.37E-02
P38646 HSPA9 11 11 73.68 5.455 2.44755 1.85E+08 2.505 1.98E+07 1.65E+08 9.91E-02
F5GWA6 MYPN 4 4 145.32 4.825 2.27041 1.67E+07 0.115 2.39E+06 1.43E+07 1.38E-01
Q14160 SCRIB 11 11 177.69 4.8 2.26303 6.96E+07 0.392 1.54E+07 5.42E+07 1.40E-01
Q96QCO PPP1R10 7 7 99.057 4.693 2.23036 6.71E+07 0.677 7.39E+06 5.97E+07 1.48E-01
Q9UHV9 PFDN2 4 4 16.648 4.56 2.18897 4.21E+07 2.529 7.89E+06 3.42E+07 1.59E-01
Q13625 TP53BP2 7 6 125.61 4.379 2.1305 4.91E+07 0.391 6.06E+06 4.31E+07 1.76E-01
Q69YH5 CDCA2 2 2 112.68 4.182 2.06409 1.29E+07 0.114 1.23E+06 1.17E+07 1.97E-01
P21333 FLNA 55 52 280.74 4.087 2.03097 7.52E+08 2.68 1.33E+08 6.19E+08 2.08E-01
094763 URI1 3 3 59.832 3.934 1.97607 1.81E+07 0.302 1.89E+06 1.62E+07 2.27E-01
P38919 EIF4A3 2 1 46.871 3.918 1.97015 1.29E+07 0.274 2.07E+06 1.08E+07 2.29E-01
P68366 TUBA4A 10 2 49.924 3.828 1.93648 9.71E+07 1.946 1.73E+07 7.98E+07 2.41E-01
P11021 HSPAS 9 8 72.332 3.785 1.92045 1.67E+08 2.311 3.44E+07 1.33E+08 2.47E-01
P05141 SLC25A5 4 3 32.852 3.586 1.84246 2.28E+07 0.695 4.55E+06 1.83E+07 2.78E-01
043813 LANCL1 2 2 45.283 3.514 1.81311 8.53E+06 0.188 1.79E+06 6.75E+06 2.91E-01
P49411 TUFM 2 2 49.541 3.505 1.80941 1.41E+07 0.284 3.32E+06 1.08E+07 2.92E-01
Q99714 HSD17B10 6 6 26.923 3.443 1.7835 7.53E+07 2.797 1.66E+07 5.87E+07 3.03E-01
Q15149 PLEC 106 100 516.19 3.369 1.75241 9.83E+08 1.904 2.38E+08 7.44E+08 3.17E-01
Q9Y265 RUVBL1 2 2 50.227 3.36 1.74855 1.58E+07 0.315 3.22E+06 1.26E+07 3.19E-01

Table A16. Hela®" """y Cytoplasmic Interactome data set. Data above threshold >log

median Ratio H:L 1.72 shown.
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HelLa"PP1gamma Nucleoplasmic (NP)/ Stable cell line

Light: HeLa Heavy: HeLa"GFP-PP1y
MaxQuant Version: 1.2.7.4

Median log Ratio H/L =-0.233

Threshold (> 1 log median) =0.767

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L
ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
Q9ouUeY5 GFP 7 7 28.106 10.89 3.4444 5.70E+09 202.8 2.10E+08 5.49E+09 5.21E-11
Q12972  PPP1CC 12 3 38.518 6.524 2.70578 6.28E+09 163.01 1.57E+08 6.12E+09 1.42E-10
Q96QCO PPP1R8 4 4 38.478 10.26 3.35882 2.40E+08 6.2493 1.76E+07 2.23E+08 4.00E-10
P49750 PPP1R10 20 20 99.057 9.632 3.2679 5.87E+08 5.9282 3.85E+07 5.49E+08 1.74E-09
Q6UXN9  YLPM1 48 48 241.64 8.787 3.13535 2.57E+09 10.645 1.32E+08  2.44E+09 6.50E-09
Q69YH5 WDRS82 4 4 35.079 8.067 3.01198 4.28E+08 12.192 3.64E+07 3.91E+08 9.47E-08
P36873-2 CDCA2 9 9 112.68 6.713 2.74691 2.29E+08 2.0322 1.62E+07 2.13E+08 1.41E-07
Q96SB3  PPP1R9B 12 12 89.191 6.445 2.6882 4.98E+08 5.586 5.25E+07 4.46E+08 1.67E-07
P09211  GSTP1 2 2 23.356 5.805 2.5372 8.29E+07 3.5482 1.13E+07 7.16E+07 6.79E-07
P31040 SDHA 4 4 72.691 3.915 1.96901 2.23E+08 3.0708 4.72E+07 1.76E+08 7.28E-05
Q12800 TFCP2 2 2 57.255 2.634 1.39704 8.54E+07 1.4909 2.14E+07 6.40E+07 3.08E-03
E7ETIO ARPC4-TTLL3 2 2 71.718 2.322 1.21518 3.08E+07 0.4288 8.23E+06 2.25E+07 8.30E-03
Q5UIPO  RIF1 8 8 274.46 2.224 1.15335 4.77E+07 0.174 1.50E+07 3.27E+07 1.14E-02
Q16527 CSRP2 7 7 20.954 2.157 1.10923 4.70E+08 22.442 1.40E+08 3.30E+08 1.42E-02
P11413  G6PD 3 3 63.826 2.133 1.09268 6.18E+07 0.9678 2.02E+07 4.16E+07 1.54E-02
P31689 DNAJA1 3 3 44,868 2.106 1.07464 5.72E+07 1.2741 1.84E+07 3.88E+07 1.68E-02
F8VQ10 DDX39B 8 8 50.745 1.989 0.99168 5.75E+08 11.324 1.82E+08 3.93E+08 2.47E-02
P0O0966  ASS1 2 2 46.53 1.917  0.9387 8.24E+07 1.7716 2.62E+07 5.63E+07 3.14E-02
Q8NF37 LPCAT1 2 2 59.151 1.912 0.93523 1.50E+07 0.2541 5.41E+06 9.62E+06 3.18E-02
P61158  ACTR3 1 1 47.371 1.791 0.84044 9.68E+06 0.2043 3.22E+06 6.46E+06 4.78E-02
P78406 RAE1 5 5 40.968 1.774 0.82725 2.07E+08 5.0434 7.71E+07 1.30E+08 5.04E-02

Table A17. Hela®" """y Nucleoplasmic Interactome data set. Data above threshold >log

median Ratio H:L 0.767 shown.

201



HeLa”PP1gamma Concatenated/ Stable cell line

Light: HeLa Heavy: HeLa"GFP-PP1y
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = 0.180

Threshold (> 1 log median) = 1.180

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
060927 PPP1R11 4 4 13.952 45.64 5.5122 3.47E+08 24.85 4.52E+07 3.02E+08
Q9GZN8 (C20o0rf27 3 3 21.645 19.78 4.3059 1.17E+08 5.428 4.70E+06 1.13E+08
P19388  POLR2E 3 3 24551 18.7 4.22458 6.11E+07 2.487 3.66E+06 5.74E+07
QoU6Y5 GFP 14 14 28.106 12.94 3.69321 1.54E+10 549 3.65E+08 1.51E+10
P36873  PPP1CC 16 5 38.518 12.45 3.63807 1.64E+10 425.1 4.96E+08 1.59E+10
Q9UBK9  UXT 4 4 18.246 10.73 3.42344 4.18E+07 2.291 2.71E+06 3.91E+07
Q8IWU2 LMTK2 5 5 164.9 10.63 3.41048 3.81E+07 0.231 3.82E+06 3.43E+07
P16401 HIST1H1B 11 10 22.58 10.34 3.36947 9.04E+09 400.3 9.42E+08 8.10E+09
Q15435 PPP1R7 16 16 41.564 10.25 3.35811 1.09E+09 26.17 1.78E+08 9.09E+08
Q96MX6 WDR92 4 4 39.74 10.22 3.35389 2.51E+07 0.631 1.17E+06 2.39E+07
Q12972 PPP1R8 14 14 38.478 10.03 3.32654 7.27E+08 18.89 3.55E+07 6.91E+08
Q96QC0O0 PPP1R10 21 21 99.057 8.569 3.09916 8.28E+08 8.355 5.60E+07 7.72E+08
P41236  PPP1R2 9 9 23.015 8.323 3.05717 3.41E+08 14.82 8.40E+06 3.33E+08
Q6UXN9 WDR82 6 6 35.079 7.986 2.99744 5.00E+08 14.26 4.09E+07 4.59E+08
Q96KQ4 PPP1R13B 4 3 119.56 7.939 2.98899 1.29E+07 0.108 9.70E+05 1.20E+07
P49750 YLPM1 53 53 241.64 7.934 2.98807 3.00E+09 12.4 1.68E+08 2.83E+09
Q8N726 CDKN2A 3 3 18.006 7.742 2.95261 3.82E+08 21.19 4.03E+07 3.41E+08
Q96SB3  PPP1R9B 15 15 89.191 6.946 2.79616 8.21E+08 9.209 1.16E+08 7.05E+08
QONWSO PIH1D1 2 2 32.363 6.623 2.72746 1.89E+07 0.585 2.22E+06 1.67E+07
P05186  ALPL 2 2 57.304 6.584 2.71888 2.94E+07 0.513 1.79E+06 2.76E+07
094763 URI1 4 4 59.832 6.34 2.66451 3.81E+07 0.637 5.80E+06 3.23E+07
Q69YH5 CDCA2 9 9 112.68 6.099 2.60867 2.42E+08 2.147 1.75E+07 2.24E+08
E7EPA7  TKT 7 7 68.813 5.847 2.54777 1.26E+08 1.837 1.44E+07 1.12E+08
Q9H792 PEAK1 11 11 193.1 5.581 2.48063 6.18E+07 0.32 3.68E+06 5.81E+07
Q9H6T3  RPAP3 8 8 75.718 5.566 2.47672 1.06E+08 1.394 1.49E+07 9.06E+07
P09211  GSTP1 2 2 23.356 5.465 2.45022 9.78E+07 4.187 1.31E+07 8.47E+07
QO9P2K8  EIF2AK4 10 10 186.91 5.236 2.38855 4.84E+07 0.259 6.45E+06 4.19E+07
FSGWA6 MYPN 4 4 145.32 4.825 2.27041 1.67E+07 0.115 2.39E+06 1.43E+07
Q9UHV9 PFDN2 4 4 16.648 4.56 2.18897 4.21E+07 2.529 7.89E+06 3.42E+07
Q13625 TP53BP2 7 6 125.61 4.379 2.1305 4.91E+07 0.391 6.06E+06 4.31E+07
P68366  TUBA4A 10 2 49.924 3.828 1.93648 9.71E+07 1.946 1.73E+07 7.98E+07
P31040 SDHA 4 4 72.691 3.738 1.90231 2.88E+08 3.968 6.49E+07 2.24E+08
043813 LANCL1 2 2 45,283 3.514 1.81311 8.53E+06 0.188 1.79E+06 6.75E+06
P11413 G6PD 10 10 63.826 3.094 1.62947 2.71E+08 4.244 6.38E+07 2.07E+08
E9PF41  ACTR2 2 2 45.376 3.056 1.61174 2.36E+07 0.519 6.35E+06 1.72E+07
P17066  HSPA6 4 1 71.027 2915 1.54369 4.25E+08 5.978 1.84E+08 2.41E+08
Q9UL15 BAGS5 2 2 56.026 2.901 1.53675 7.42E+06 0.132 1.53E+06 5.89E+06
Q07161 PPP1CA 13 2 38.631 2.887 1.52952 4.04E+07 1.047 1.39E+07 2.66E+07
Q32Q12 NME1-NME2 9 4 32.642 2.876 1.52391 9.43E+08 28.89 2.27E+08 7.16E+08
E7ETB3  DNPEP 4 4 54,53 2.81 1.49031 7.74E+07 1.42 1.69E+07 6.06E+07
Q14160 SCRIB 16 16 177.69 2.789 1.47949 1.67E+08 0.942 5.27E+07 1.15E+08
P15531 NME1 6 1 19.653 2.759 1.4642 9.60E+07 4.884 2.49E+07 7.10E+07
P23381  WARS 2 2 53.165 2.694  1.4297 2.10E+07 0.395 6.73E+06 1.43E+07
E7ETIO ARPC4-TTLL3 2 2 71.718 2.642 1.40185 1.61E+07 0.225 4.52E+06 1.16E+07
043175 PHGDH 4 4 56.65 2.637 1.39901 7.74E+07 1.366 2.16E+07 5.58E+07
Q12800 TFCP2 2 2 57.255 2.634 1.39704 8.54E+07 1.491 2.14E+07 6.40E+07
Q13535 ATR 4 4 301.36 2.562 1.3571 3.80E+07 0.126 1.00E+07 2.80E+07
Q12792 TWF1 2 2 40.282 2.541 1.34511 6.94E+06 0.172 1.76E+06 5.19E+06
E7ENH9  ACLY 23 23 126.22 2.474 1.30696 4.80E+08 3.802 1.80E+08 2.99E+08
Q32MZ4 LRRFIP1 3 3 89.252 2.463 1.30048 9.66E+06 0.108 2.42E+06 7.24E+06
Q16527 CSRP2 6 6 20.954 2.45 1.29278 4.75E+08 22.66 1.27E+08 3.48E+08
QI9NZM5 GLTSCR2 10 10 54.389 2.444 1.2893 3.07E+09 56.38 8.74E+08 2.19E+09
P22234  PAICS 3 3 47958 2.434 1.28327 7.30E+07 1.523 2.36E+07 4.95E+07
Q9H7B2 RPF2 14 14 35.582 2.422 12762 3.77E+09 106.1 1.07E+09 2.71E+09
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Continuation ...

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
QI9NZM5 GLTSCR2 10 10 54.389 2.444  1.2893 3.07E+09 56.38 8.74E+08 2.19E+09
P22234  PAICS 3 3 47.958 2.434 1.28327 7.30E+07 1.523 2.36E+07 4.95E+07
Q9H7B2 RPF2 14 14 35.582 2.422  1.2762 3.77E+09 106.1 1.07E+09 2.71E+09
P50991 CCT4 6 6 57.924 2.348 1.23137 2.08E+08 3.593 6.24E+07 1.46E+08
Q9NU22 MDN1 12 12 632.81 2.308 1.20677 2.30E+08 0.363 7.11E+07 1.58E+08
P11142  HSPA8 22 19 70.897 2.296 1.19881 4.22E+09 59.47 1.63E+09 2.59E+09
P38919  EIF4A3 3 2 46.871 2.294 1.19805 2.18E+08 4.651 7.30E+07 1.45E+08
Q8N1G4 LRRC47 2 2 63.472 2.284 1.19182 6.06E+07 0.955 2.00E+07 4.06E+07

Table A18. Hela®"FPly Concatenated Interactome data set. Data above threshold >log
median Ratio H:L 1.180 shown.
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U20SAGFP Cytoplasmic (CP)/ Stable cell line

Light: U20S Heavy: U20SAGFP
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = 0.0081

Threshold (> 1 log median) =1.0081

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L
ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
QIoU6Y5  GFP 23 23 28.106 13.578 3.7632 6.45E+09 229.6 4.30E+07 6.41E+09 3.75E-29
P08670 VIM 9 9 53.651 3.5722 1.83681 1.71E+06 0.032 3.52E+05 1.36E+06 4.41E-08
POCG48 UBC 4 4 77.028 2.872 1.52206 6.72E+06 0.087 1.81E+06 4.91E+06 5.72E-06
B4DR52 HIST2H2BF 2 2 18.041 2.0204 1.01464 8.55E+05 0.047 2.89E+05 5.65E+05 2.48E-03
P16104 H2AFX 3 3 15.144 1.9425 0.95791 1.53E+06 0.101 4.46E+05 1.09E+06 4.27E-03
P62805 HIST1H4A 4 4 11.367 1.8212 0.86489 1.02E+06 0.089 3.51E+05 6.64E+05 9.86E-03
Q9BVA1 TUBB2B 22 3 49.953 1.8103 0.85623 1.44E+06 0.029 5.13E+05 9.30E+05 1.06E-02
QI9NRW3 APOBEC3C 4 4 22.826 1.7898 0.8398 3.44E+06 0.151 1.14E+06 2.29E+06 1.22E-02
Q13268  DHRS2 4 4 29.007 1.7873 0.83778 9.22E+05 0.032 3.14E+05 6.08E+05 1.24E-02
P04080 CSTB 5 5 11.139 1.7585 0.81435 7.09E+06 0.637 2.55E+06 4.54E+06 1.51E-02
Q9UBV8  PEF1 3 3 30.381 1.7454 0.80356 1.05E+06 0.035 3.98E+05 6.54E+05 1.65E-02
P11021 HSPAS 27 26 72.332 1.743 0.80157 1.41E+07 0.195 5.12E+06 9.02E+06 1.68E-02
P68431 HIST1IH3A 2 2 15.404 1.7099 0.77391 7.31E+05 0.047 2.69E+05 4.62E+05 2.09E-02
P33992 MCM5 7 7 82.285 1.6123 0.68912 1.10E+06 0.013 4.40E+05 6.61E+05 3.96E-02

Table A19. U20S® Cytoplasmic Interactome data set. Data above threshold >log

median Ratio H:L 1.01 shown.

204



U20S"GFP Nucleoplasmic (NP)/ Stable cell line
Light: U20S Heavy: U20SAGFP

MaxQuant Version: 1.2.7.4
Median log Ratio H/L = -0.34
Threshold (> 1 log median) =0.66

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
QoueY5  GFP 10 10 28.106 12.99 3.69933 5.99E+07 2.131 4.24E+06 5.56E+07 3.88E-78
P82932 MRPS6 2 2 14.226 2.2292 1.156526 1.01E+06 0.071 2.77E+05 7.36E+05 4.03E-12
Q13268 DHRS2 13 13 27.438 1.8475 0.885574 9.51E+07 3.466 3.40E+07 6.11E+07 1.34E-08
Q16658 FSCN1 3 3 54.529 1.6489 0.721504 1.15E+06 0.021 4.20E+05 7.31E+05 8.60E-07
P48681 NES 42 42 177.44 1.6063 0.683741 3.13E+07 0.176 1.21E+07 1.92E+07 2.07E-06
F8W8J4 MYOF 10 10 234.65 1.4455 0.531569 4.11E+06 0.018 1.73E+06 2.38E+06 5.31E-05
P29590 PML 2 2 97.55 1.2567 0.32964 1.04E+06 0.011 4.56E+05 5.86E+05 1.89E-03
QI9NRW3 APOBEC3C 4 4 22.826 1.2473 0.318809 6.92E+06 0.303 2.96E+06 3.96E+06 2.24E-03
Q9Y3D9  MRPS23 2 2 21.77 1.2198 0.286645 8.90E+05 0.041 4.69E+05 4.21E+05 3.65E-03
P40939 HADHA 2 2 82.999 1.2049 0.268913 2.27E+06 0.027 1.18E+06 1.09E+06 4.73E-03
Q14151 SAFB2 3 2 107.47 1.1993 0.262193 1.50E+06 0.014 6.48E+05 8.55E+05 5.21E-03
P09382 LGALS1 12 12 14.716 1.187 0.24732 5.84E+08 39.68 2.56E+08 3.28E+08 6.43E-03
E7ENZ6 HLA-B 4 1 47.954 1.1869 0.247198 2.57E+06 0.054 1.21E+06 1.36E+06 6.44E-03
Q12874  SF3A3 1 1 58.848 1.1779 0.236217 3.16E+05 0.005 1.46E+05 1.70E+05 7.50E-03
Q8N3V7  SYNPO 11 11 96.395 1.1631 0.217975 2.41E+07 0.25 1.11E+07 1.30E+07 9.62E-03
POCOS5 H2AFZ 4 2 13.553 1.1595 0.213503 1.75E+06 0.129 7.35E+05 1.01E+06 1.02E-02
Q6UVK1 CSPG4 4 4 250.53 1.1545 0.207268 2.68E+06 0.011 1.25E+06 1.43E+06 1.11E-02
Q96PK6 RBM14 2 2 69.491 1.1537 0.206268 1.83E+06 0.026 9.54E+05 8.75E+05 1.12E-02
Q96JY6 PDLIM2 2 2 37.458 1.1506 0.202386 3.27E+06 0.087 1.54E+06 1.73E+06 1.18E-02
P18754 RCC1 5 5 48.145 1.1348 0.182438 1.25E+07 0.26 5.79E+06 6.72E+06 1.53E-02
P83111 LACTB 4 4 60.693 1.1232 0.167615 4.40E+06 0.073 2.32E+06 2.09E+06 1.85E-02
P09038 FGF2 2 2 30.77 1.1115 0.152508 8.56E+05 0.028 3.73E+05 4.82E+05 2.23E-02
A6NCZ6  SFXN3 4 4 35.978 1.1072 0.146916 3.52E+06 0.098 1.67E+06 1.85E+06 2.38E-02
B4DR52 HIST2H2BF 5 2 18.041 1.0992 0.136454 1.31E+08 7.24 6.24E+07 6.83E+07 2.70E-02
075616 ERAL1 2 2 48.349 1.0982 0.135141 2.89E+06 0.06 1.49E+06 1.41E+06 2.74E-02
A8MYQS RAB34 13 13 29.2 1.0901 0.124461 2.24E+07 0.766 1.05E+07 1.19E+07 3.11E-02
P11166 SLC2A1 3 3 54.083 1.0893 0.123401 1.73E+06 0.032 7.72E+05 9.56E+05 3.15E-02
P62805 HIST1H4A 9 9 11.367 1.0664 0.092749 1.37E+08 12.03 6.45E+07 7.23E+07 4.45E-02
P12270 TPR 2 2 267.29 1.062 0.086784 3.24E+05 0.001 1.53E+05 1.71E+05 4.75E-02
B7Z2596 TPM1 12 5 31.753 1.061 0.085425 2.61E+06 0.082 1.29E+06 1.32E+06 4.82E-02
G5E9Q6  PFN2 5 2 20.787 1.0586 0.082157 6.89E+06 0.331 3.43E+06 3.46E+06 5.00E-02

Table A20. U20S® Nucleoplasmic Interactome data set. Data above threshold >log

median Ratio H:L 0.66 shown.
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U20S"PP1alpha Cytoplasmic (CP)/ Stable cell line

Light: U20S Heavy: U20SAGFP-PP1a
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = -0.80

Threshold (> 1 log median) = 0.20

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L
ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
Q15435 PPP1R7 27 4 41.564 27.84 4.79929 2.26E+10 544.1 8.17E+08 2.18E+10 7.29E-06
060927 PPP1R11 4 4 13.952 18.13 4.18039 1.41E+09 101.2 7.82E+07 1.33E+09 6.56E-05
Q9U6Y5 GFP 14 14 28.106 17.32 4.11412 4.32E+10 1539 8.28E+08 4.24E+10 8.18E-05
P62136 PPP1CA 25 11 37.512 17.31 4.11353 2.83E+10 754.3 7.85E+08 2.75E+10 8.20E-05
Q8WUF5 PPP1R13L 27 27 89.09 14.82 3.88967 8.50E+09 95.38 2.05E+08 8.29E+09 1.70E-04
Q13625 TP53BP2 14 13 125.61 14.01 3.80839 1.16E+09 9.217 4.06E+07 1.12E+09 2.20E-04
P50991 CCT4 15 15 57.924 13.25 3.72759 2.05E+09 35.31 1.28E+08 1.92E+09 2.82E-04
Q9UBK9 UXT 2 2 18.246 11.74 3.55324 3.03E+07 1.661 2.05E+06 2.83E+07 4.79E-04
P49368 CCT3 17 17 60.533 11.61 3.53717 3.16E+09 52.2 2.00E+08 2.96E+09 5.03E-04
P48643  CCT5 19 19 59.67 11.46 3.51841 2.27E+09 37.96 1.64E+08 2.10E+09 5.32E-04
POCG48 UBC 6 6 77.028 11.18 3.48272 4.37E+09 56.69 1.71E+08 4.20E+09 5.91E-04
P40227 CCT6A 15 15 58.024 11.06 3.46676 2.39E+09 41.27 2.06E+08 2.19E+09 6.19E-04
P50990 CCT8 25 25 59.62 10.83 3.43683 3.39E+09 56.89 2.46E+08 3.15E+09 6.76E-04
Q6PJW8 CNST 3 3 79.596 10.17 3.34682 4.21E+07 0.529 3.05E+06 3.91E+07 8.76E-04
Q99832 CCT7 15 15 59.366 10.09 3.33528 1.18E+09 19.9 7.48E+07 1.11E+09 9.05E-04
P78371 CCT2 25 25 57.488 10.01 3.32323 3.44E+09 59.91 2.33E+08 3.21E+09 9.37E-04
P51784  USP11 14 14 109.82 9.763 3.28731 3.47E+08 3.155 2.99E+07 3.17E+08 1.04E-03
P41236 PPP1R2 9 9 23.015 9.701 3.27807 5.57E+08 24.22 1.99E+07 5.37E+08 1.06E-03
P17987 TCP1 24 24 60.343 9.586 3.26093 3.30E+09 54.7 2.27E+08 3.07E+09 1.12€-03
Q13268 DHRS2 5 5 29.007 9.031 3.17492 2.14e+08 7.376 2.31E+07 1.91E+08 1.42E-03
Q96SB3  PPP1R9B 4 4 89.191 8.891 3.15239 5.43E+07 0.609 5.34E+06 4.90E+07 1.51E-03
075864 PPP1R37 10 10 74.766 7.926 2.98659 2.76E+08 3.689 2.65E+07 2.49E+08 2.36E-03
P19388 POLR2E 4 4 24.551 7.522 29111 5.20E+07 2.119 5.79E+06 4.62E+07 2.88E-03
Q96MX6 WDR92 4 4 39.74 6.447 2.68867 8.63E+07 2.172 9.16E+06 7.72E+07 5.06E-03
Q02833 RASSF7 8 8 36.343 6.078 2.60362 2.91E+08 8.008 3.32E+07 2.58E+08 6.23E-03
Q12972 PPP1R8 5 5 38.478 5.52 2.46467 2.76E+08 7.185 2.64E+07 2.50E+08 8.67E-03
Q8TEWO PARD3 12 12 151.42 5.305 2.40727 2.09E+08 1.38 2.61E+07 1.83E+08 9.91E-03
P49750 YLPM1 7 7 241.64 5.238 2.3891 2.68E+07 0.111 1.69E+06 2.51E+07 1.03E-02
Q9H6T3 RPAP3 6 6 75.718 5.022 2.32838 9.31E+07 1.229 1.18E+07 8.13E+07 1.19E-02
Q96KQ4 PPP1R13B 8 7 119.56 4.793 2.26087 1.91E+08 1.596 1.26E+07 1.78E+08 1.38E-02
G8JLJ4  PPP1R18 3 3 68.041 4.759 2.25066 3.90E+07 0.573 6.53E+06 3.25E+07 1.41E-02
E7EVU8 HUWE1 42 42 482.14 4.751 2.24811 3.77E+08 0.782 6.77E+07 3.10E+08 1.42E-02
095816 BAG2 3 3 23.772 4.736 2.24358 9.10E+07 3.829 1.35E+07 7.75E+07 1.43E-02
094763 URI1 2 2 59.832 4.585 2.19692 3.24E+07 0.541 4.35E+06 2.80E+07 1.59E-02
Q86W26 NLRP10 4 4 75.031 4.432 2.14783 3.71E+07 0.494 3.38E+06 3.37E+07 1.77E-02
HOYG33 HSPA1B 17 11 77.405 4.243 2.08519 1.01E+09 13.02 1.84E+08 8.23E+08 2.02E-02
P11142  HSPA8 29 25 70.897 3.29 1.71787 6.17E+09 87.05 1.27E+09 4.90E+09 4.24E-02
Q9BTAO FAM167B 2 2 18.414 3.088 1.62663 6.11E+07 3.317 1.39E+07 4.72E+07 5.04E-02
P27708 CAD 32 32 242,98 2.993 1.58179 3.88E+08 1.598 1.04E+08 2.85E+08 5.47E-02
P55884  EIF3B 3 3 99.028 2.779 1.47446 4.53E+07 0.458 1.28E+07 3.25E+07 6.64E-02
Q9UHV9 PFDN2 3 3 16.648 2.129 1.09018 6.23E+07 3.74 1.79E+07 4.44E+07 1.26E-01
Q8IXB1  DNAIC10 4 4 91.079 1.811 0.85639 5.10E+07 0.56 1.83E+07 3.27E+07 1.79E-01
095817 BAG3 2 2 61.594 1.754 0.81081 2.00E+07 0.325 6.57E+06 1.34E+07 1.91E-01
P10809 HSPD1 3 3 61.054 1.742 0.80091 4.57E+07 0.748 1.73E+07 2.84E+07 1.94E-01
P04792  HSPB1 9 9 22.782 1.594 0.67247 3.34E+08 14.68 1.22E+08 2.12E+08 2.32E-01
Q13057 COASY 2 2 65.339 1.531 0.61485 5.07E+07 0.776 2.10E+07 2.97E+07 2.50E-01
QI9NYU2 UGGT1 2 2 177.19 1.531 0.61466 3.67E+06 0.021 1.45E+06 2.22E+06 2.50E-01
Q13885 TUBB2A 21 2 49.906 1.45 0.53605 1.07E+08 2.143 4.50E+07 6.20E+07 2.77E-01
Q9UL25 RAB21 1 1 24.347 1.449 0.53506 8.48E+06 0.348 4.03E+06 4.45E+06 2.77€E-01
Q92616 GCN1L1 3 3 292.75 1.439 0.52517 7.15E+06 0.024 3.13E+06 4.02E+06 2.81E-01
Q86VP6 CAND1 3 3 136.37 1.437 0.52286 1.89E+07 0.138 7.00E+06 1.19E+07 2.81E-01
Q04917 YWHAH 4 2 28.218 1.344  0.426 4.62E+07 1.638 1.78E+07 2.85E+07 3.17E-01
P31946 YWHAB 5 3 28.082 1.313 0.39265 8.22E+07 2.927 3.29E+07 4.93E+07 3.30E-01
P61981 YWHAG 4 2 28.302 1.285 0.36188 3.85E+07 1.36 1.63E+07 2.22E+07 3.43E-01
Q71U36 TUBA1A 19 0 50.135 1.269 0.34369 6.33E+07 1.262 2.69E+07 3.64E+07 3.50E-01
Q9UNF1 MAGED2 13 13 64.953 1.243 0.31406 4.23E+08 6.509 1.73E+08 2.50E+08 3.62E-01
P23921 RRM1 2 2 90.069 1.154 0.20639 2.88E+07 0.319 1.14E+07 1.74E+07 4.09E-01

Table A21. U20S®PPP'¢ Cytoplasmic Interactome data set. Data above threshold >log

median Ratio H:L 0.20 shown.
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U20S”PP1lalpha Nucleoplasmic (NP)/ Stable cell line

Light: U20S Heavy: U20SAGFP-PP1a.
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = -0.67

Threshold (> 1 log median) = 0.33

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L
ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
G8JLU4 PPP1R18 14 14 68.041 14.7 3.87784239 3.06E+09 44.93 1.74E+08 2.88E+09 1.59E-26
Qou6Y5  GFP 10 10 28.106 11.94 3.5776101 9.98E+09 355.1 2.50E+08 9.73E+09 2.38E-23
Q96SB3  PPP1R9B 20 18 89.191 9.525 3.25176453 3.31E+09 37.12 1.94E+08 3.12E+09 3.82E-20
P49750  YLPM1 55 55 241.64 9.181 3.1986513 4.79E+09 19.81 3.13E+08 4.47E+09 1.20E-19
Q13625  TP53BP2 7 7 125.61 6.259 2.64600132 2.54E+08 2.024 3.33E+07 2.21E+08 7.55E-15
Q13268  DHRS2 6 6 27.438 6.179 2.62727998 9.56E+08 34.84 1.24E+08 8.32E+08 1.07E-14
Q96QCO  PPP1R10 8 8 99.057 6.171 2.62541078 2.21E+08 2.236 1.74E+07 2.04E+08 1.10E-14
P62136 PPP1CA 22 7 37.512 5.658 2.50016468 1.33E+10 355 7.34E+08 1.26E+10 1.06E-13
Q9H792  PEAK1 3 3 193.1 5.639 2.49536259 6.35E+07 0.329 9.03E+06 5.45E+07 1.15E-13
Q15435  PPP1R7 2 2 41.564 5.101 2.35075182 4.89E+07 1.177 1.03E+07 3.86E+07 1.40E-12
Q8WUF5 PPP1R13L 5 5 89.09 5.067 2.34118877 1.25E+08 1.403 2.06E+07 1.04E+08 1.65E-12
Q4KMQ1l TPRN 2 2 75.555 4.745 2.2465297 4.03E+07 0.533 6.39E+06 3.39E+07 7.93E-12
Q6UXN9  WDRS82 4 4 35.079 4.496 2.16848158 2.01E+08 5.724 2.93E+07 1.71E+08 2.79E-11
E9PCR8  ERBB2IP 2 2 159.02 3.729 1.89875011 1.58E+07 0.099 3.27E+06 1.25E+07 1.68E-09
P36873 PPP1CC 17 2 38.518 3.41 1.7696025 1.92E+08 4.985 3.98E+07 1.52E+08 1.04E-08
Q5UIPO  RIF1 5 5 274.46 3.36 1.74859004 4.47E+07 0.163 7.89E+06 3.68E+07 1.39E-08
P33947 KDELR2 2 2 24.422 1.985 0.98935703 2.06E+07 0.842 6.83E+06 1.37E+07 9.74E-05
E9PDX1  PPP1R9A 7 5 154.05 1.967 0.97592361 8.60E+07 0.558 2.08E+07 6.51E+07 1.11E-04
Q8TEWO PARD3 3 3 151.42 1.951 0.96436166 5.36E+07 0.354 1.68E+07 3.68E+07 1.24E-04
Q8IY33 MICALL2 2 2 97.501 1.645 0.71826298 1.34E+07 0.137 4.57E+06 8.80E+06 1.11E-03
P31689 DNAJA1 2 2 44.868 1.632 0.70628741 8.23E+07 1.833 3.06E+07 5.17E+07 1.22E-03
A7MAPO  CORO1C 3 3 54.066 1.463 0.54932416 6.03E+08 11.16 2.40E+08 3.64E+08 4.15E-03
E7EVA0  MAP4 19 19 245.44 1.437 0.52265842 1.40E+09 5.723 5.75E+08 8.30E+08 5.04E-03
C9JWM7 ARPC4 2 2 21.588 1.31 0.38967694 6.62E+07 3.064 3.05E+07 3.56E+07 1.27E-02

Table A22. U20S°"PP1q Nucleoplasmic Interactome data set.

>log median Ratio H:L 0.33 shown.

Data above threshold
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U20S"PPlalpha Concatenated/ Stable cell line

Light: U20S Heavy: U20SAGFP-PP1a
MaxQuant Version: 1.2.7.4

Median log Ratio H/L =-1.120

Threshold (> 1 log median) =-0.120

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
060927  PPP1R11 4 4 13.952 34.02 5.08844 1.62E+09 116.2 8.10E+07 1.54E+09
Q15435 PPP1R7 28 4 41.564 28.62 4.83895 2.38E+10 572.9 8.62E+08 2.30E+10
QoU6Y5 GFP 16 16 28.106 14.77 3.88489 5.27E+10 1875 1.02E+09 5.17E+10
G8JLJ4 PPP1R18 14 14 68.041 14.06 3.81352 2.99E+09 44 1.46E+08 2.85E+09
Q8WUF5 PPP1R13L 30 30 89.09 13.69 3.77473 9.59E+09 107.6 2.42E+08 9.35E+09
Q13625  TP53BP2 17 16 125.61 11.76 3.55594 1.45e+09 11.53 7.56E+07 1.37E+09
Q9UBK9  UXT 2 2 18.246 11.74 3.55324 3.03E+07 1.661 2.05E+06 2.83E+07
P49368 CCT3 18 18 60.533 11.52 3.52569 3.25E+09 53.62 2.42E+08 3.00E+09
P50990 CCT8 23 23 59.62 11.34 3.50348 3.33E+09 55.81 2.39E+08 3.09E+09
P78371 CCT2 25 25 57.488 11.03 3.46336 3.99E+09 69.41 3.42E+08 3.65E+09
P62136 PPP1CA 27 8 37.512 11.02 3.46231 5.01E+10 1336 2.40E+09 4.77E+10
P40227 CCT6A 16 16 58.024 10.97 3.45602 2.40E+09 41.38 2.07E+08 2.19E+09
P48643 CCT5 18 18 59.67 10.74 3.42492 2.31E+09 38.75 1.87E+08 2.13E+09
Q99832  CCT7 15 15 59.366 10.06 3.32984 1.39E+09 23.43 1.02E+08 1.29E+09
P41236 PPP1R2 9 9 23.015 9.701 3.27807 5.57E+08 24.22 1.99E+07 5.37E+08
P50991 CCT4 16 16 57.924 9.25 3.20945 2.32E+09 40.1 2.37E+08 2.09E+09
P17987 TCP1 25 25 60.343 9.225 3.20547 3.65E+09 60.43 3.28E+08 3.32E+09
P49750 YLPM1 52 52 241.64 8.974 3.16567 4.94E+09 20.44 3.22E+08 4.62E+09
Q96SB3  PPP1R9B 22 20 89.191 8.891 3.15239 3.47E+09 38.91 2.07E+08 3.26E+09
Q12972  PPP1R8 5 5 38.478 8.036 3.00651 2.89E+08 7.512 2.70E+07 2.62E+08
P51784 USP11 16 16 109.82 7.907 2.98319 3.81E+08 3.474 3.88E+07 3.43E+08
Q8NHQ8 RASSF8 3 3 48.326 7.591 2.92421 1.04E+08 2.162 5.77E+06 9.87E+07
075864 PPP1R37 11 11 74.766 7.555 2.91737 3.04E+08 4.07 2.96E+07 2.75E+08
Q96MX6  WDR92 5 5 39.74 6.886 2.78369 1.02E+08 2.571 1.04E+07 9.18E+07
Q13268  DHRS2 10 10 27.438 6.872 2.78077 6.22E+09 226.6 6.47E+08 5.57E+09
Q02833  RASSF7 8 8 36.343 6.168 2.62483 4.56E+08 12.55 3.82E+07 4.18E+08
P19388 POLR2E 4 4 24.551 6.114 2.61221 9.95E+07 4.054 2.79E+07 7.16E+07
QI9NWS0 PIH1D1 3 3 32.363 5.936 2.56937 5.45E+07 1.683 5.26E+06 4.92E+07
Q96QC0  PPP1R10 7 7 99.057 5.892 2.55873 2.30E+08 2.32 2.34E+07 2.06E+08
Q9H792  PEAK1 4 4 193.1 5.386 2.42916 9.48E+07 0.491 1.40E+07 8.08E+07
Q86W26 NLRP10 5 5 75.031 5.036 2.33216 5.41E+07 0.721 4.76E+06  4.94E+07
Q9H6T3  RPAP3 6 6 75.718 5.022 2.32838 9.31E+07 1.229 1.18E+07 8.13E+07
Q96KQ4  PPP1R13B 8 7 119.56 4.793 2.26087 1.91E+08 1.596 1.26E+07 1.78E+08
Q4KMQ1l TPRN 2 2 75.555 4.745 2.24653 4.03E+07 0.533 6.39E+06 3.39E+07
Q8TEWO PARD3 14 14 151.42 4.633 2.21204 2.63E+08 1.734 4.29E+07 2.20E+08
E7EVU8  HUWE1 39 39 482.14 4.624 2.20927 3.64E+08 0.754 7.00E+07  2.94E+08
094763  URI1 2 2 59.832 4.585 2.19692 3.24E+07 0.541 4.35E+06 2.80E+07
Q6UXNS  WDR82 4 4 35.079 4.496 2.16848 2.01E+08 5.724 2.93E+07 1.71E+08
Q6PJW8  CNST 3 3 79.596 4.348 2.12025 4.36E+07 0.548 3.39E+06 4.03E+07
HOYG33 HSPA1B 18 11 77.405 3.881 1.95639 1.63E+09 21.05 4.56E+08 1.17E+09
Q5UIPO RIF1 5 5 274.46 3.36 1.74859 4.47E+07 0.163 7.89E+06 3.68E+07
P54132 BLM 2 2 159 3.033 1.60094 4.64E+08 2.921 9.33E+07 3.71E+08
P27708 CAD 31 31 24298 3.002 1.58602 3.70E+08 1.522 9.12E+07 2.79E+08
P11142 HSPA8 32 28 70.897 2.991 1.58039 1.14E+10 160.7 4.12E+09 7.27E+09
P36873 PPP1CC 21 3 38.518 2.877 1.52446 8.91E+08 23.14 6.18E+08 2.74E+08
P55884 EIF3B 3 3 99.028 2.779 1.47446 A4.53E+07 0.458 1.28E+07 3.25E+07
ESPDX1 PPP1R9A 6 4 154.05 2.661 1.41186 6.26E+07 0.406 1.28E+07 4.98E+07
E9PCR8 ERBB2IP 3 3 159.02 2.65 1.40577 2.65E+07 0.167 6.60E+06 1.99E+07
Q9UHV9  PFDN2 3 3 16.648 2.129 1.09018 6.23E+07 3.74 1.79E+07 4.44E+07

Continuation ...
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Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
Q8N1G4 LRRC47 2 2 63.472 1.686 0.75369 6.85E+07 1.079 3.10E+07 3.75E+07
P31689 DNAJA1 2 2 44.868 1.667 0.73734 8.91E+07 1.986 3.20E+07 5.71E+07
Q81Y33 MICALL2 2 2 97.501 1.645 0.71826 1.34E+07 0.137 4.57E+06 8.80E+06
095817 BAG3 3 3 61.594 1.643 0.71598 5.69E+07 0.924 3.36E+07 2.33E+07
Q13057  COASY 2 2 65.339 1.531 0.61485 5.07E+07 0.776 2.10E+07 2.97E+07
P04792 HSPB1 8 8 22.782 1.495 0.57976 4.68E+08 20.55 2.04E+08 2.64E+08
A7MAPO  CORO1C 3 3 54.066 1.463 0.54932 6.03E+08 11.16 2.40E+08 3.64E+08
Q13885 TUBB2A 22 2 49.906 1.45 0.53605 1.07E+08 2.143 4.50E+07 6.20E+07
C9JWM7  ARPC4 3 3 21.588 1.31 0.38968 6.62E+07 3.064 3.05E+07 3.56E+07
P61981 YWHAG 4 2 28.302 1.285 0.36188 3.85E+07 1.36 1.63E+07 2.22E+07
Q9UL25  RAB21 6 6 24.347 1.285 0.36121 4.89E+08 20.09 2.03E+08 2.86E+08
Q71U36  TUBA1A 18 0 50.135 1.266 0.34016 1.22E+08 2.443 5.52E+07 6.72E+07
Q9UNF1  MAGED2 13 13 64.953 1.227 0.29478 4.83E+08 7.43 2.26E+08 2.57E+08
P30876 POLR2B 2 2 1339 1.224 0.29149 1.85E+08 1.384 9.88E+07 8.65E+07
E7EVAO MAP4 19 19 245.44 1.219 0.2857 1.60E+09 6.531 7.18E+08 8.85E+08
Q14966  ZNF638 2 2 220.62 1.206 0.26975 1.42E+07 0.065 4.96E+06 9.27E+06
Q13315 AT™M 2 2 350.71 1.191 0.25205 8.98E+06 0.026 4.06E+06 4.92E+06
Q14444  CAPRIN1 2 2 78.365 1.188 0.24793 5.69E+07 0.726 2.52E+07 3.17E+07
P31946 YWHAB 5 3 28.082 1.153 0.20527 1.08E+08 3.832 4.72E+07 6.04E+07
A5YKK6 CNOT1 4 4 266.94 1.148 0.199 1.98E+07 0.074 9.85E+06 9.98E+06
Q14160  SCRIB 22 22 177.69 1.139 0.18827 8.02E+08 4.514 3.68E+08 4.34E+08
P62258 YWHAE 6 4 29.174 1.105 0.14405 1.04E+08 3.56 4.91E+07 5.48E+07
C9JGC4 SPC24 1 1 22.478 1.096 0.13238 1.57E+07 0.697 6.51E+06 9.16E+06
E7ENH9  ACLY 5 5 126.22 1.085 0.11823 1.20E+08 0.949 6.38E+07 5.59E+07
P51452 DUSP3 2 2 20.478 1.082 0.11423 1.19E+07 0.582 5.50E+06 6.41E+06
Q04917  YWHAH 4 2 28.218 1.075 0.10434 1.04E+08 3.685 5.04E+07 5.36E+07
E9PI68 SPCS2 1 1 28.503 1.058 0.08079 4.39E+07 1.542 1.93E+07 2.46E+07
000192  ARVCF 4 4 104.64 1.053 0.07478 8.48E+07 0.81 4.06E+07 4.42E+07
P12236 SLC25A6 13 5 32.866 1.051 0.07149 1.09E+09 33.21 5.82E+08 5.09E+08
P05141 SLC25A5 16 8 32.852 1.042 0.05922 7.72E+09 235 5.73E+09  1.99E+09
095782  AP2A1 2 2 107.54 1.038 0.05311 3.04E+07 0.283 1.55E+07 1.49E+07
095816 BAG2 6 6 23.772 1.032 0.04572 4.05E+08 17.04 1.70E+08 2.35E+08
P54136 RARS 2 2 75.378 1.025 0.03492 3.91E+07 0.519 1.48E+07 2.44E+07
Q96N67  DOCK7 3 3 242.56 1.024 0.03365 1.06E+07 0.044 4.94E+06 5.67E+06
Q93008 USPI9X 2 2 292.28 1.022 0.03182 6.07E+06 0.021 2.73E+06 3.34E+06
Q9Y315 DERA 2 2 35.23 1.022 0.03125 1.09E+07 0.309 4.98E+06 5.90E+06
Q96ME1  FBXL18 2 2 88.34 1.015 0.02162 2.72E+07 0.308 1.55E+07 1.17E+07
F8W1H5 RABS5C 3 3 27.035 1.014 0.01963 2.31E+08 8.54 1.13E+08 1.18E+08
P52630 STAT2 2 2 97.915 1.012 0.01664 9.06E+06 0.092 4.30E+06 4.75E+06
Q9NQW6 ANLN 4 4 124.2 0.998 -0.0026 1.04E+08 0.841 5.45E+07 4.99E+07
P11021 HSPAS5 17 16 72.332 0.996 -0.0062 1.62E+09 22.33 8.78E+08 7.37E+08
000139 KIF2A 2 2 84.088 0.992 -0.0116 3.21E+07 0.382 1.75E+07 1.46E+07
Q8WX93  PALLD 13 13 150.56 0.984 -0.0227 7.72E+08 5.125 3.73E+08 3.98E+08
BADYH1  HSPH1 7 7 97.459 0.974 -0.0384 1.36E+08 1.394 6.64E+07 6.95E+07
Q8WWM7 ATXN2L 3 3 115.58 0.933 -0.0995 7.92E+07 0.685 3.86E+07 4.07E+07
P40763 STAT3 5 5 88.067 0.93 -0.1043 1.24E+08 1.407 5.86E+07 6.53E+07
BAE1T7 PPP2R2A 5 5 52999 0.93 -0.1049 1.50E+08 2.833 8.84E+07 6.17E+07
096007 MOCS2 3 3 20.944 0.927 -0.1086 6.33E+07 3.025 3.27E+07 3.06E+07
015145  ARPC3 3 3 20.546 0.923 -0.116 9.40E+07 4.575 4.84E+07 4.56E+07

Table A23. U20S®PPP1q Concatenated Interactome data set.

>log median Ratio H:L -0.120 shown.

Data above threshold
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U20S~*PP1beta Cytoplasmic (CP)/ Stable cell line

Light: U20S Heavy: U20S"PP1(3-GFP
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = 0.61

Threshold (> 1 log median) = 1.61

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L
ID Name Peptides Peptides weight [kDa] H/L H/L  Intensity NINT Intensity L Intensity H Significance B
Q12972 PPP1R8 19 19 38.478 24.77 4.63064 8.11E+07 2.11 2.08E+06 7.90E+07 2.63E-09
P41236  PPP1R2 9 9 23.015 23.6 4.56078 2.32E+07 1.01 4.46E+05 2.28E+07 4.91E-09
060927 PPP1R11 3 3 13.952 17.98 4.16816 2.27E+07 1.63 2.66E+05 2.24E+07 1.35E-07
P62140 PPP1CB 24 24 37.186 15.99 3.9991 2.38E+09 64 3.52E+07 2.34E+09 5.09E-07
Q9BZL4 PPP1R12C 18 2 84.88 12.79 3.67706 4.30E+07 0.51 3.33E+06 3.97E+07 5.40E-06
Q9U6Y5 GFP 13 13 28.106 12.39 3.63099 1.31E+09 46.7 2.45E+07 1.29E+09 7.43E-06
014974 PPP1R12A 62 62 115.28 11.4 3.51122 5.37E+08 4.66 2.74E+07 5.10E+08 1.67E-05
Q15435 PPP1R7 19 4 41.564 11.33 3.5022 4.40E+08 10.6 1.03E+08 3.37E+08 1.78E-05
Q96134  PPP1R16A 4 4 57.811 10.22 3.35361 7.34E+06 0.13 6.27E+05 6.71E+06 4.65E-05
Q8WUF5 PPP1R13L 29 29 89.09 9.379 3.22937 2.33E+08 2.62 9.15E+06 2.24E+08 1.01E-04
Q96KQ4 PPP1R13B 11 10 119.56 8.784 3.13483 8.35E+06 0.07 8.55E+05 7.50E+06 1.77E-04
Q13625 TP53BP2 12 11 125.61 8.601 3.10455 1.31E+07 0.1 1.16E+06 1.19E+07 2.11E-04
Q9BZL4 17 1 84.681 7.477 2.9024 3.05E+06 0.04 3.68E+05 2.68E+06 6.55E-04
Q9P2K8 EIF2AK4 2 2 186.91 6.967 2.80058 9.10E+05 0 1.59E+05 7.50E+05 1.12E-03
095405 ZFYVE9 3 3 156.4 5.713 2.51422 2.27E+06 0.01 3.33E+05 1.93E+06 4.57E-03
Q81221  PHACTR4 21 21 79.128 5.277 2.39961 7.95E+07 1 1.82E+07 6.13E+07 7.65E-03
Q9H175 CSRNP2 7 7 59.591 5 2.32201 7.14E+06 0.12 8.47E+05 6.29E+06 1.07E-02
HOYG33 HSPA1B 16 8 77.405 4.864 2.28211 6.29E+07 0.81 9.05E+06 5.39E+07 1.26E-02
075864 PPP1R37 9 9 74.766 4.375 2.12922 5.59E+06 0.07 1.02E+06 4.57E+06 2.33E-02
POCOS5 H2AFZ 3 2 13.553 4.299 2.10407 1.02E+08 7.55 2.10E4+07 8.14E+07 2.56E-02
P36969 GPX4 3 3 22.192 3.975 1.99099 1.18E+06 0.05 2.55E+05 9.26E+05 3.89E-02
P04406 GAPDH 11 11 36.053 3.95 1.98196 1.62E+07 0.45 3.29E+06 1.29E+07 4.02E-02
P11142  HSPA8 31 27 70.897 3.764 1.91238 5.12E+08 7.23 1.04E+08 4.09E+08 5.12E-02
Q72378 ZFYVE16 7 7 168.9 3.747 1.90574 3.28E+06 0.02 6.83E+05 2.60E+06 5.24E-02
P06733 ENO1 2 2 47.168 3.547 1.82664 3.73E+06 0.08 9.11E+05 2.82E+06 6.83E-02
Q16658 FSCN1 6 6 54.529 3.113 1.63835 8.59E+06 0.16 2.17E+06 6.42E+06 1.22E-01
Q8TEWO PARD3 2 2 151.42 3.092 1.62835 7.62E+05 0.01 1.28E+05 6.34E+05 1.26E-01

Table A24. U20S""'g°F Cytoplasmic Interactome data
median Ratio H:L 1.61 shown.

set. Data above threshold >log
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U20S"PP1beta Nucleoplasmic (NP)/ Stable cell line
Light: U20S Heavy: U20S"PP1B-GFP

MaxQuant Version: 1.2.7.4
Median log Ratio H/L = 0.55
Threshold (> 1 log median) = 1.55

Uniprot Gene Unique Mol. Ratio Log Ratio Ratio H/L
ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H Significance B
Q02539 HIST1H1A 16 7 21.842 13.33 3.7365 4.20E+08 19.25 2.90E+07 3.91E+08 5.43E-05
P34741 SDC2 4 4 22.16 11.63 3.54028 6.20E+06 0.28 3.65E+05 5.83E+06 1.51E-04
Q6UXNS WDR82 6 6 35.079 11.08 3.46963 6.26E+07 1.784 5.49E+06 5.71E+07 2.16E-04
014974 PPP1R12A 26 26 115.28 10.13 3.34028 4.12E+08 3.577 2.93E+07 3.83E+08 4.05E-04
GFP GFP 9 9 28.106 10.09 3.33443 9.87E+08 35.13 3.24E+07 9.55E+08 4.17E-04
P16403 HIST1H1C 22 7 21.364 8.546 3.09518 9.39E+09 439.3 1.08E+09 8.31E+09 1.25E-03
P62140 PPP1CB 20 8 37.186 8.399 3.07023 1.52E+09 40.89 1.15E+08 1.41E+09 1.39E-03
P10412 HIST1H1E 17 2 21.865 7.049 2.81732 5.55E+07 2.536 5.74E+06 4.97E+07 4.01E-03
Q96QCO PPP1R10 11 11 99.057 6.928 2.79252 1.09E+08 1.104 1.43E+07 9.51E+07 4.43E-03
Q12972 YLPM1 21 21 241.64 6.514 2.70357 1.04E+08 0.43 1.39E+07 9.00E+07 6.26E-03
P49750 PPP1R8 7 7 38.478 6.514 2.70357 3.22E+07 0.836 2.52E+06 2.96E+07 6.26E-03
Q96134 PPP1R16A 5 5 57.811 5.645 2.49692 3.64E+07 0.629 5.35E+06 3.10E+07 1.34E-02
P04908 HIST1H2AB 11 2 14.135 5.297 2.40528 2.37E+08 16.76 3.41E+07 2.03E+08 1.84E-02
Q9Y625 GPC6 3 2 62.735 5.204 2.37957 1.07E+07 0.171 1.21E+06 9.50E+06 2.01E-02
P35052 GPC1 8 8 61.68 4.62 2.20799 6.16E+07 0.999 1.14E+07 5.03E+07 3.49E-02
POCG48 UBC 5 5 77.028 4.43 2.1474 1.92E+09 24.87 3.49E+08 1.57E+09 4.21E-02
075531 BANF1 5 5 10.058 4.378 2.13037 2.85E+08 28.33 5.16E+07 2.33E+08 4.43E-02
075487 GPC4 4 3 62.411 4.33 2.1144 2.30E+07 0.368 3.19E+06 1.98E+07 4.65E-02
P07305 HI1FO 5 5 20.863 4.315 2.10939 5.91E+08 28.32 9.91E+07 4.92E+08 4.72E-02
Q04837 SSBP1 3 3 17.259 4.229 2.08015 2.90E+07 1.679 6.99E+06 2.20E+07 5.14E-02
B4DLA9 HIST2H2BF 21 0 14.841 4.147 2.05196 2.70E+10 1821 5.39E+09 2.16E+10 5.58E-02
P05204 HMGN2 3 3 9.3926 4.095 2.03369 2.90E+06 0.309 5.92E+05 2.31E+06 5.89E-02
P23527 HIST1H2BO 17 0 13.906 4.057 2.02045 1.34E+09 96.02 2.53E+08 1.08E+09 6.11E-02
P12004 PCNA 6 6 28.768 4.029 2.01042 5.00E+07 1.737 1.08E+07 3.92E+07 6.29E-02
P18827 SDC1 2 2 32.461 3.981 1.99309 3.29E+06 0.101 5.98E+05 2.69E+06 6.60E-02
Q6FI13  HIST2H2AA3 13 1 14.095 3.943  1.9794 1.43E+10 1015 2.78E+09 1.15E+10 6.86E-02
E9PCS5 (CBX1 4 3 21.915 3.729 1.89863 3.43E+07 1.566 5.68E+06 2.86E+07 8.56E-02
P23284 PPIB 3 3 23.742 3.637 1.86263 3.16E+07 1.333 5.70E+06 2.59E+07 9.42E-02
Q9BS16 CENPK 3 3 31.655 3.53 1.81955 1.82E+07 0.575 3.50E+06 1.47E+07 1.05E-01
P45973 CBX5 4 3 22.225 3.512 1.81209 1.49E+07 0.67 3.24E+06 1.17E+07 1.07E-01
P11215 ITGAM 1 1 127.18 3.497 1.80604 3.60E+08 2.827 8.27E+07 2.77E+08 1.09E-01
P12956 XRCC6 7 7 69.842 3.49 1.80327 3.50E+07 0.501 7.92E+06 2.71E+07 1.10E-01
Q92945 KHSRP 8 8 73.114 3.434 1.77985 7.32E+07 1.001 1.75E+07 5.58E+07 1.17E-01
P13010 XRCC5 8 8 82.704 3.421 1.77421 5.03E+07 0.609 1.22E+07 3.81E+07 1.18E-01
P62937 PPIA 3 3 18.012 3.391 1.76171 2.59E+07 1.436 6.31E+06 1.96E+07 1.22E-01
Q9BZL4 PPP1R12C 5 5 84.88 3.371 1.75326 6.64E+06 0.078 1.58E+06 5.06E+06 1.25E-01
P16104 H2AFX 9 0 15.144 3.355 1.74618 1.06E+09 70.09 2.24E+08 8.37E+08 1.27E-01
Q969G3 SMARCE1 2 2 46.649 3.303 1.72391 1.31E+07 0.282 2.80E+06 1.03E+07 1.34E-01
POCOS5 H2AFZ 6 4 13.553 3.25 1.70062 1.95E+09 144 3.96E+08 1.56E+09 1.42E-01
Q8WXX5 DNAJC9 2 2 29.909 3.207 1.68104 6.27E+06 0.209 1.52E+06 4.74E+06 1.49E-01
Q6PL18 ATAD2 10 7 158.55 3.153 1.65659 1.01E+08 0.639 2.06E+07 8.07E+07 1.57E-01
Q13185 CBX3 6 4 20.811 3.131 1.64644 3.72E+08 17.9 8.21E+07 2.90E+08 1.61E-01
Q08945 SSRP1 13 13 81.074 3.111 1.63742 1.81E+08 2.231 4.45E+07 1.36E+08 1.65E-01
Q9H6F5 CCDC86 2 2 40.235 3.088 1.62658 1.65E+07 0.411 3.56E+06 1.30E+07 1.69E-01
P62805 HIST1H4A 14 14 11367 3.06 1.61344 2.71E+10 2386 6.71E+09 2.04E+10 1.74€-01
Q5UIPO  RIF1 3 3 274.46 3.055 1.61136 4.88E+06 0.018 1.17E+06 3.70E+06 1.75E-01
Q96788 UHRF1 3 3 89.813 3.008 1.58866 1.11E+07 0.124 2.54E+06 8.56E+06 1.84E-01
075475 PSIP1 5 5 60.103 3.003 1.58655 6.36E+07 1.058 1.58E+07 4.77E+07 1.85E-01
Q03252 LMNB2 20 17 67.688 3.003 1.5864 1.74E+08 2.566 4.96E+07 1.24E+08 1.85E-01

Table A25. U20SPP'8¢"P Nucleoplasmic Interactome data set. Data above threshold
>log median Ratio H:L 1.55 shown.
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U20S"PP1beta Concatenated/ Stable cell line

Light: U20S Heavy: U20S"PP13-GFP
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = 0.434
Threshold (> 1 log median) = 1.434

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
P41236 PPP1R2 9 9 23.015 24.71 4.62702 2.26E+07 0.982 4.33E+05 2.22E+07
060927 PPP1R11 2 2 13.952 22.51 4.49249 2.24E+07 1.605 2.69E+05 2.21E+07
Q12972 PPP1R8 22 22 38.478 19.742  4.3032 1.42E+08 3.685 5.20E+06 1.37E+08
Q8WUF5 PPP1R13L 37 37 89.09 18.32 4.19535 8.85E+08 9.932 1.98E+07 8.65E+08
QouU6Y5 GFP 13 13 28.106 14.689 3.87666 4.12E+09 146.5 7.54E+07 4.04E+09
Q15435 PPP1R7 20 4 41.564 13.393 3.74341 6.63E+08 15.95 1.09E+08 5.54E+08
014974 PPP1R12A 67 67 115.28 12.695 3.66619 1.68E+09 14.57 7.91E+07 1.60E+09
P62140 PPP1CB 27 11 37.186 11.579 3.53344 4.77E+09 128.2 2.01E+08 4.57E+09
Q9BZL4 PPP1R12C 19 2 84.88 9.5521 3.25582 5.05E+07 0.595 4.96E+06 4.55E+07
P34741 SDC2 3 3 22.16 8.9757 3.16602 4.83E+06 0.218 2.50E+05 4.58E+06
Q6UXN9 WDR82 6 6 35.079 8.9229 3.15751 6.29E+07 1.792 5.51E+06 5.74E+07
Q96KQ4 PPP1R13B 11 10 119.56 8.7837 3.13483 8.35E+06 0.07 8.55E+05 7.50E+06
Q96134 PPP1R16A 6 6 57.811 8.7809 3.13437 3.99E+07 0.69 5.20E+06 3.47E+07
Q9BzZL4 18 1 84.681 7.4767 2.9024 3.05E+06 0.036 3.68E+05 2.68E+06
Q13625 TP53BP2 11 10 125.61 7.3452  2.8768 1.02E+07 0.081 9.02E+05 9.26E+06
Q5DJT8 CT45A2 3 3 21.302 7.333  2.8744 2.41E+07 1.132 2.90E+06 2.12E+07
Q02539 HIST1H1A 16 7 21.842 7.2502 2.85802 6.48E+08 29.69 7.35E+07 5.75E+08
Q96QCO PPP1R10 9 9 99.057 7.1043 2.82869 8.94E+07 0.902 9.42E+06 7.99E+07
Q9P2K8 EIF2AK4 2 2 186.91 6.9672 2.80058 9.10E+05 0.005 1.59E+05 7.50E+05
P49750 YLPM1 20 20 241.64 6.6216 2.72718 8.64E+07 0.357 1.15E+07 7.49E+07
P16403 HIST1H1C 22 7 21.364 5.8978 2.56018 1.25E+10 584.2 2.03E+09 1.05E+10
095405 ZFYVE9 3 3 156.4 5.7129 2.51422 2.27E+06 0.014 3.33E+05 1.93E+06
Q8l1z21-2 PHACTR4 23 23 79.128 5.4884 2.45639 9.32E+07 1.178 1.81E+07 7.51E+07
Q9Y625 GPC6 3 2 62.735 5.2038 2.37957 1.07E+07 0.171 1.21E+06 9.50E+06
Q9H175 CSRNP2 7 7 59.591 5.0003 2.32201 7.14E+06 0.12 8.47E+05 6.29E+06
P04908 HIST1H2AB 10 2 14.135 4.8176 2.26831 2.92E+08 20.68 4.95E+07 2.43E+08
075864 PPP1R37 10 10 74.766  4.624 2.20914 6.26E+06 0.084 1.11E+06 5.16E+06
075487 GPC4 4 3 62.411 4.3301 2.1144 2.30E+07 0.368 3.19E+06 1.98E+07
P15498 VAV1 1 1 98.313 4.3215 2.11153 5.44E+07 0.553 9.95E+06 4.44E+07
Q04837 SSBP1 3 3 17.259 4.2285 2.08015 2.90E+07 1.679 6.99E+06 2.20E+07
P07305 H1FO 6 6 20.863 4.1944 2.06846 8.12E+08 38.91 2.00E+08 6.12E+08
P12004 PCNA 6 6 28.768 4.029 2.01042 5.00E+07 1.737 1.08E+07 3.92E+07
P18827 SDC1 3 3 32.461 3.9809 1.99309 3.29E+06 0.101 5.98E+05 2.69E+06
P36969 GPX4 3 3 22.192 3.9751 1.99099 1.18E+06 0.053 2.55E+05 9.26E+05
075531 BANF1 4 4 10.058 3.9192 1.97056 2.76E+08 27.45 5.05E+07 2.26E+08
HOYG33 HSPA1B 17 10 77.405 3.8638 1.95002 9.08E+07 1.173 1.86E+07 7.22E+07
B4DLA9 HIST2H2BF 20 0 14.841 3.7879  1.9214 3.18E+10 2145 7.07E+09 2.48E+10
P35052 GPC1 8 8 61.68 3.7805 1.91858 5.11E+07 0.829 9.52E+06 4.16E+07
Q77378 ZFYVE16 7 7 168.9 3.747 1.90574 3.28E+06 0.019 6.83E+05 2.60E+06
E9PCS5 CBX1 4 3 21915 3.7156  1.8936 3.49E+07 1.591 5.75E+06 2.91E+07
POCOS5 H2AFZ 6 4 13.553 3.7013 1.88803 2.14E+09 157.8 4.39E+08 1.70E+09
P23527 HIST1H2BO 17 0 13.906 3.6747 1.87763 1.52E+09 109.5 3.11E+08 1.21E+09
P12956 XRCC6 7 7 69.842 3.5505 1.82802 4.40E+07 0.63 9.84E+06 3.41E+07
P06733 ENO1 2 2 47.168 3.5471 1.82664 3.73E+06 0.079 9.11E+05 2.82E+06
Q9BS16 CENPK 3 3 31.655 3.5297 1.81955 1.82E+07 0.575 3.50E+06 1.47E+07
P11215 ITGAM 1 1 127.18 3.4968 1.80604 3.60E+08 2.827 8.27E+07 2.77E+08
P13010 XRCC5 9 9 82.704 3.4353 1.78044 5.50E+07 0.665 1.29E+07 4.21E+07
Q92945 KHSRP 9 9 73.114 3.4289 1.77775 7.44E+07 1.017 1.79E+07 5.65E+07
P04406 GAPDH 10 10 36.053 3.3069 1.72548 6.14E+07 1.703 1.91E+07 4.23E+07
Q969G3 SMARCE1 2 2 46.649 3.3033 1.72391 1.31E+07 0.282 2.80E+06 1.03E+07
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Continuation ...

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
Q9POM6 H2AFY2 11 9 40.058 3.2455 1.69844 1.09E+08 2.718 2.66E+07 8.23E+07
Q6FI13 HIST2H2AA3 12 1 14.095 3.2246 1.68912 1.56E+10 1110 3.52E+09 1.21E+10
Q5UIPO RIF1 2 2 274.46 3.2246 1.68912 4.34E+06 0.016 1.05E+06 3.29E+06
Q8WXX5 DNAIJC9 2 2 29.909 3.2066 1.68104 6.27E+06 0.209 1.52E+06 4.74E+06
Q6PL18 ATAD2 8 8 158.55 3.1509 1.65576 9.59E+07 0.605 1.92E+07 7.67E+07
Q03135 CAV1 3 3 20.471 3.1474 1.65416 3.22E+06 0.157 8.32E+05 2.38E+06
Q8TEWO PARD3 2 2 151.42 3.0916 1.62835 7.62E+05 0.005 1.28E+05 6.34E+05
POCG48 UBC 5 5 77.028 3.0782 1.62209 2.12E+09 27.5 4.08E+08 1.71E+09
Q13185 CBX3 7 5 20.811 3.0314 1.59998 3.96E+08 19.03 9.06E+07 3.06E+08
Q96T88 UHRF1 3 3 89.813 3.0077 1.58866 1.11E+07 0.124 2.54E+06 8.56E+06
Q03252 LMNB2 20 17 67.688 3.003 1.5864 1.74E+08 2.566 4.96E+07 1.24E+08
075475 PSIP1 7 6 60.103 2.9481 1.55979 1.05E+08 1.749 3.20E+07 7.32E+07
P11021 HSPA5 23 22 72.332 2.9093 1.54067 1.39E+08 1.926 3.88E+07 1.01E+08
P18754 RCC1 8 8 48.145 2.9027 1.5374 7.84E+07 1.628 2.11E+07 5.73E+07
Q16658 FSCN1 5 5 54,529 2.8915 1.53182 1.08E+07 0.197 2.85E+06 7.90E+06
Q08945 SSRP1 13 13 81.074 2.8875 1.52982 2.34E+08 2.881 6.52E+07 1.68E+08
P62805 HIST1H4A 15 15 11.367 2.8566 1.5143 3.11E+10 2740 8.07E+09 2.31E+10
P11142 HSPA8 32 28 70.897 2.8329 1.50228 9.69E+08 13.67 2.64E+08 7.05E+08
P68431 HIST1H3A 7 1 15.404 2.8233 1.49738 1.13E+10 734.4 3.03E+09 8.28E+09
P16104 H2AFX 8 0 15.144 2.8012 1.48604 1.25E+09 82.34 2.92E+08 9.55E+08
075367 H2AFY 14 12 39.617 2.7432 1.45586 1.22E+09 30.73 3.23E+08 8.94E+08
P35520 CBS 7 7 61.862 2.7181 1.4426 1.87E+07 0.302 5.14E+06 1.35E+07
P04792 HSPB1 4 4 22.782 2.7088 1.43765 9.44E+06 0.415 2.57E+06 6.87E+06
Table A26. U20S""'3°"" Concatenated Interactome data set. Data above threshold

>log median Ratio H:L 1.61 shown.
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U20S"PP1gamma Cytoplasmic (CP)/ Stable cell line

Light: U20S Heavy: U20SAGFP-PP1y
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = -0.877

Threshold (> 1 log median) = 0.123

Ratio H/L

Intensity NINT Intensity L Intensity H Significance B

Uniprot Gene Unique Mol. Ratio Log Ratio
ID Name Peptides Peptides weight [kDa] H/L H/L
Q15435 PPP1R7 21 21 41.564 12.28 3.61836
Q6PJW8 CNST 2 2 79.596 9.7 3.27796
Q12972 PPP1R8 18 18 38.478 9.666 3.27293
Q9UeY5 GFP 11 11 28.106  9.65 3.27059
Q13268 DHRS2 3 3 27.438 8.047 3.00852
Q96SB3  PPP1R9B 3 3 89.191 7.847 29721
P36873 PPP1CC 16 6 38.518 7.61 2.92788
P41236 PPP1R2 7 7 23.015 6.894 2.78534
Q81221  PHACTR4 4 4 79.128 6.816 2.76882
Q13625 TP53BP2 2 2 125.61 6.685 2.74099
P49750 YLPM1 3 3 241.64 5.82 2.54102
Q8WUF5 PPP1R13L 2 2 89.09 3.287 1.71664
Q9H792 PEAK1 2 2 193.1 3.252 1.70111
P14621  ACYP2 2 2 11.139 1.808 0.85431
Q92945 KHSRP 2 2 73.114 1.589 0.66839
P33992 MCM5 12 12 82.285 1.48 0.5655
P06703  S100A6 3 3 10.18 1.389 0.47425
P25205 MCM3 22 22 90.98 1.348 0.43125
P62269 RPS18 2 2 17.718 1.201 0.26472

2.3E+09
2.2E+07
2.2E+09
9.3E+09
5.6E+07
1.2E+08
8.3E+09
3.1E+08
8.9E+07
2.4E+07
2.9E+07
1.5E+07
1.2E+07
1.5E+07

3E+07
3.9E+08
6.8E+07
8.8E+08
5.5E+07

54.7
0.28
58.2

331
2.04
1.37

215
13.4
1.13
0.19
0.12
0.16
0.06
1.35
0.41
4.69
6.72
9.64
3.12

Table A27. U20S® PPy Cytoplasmic Interactome data

median Ratio H:L 0.123 shown.

U20s~PP1gamma Nucleoplasmic (NP)/ Stable cell line

Light: U20S Heavy: U20S"GFP-PP1y
MaxQuant Version: 1.2.7.4

Median log Ratio H/L = -0.683

Threshold (> 1 log median) = 0.317

Intensity NINT

3.02E+08
1.53E+06
6.97E+07
2.04E+08
5.82E+06
4.88E+07
2.05E+08
2.16E+07
6.60E+06
2.36E+06
3.10E+06
3.01E+06
8.86E+05
4.92E+06
1.17E+07
1.62E+08
2.91E+07
3.66E+08
1.77E+07

1.97E+09
2.07E+07
2.17E+09
9.09E+09
5.02E+07
7.38E+07
8.08E+09
2.88E+08
8.25E+07
2.14E+07
2.56E+07
1.15E+07
1.10E+07
1.01E+07
1.81E+07
2.24E+08
3.93E+07
5.12E+08
3.76E+07

3.54728E-26
1.30912E-22
1.47075E-22
1.55286E-22
5.56866E-20
1.22432E-19
3.15631E-19
6.21182E-18
8.71182E-18
1.53482E-17
7.93807E-16
9.33909E-10
1.17327E-09

4.1959E-05
0.000252163
0.000629526
0.001353402
0.001912635
0.006675376

set. Data above threshold >log

Ratio H/L

Intensity L Intensity H Significance B

Uniprot  Gene Unique Mol. Ratio Log Ratio
ID Name Peptides Peptides weight [kDa] H/L H/L
Q96QC0 PPP1R10 9 9 99.057 10.09 3.33414
P49750 YLPM1 46 46 241.64 9.774 3.28899
P36873 PPP1CC 13 2 38.518 8.527 3.09199
Q9U6Y5 GFP 9 9 28.106 7.547 2.91598
Q96SB3  PPP1R9B 15 15 89.191 7.016 2.81061

Q12972 PPP1R8 3 38.478 5.796 2.53513
Q13268 DHRS2 5 27.438 5.073 2.3429
Q6UXN9 WDRS82 4 35.079 4.318 2.11033

P62136 PPP1CA 14
P33947 KDELR2
P62857 RPS28
P08865 RPSA
Q14444 CAPRIN1

37.512 3.615 1.8538
24.422 1.561 0.64284
7.8409 1.321 0.40141
32.854 1.272 0.34653
78.365 1.252 0.32423

LN W OUWw

NN

7.2E+08
4.4E+09
1.5E+09
4.6E+09
2.6E+09

1E+08
5.9E+08
5.3E+08
4.9E+09
3.8E+07
1.4E+08
1.6E+09
2.1E+08

7.23
18.2
39.6

164
28.9
2.67
21.4
15.2

130
1.55
17.8
47.2
2.65

4.68E+07
2.86E+08
6.20E+07
1.29E+08
2.33E+08
9.55E+06
9.02E+07
1.00E+08
5.47E+08
1.32E+07
6.00E+07
6.73E+08
8.39E+07

6.70E+08
4.12E+09
1.46E+09
4.49E+09
2.35E+09
9.31E+07
4.97E+08
4.33E+08
4.35E+09
2.47E+07
8.00E+07
8.79E+08
1.23E+08

5.86E-22
1.67E-21
1.40E-19
6.10E-18
5.37E-17
1.18E-14
3.92E-13
2.06E-11
1.15E-09
1.44E-03
9.08E-03
1.32E-02
1.53E-02

Table A28. U20S®F"PP!y Nucleoplasmic Interactome data set. Data above threshold

>log median Ratio H:L 0.317 shown.
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U20S"PP1gamma Concatenated/ Stable cell line

Light: U20S Heavy: U20SAGFP-PP1y
MaxQuant Version: 1.2.7.4

Median log Ratio H/L =-1.014

Threshold (> 1 log median) = -0.014

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
Q15435 PPP1R7 19 19 41.564 12.4 3.63227 2.50E+09 60.04 2.94E+08 2.20E+09
Q96QCO PPP1R10 9 9 99.057 10.09 3.33414 7.65E+08 7.724 5.04E+07  7.15E+08
Q12972 PPP1R8 16 16 38.478 9.666 3.27293 2.23E+09 57.83 7.25E+07  2.15E+09
P49750 YLPM1 47 47 241.64 9.49 3.24641 4.72E+09 19.53 3.06E+08 4.41E+09
QouU6Y5 GFP 11 11 28.106 8.719 3.1242 1.40E+10 499.3 3.51E+08 1.37E+10
Q96SB3 PPP1R9B 15 15 89.191 7.263 2.86059 2.70E+09 30.28 2.82E+08  2.42E+09
P36873 PPP1CC 18 3 38.518 6.894 2.7854 1.75E+10 453.9 1.36E+09 1.61E+10
Q8I1z21 PHACTR4 4 4 79.128 6.816 2.76882 8.91E+07 1.126 6.60E+06  8.25E+07
Q13625 TP53BP2 2 2 125.61 6.685 2.74099 2.38E+07 0.19 2.36E+06 2.14E+07
P41236 PPP1R2 6 6 23.015 5.969 2.57742 2.03E+08 8.811 1.42E+07 1.89E+08
Q13268 DHRS2 11 11 27.438 5.947 2.57214 4.16E+09 151.5 5.33E+08 3.62E+09
Q9H792 PEAK1 2 2 193.1 4.326 2.113 4.36E+07 0.226 4.51E+06 3.90E+07
Q6UXN9 WDR82 4 4 35.079 4.318 2.11033 5.33E+08 15.18 1.00E+08 4.33E+08
Q8WUF5 PPP1R13L 2 2 89.09 3.287 1.71664 1.45E+07 0.163 3.01E+06  1.15E+07
P14621 ACYP2 2 2 11.139 1.808 0.85431 1.51E+07 1.352 4.92E+06 1.01E+07
P33947 KDELR2 2 2 24.422 1.503 0.58823 1.26E+08 5.172 5.26E+07 7.38E+07
Q5RHS7 S100A2 1 1 15.695 1.393 0.4784 1.52E+07 0.971 6.10E+06 9.14E+06
P62136 PPP1CA 18 3 37.512 1.372 0.45607 2.73E+08 7.268 1.10E+08 1.62E+08
P62857 RPS28 2 2 7.8409 1.319 0.39955 5.02E+08 64.02 2.99E+08 2.03E+08
Q14444 CAPRIN1 5 5 78.365 1.252 0.32423 2.07E+08 2.646 8.39E+07 1.23E+08
P06703 S100A6 2 2 10.18 1.249 0.32124 6.24E+07 6.13 2.66E+07  3.58E+07
A7MAPO CORO1C 3 3 54.066 1.223 0.29054 5.31E+08 9.821 2.41E+08 2.90E+08
Q15717 ELAVL1 7 7 36.091 1.165 0.21971 1.44E+09 39.8 7.01E+08 7.35E+08
D6REES GNB2L1 1 1 3495 1.162 0.21624 3.14E+08 8.993 1.32E+08 1.82E+08
P61158 ACTR3 1 1 47.371 1.152 0.20364 5.37E+07 1.133 2.47E+07  2.90E+07
P61011 SRP54 2 2 55.704 1.109 0.149 9.32E+07 1.674 4.36E+07 4.97E+07
P31350 RRM2 2 2 44.877 1.064 0.08923 3.57E+07 0.797 1.71E+07 1.87E+07
015145 ARPC3 2 2 20.546 1.044 0.06267 6.74E+07 3.281 3.17E+07 3.57E+07
P11166 SLC2A1 2 2 54.083 1.038 0.05408 8.14E+07 1.505 3.78E+07 4.36E+07
Q56VL3 OCIAD2 5 5 16.953 1.036 0.05116 9.64E+08 56.88 4.88E+08 4.76E+08
P21359 NF1 2 2 319.37 1.015 0.02134 6.70E+06 0.021 3.23E+06  3.47E+06
P08865 RPSA 6 6 32.854 1.012 0.01778 2.65E+09 80.66 1.44E+09 1.21E+09
P49674 CSNK1E 3 3 47.315 1.009 0.01221 1.87E+08 3.96 8.92E+07 9.82E+07
Q14152 EIF3A 3 3 166.57 1.003 0.00432 1.22E+08 0.734 6.51E+07 5.72E+07
B4DW28 RPS20 3 3 16.005 1 -0.00055 1.16E+09 72.71 6.40E+08 5.24E+08
Q99961 SH3GL1 2 2 41.489 0.994 -0.00806 8.01E+07 1.93 3.49E+07 4.51E+07

Table A29. U20S®PPP'y Concatenated Interactome data set. Data above threshold >log

median Ratio H:L -0.014 shown.
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GFP-MYPT1 Concatenated/ U20S cell transiently transfected
Light: GFP  Heavy: GFP-Mypt1l

MaxQuant Version: 1.2.7.4

Median log Ratio H/L = -0.202

Threshold (> 1 log median) = 0.798

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
014974 PPP1R12A 39 39 115.28 17.07 4.09 9.35E+09 81.11 1.38E+08  9.21E+09
P62140 PPP1CB 15 5 37.186 10.716 3.42 3.75E+09 100.83 1.95E+08  3.55E+09
Q69YQ0 SPECCIL 3 3 124.6 5.0524 2.34 4.86E+07 0.39 1.20E+07  3.66E+07
P55201 BRPF1 1 1 138.18 4.7806 2.26 7.02E+06 0.05 6.75E+05  6.34E+06
P11021  HSPAS 16 15 72.332  2.1423 1.10 3.21E+08 4.43 1.06E+08  2.15E+08

Table A30. U20S transiently transfected with GFP/GFP-Mypt1 Concatenated
Interactome data set. Data above threshold >log median Ratio H:L 0.798 shown.
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Endogenous-MYPT1 Concatenated/ U20S cells
Light: Rabbit IgG IP Heavy: Myptl IP

Exp#l

MaxQuant Version: 1.2.7.4
Median log Ratio H/L = 2.542
Threshold (> 1 log median) = 3.542

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
P08590 MYL3 1 1 21.932 34.23 5.09732 1.62E+08 7.387 5.48E+06  1.57E+08
Q9BPX5 ARPC5L 3 3 16.941 33.03 5.04566 5.34E+07 3.155 1.52E+06 5.19E+07
C9JWM7 ARPC4 5 5 21.588 32.87 5.03852 1.34E+08 6.195 4.07E+06  1.30E+08
Q9BTE1 DCTN5 7 7 20.126 32.56 5.02481 7.47E+08 37.1 8.09E+06 7.39E+08
E9PR17 CD59 3 3 14.529 31.88 4.99458 1.62E+08 11.16 4.57E+06 1.58E+08
P27449  ATP6VOC 1 1 15.736 28.88 4.8522 1.44E+08 9.138 4.76E+06  1.39E+08
P61163 ACTR1A 27 17 42.613 28.29 4.82217 8.64E+09 202.7 9.45E+07 8.54E+09
Q13561 DCTN2 27 27 44.23 27.89 4.80147 6.41E+09 1449 1.99E+08  6.21E+09
000161 SNAP23 10 10 23.354 27.49 4.78068 4.07E+08 17.45 1.21E+07  3.95E+08
P04908  HIST1H2AB 7 2 14.135 27.46 4.77921 4.72E+08 33.4 1.73E+07 4.55E+08
P67936 TPMA4 14 6 28.521 25.82 4.69036 8.81E+07 3.087 2.80E+06  8.53E+07
G3V1S3 DENNDS5B 1 1 149.34 25.77 4.68773 3.90E+07 0.261 1.47E+06  3.75E+07
P06753 TPM3 22 2 29.032 25.42 4.66812 1.48E+09 51.11 7.66E+07 1.41E+09
E7EP37  MICA 3 3 43.026 24.73 4.62802 2.58E+07 0.599 3.86E+05  2.54E+07
Q14203 DCTN1 80 80 141.69 22.12 4.46695 8.81E+09 62.17 9.03E+07 8.72E+09
D9Yzv3d TPM1 23 0 32.736 21.67 4.43769 9.35E+08 28.57 3.99E+07  8.95E+08
HOYDI9  THY1 4 4 18.585 21.31 4.41359 8.83E+08 47.5 3.22E+07  8.51E+08
P06899  HIST1H2BIJ 8 2 13.904 21.28 4.41136 7.03E+08 50.59 2.54E+07 6.78E+08
G8ILA2  MYL6 12 10 17.089 21.23 4.40803 1.40E+09 81.72 5.29E+07 1.34E+09
014950 MYL12B 13 7 19.779 21.18 4.40449 1.84E+09 92.81 7.27E+07 1.76E+09
Q8ND76 CCNY 4 3 39.336 21.07 4.39732 1.42E+07 0.362 7.09E+05 1.35E+07
Q9NYLS TMOD3 13 13 39.594 21.05 4.39575 4.77E+08 12.05 1.87E+07  4.58E+08
P16070 CD44 5 5 81.537 20.82 4.37969 7.84E+08 9.618 2.72E+07  7.57E+08
HOYK48 TPM1 19 2 28.579 20.77 4.37664 8.45E+07 2.956 3.10E+06 8.14E+07
P62805  HIST1H4A 14 14 11.367 20.28 4.34199 8.76E+09 770.9 3.83E+08  8.38E+09
P63261 ACTG1 29 2 41.792 20.13 4.3312 1.81E+10 432.2 7.00E+08 1.74E+10
P58107 EPPK1 8 1 555.61 20.08 4.32776 9.71E+07 0.175 4.61E+06 9.25E+07
P07951 TPM2 16 5 32.989 19.76 4.30415 4.19e+07 1.27 1.76E+06  4.01E+07
P62140 PPP1CB 14 7 37.186 19.13 4.25799 8.19E+08 22.03 1.71E+07 8.02E+08
A7MAPO CORO1C 10 10 54.066 19.11 4.25603 6.24E+08 11.55 2.50E+07  5.99E+08
HOY7A7 CALM2 7 7 20.762 19.03  4.2499 2.39E+08 11.52 1.00E+07  2.29E+08
Q9NZz32 ACTR10 16 16 46.306 19.02 4.24975 8.06E+08 17.41 6.41E+07 7.42E+08
POCOS5  H2AFZ 5 3 13.553 18.78 4.23128 7.76E+08 57.23 3.41E+07  7.42E+08
P04156  PRNP 3 3 27.661 18.77 4.23036 9.09E+07 3.285 2.91E+06  8.80E+07
Q15149 PLEC 319 4 531.78 18.72 4.22628 4.41E+10 82.93 2.20E+09 4.19E+10
Q9UNN8 PROCR 2 2 26.671 18.7 4.22489 2.81E+07 1.054 1.10E+06  2.70E+07
P16104 H2AFX 5 0 15.144 18.57 4.21506 4.29E+07 2.831 2.14E+06 4.07E+07
P05783 KRT18 25 24 48.057 18.56 4.21389 5.34E+09 111 2.75E+08 5.06E+09
Q5TEC6  HIST2H3PS2 3 1 15.43 18.54 4.21265 1.95E+08 12.62 6.52E+06  1.88E+08
Q9UJWO DCTN4 29 29 52.337 1845 4.20578 2.39E+09 45.71 4.28E+07 2.35E+09
POCOS8  HIST1H2AG 8 3 14.091 18.27 4.19172 5.41E+09 383.6 2.55E+08  5.15E+09
Q0ZGT2 NEXN 13 1 79.361 18.03 4.17265 1.78E+08 2.243 8.88E+06  1.69E+08
P08670 VIM 62 58 53.651 17.86 4.15866 4.49E+10 836 2.31E+09 4.25E+10
Q16643 DBN1 14 14 71.428 17.84 4.15737 1.36E+09 19.09 4.07E+07 1.32E+09
014974 PPP1R12A 46 46 115.28 17.82 4.15502 8.50E+09 73.77 1.28E+08  8.38E+09
000159 MYO1C 57 1 117.91 17.51 4.13044 6.98E+09 59.22 3.91E+08 6.59E+09
P52907 CAPZAl 15 13 32.922 17.48 4.12739 6.87E+08 20.86 1.92E+07  6.68E+08
Q8N3V7 SYNPO 16 16 96.395 17.06 4.09238 2.25E+08 2.329 1.28E+07 2.12E+08
P35579  MYH9 127 109 226.53 16.77 4.06807 1.28E+10 56.59 6.12E+08 1.22E+10
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Continuation ...

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
P48681 NES 41 41 177.44 16.77 4.06738 6.30E+08 3.55 3.97E+07 5.90E+08
B72125 NTM 6 6 39.209 16.5 4.04422 3.47E+08 8.84 1.48E+07 3.32E+08
Q96120 PAWR 1 1 36.567 16.5 4.04422 9.01E+06 0.246 2.93E+05 8.72E+06
F5H4U5  GNAI2 13 7 41.13 16.39 4.03448 4.03E+08 9.797 1.92E+07 3.84E+08
095816 BAG2 3 3 23.772 16.38 4.03351 3.11E+07 1.307 2.07E+06 2.90E+07
P15328 FOLR1 3 3 29.819 16.35 4.03078 1.44E+07 0.484 8.75E+05 1.36E+07
F5GXF7  ZNF185 9 9 76.856 16.23 4.02086 1.05E+08 1.368 6.98E+06 9.82E+07
Q03135 CAv1 4 1 17.023 16.05 4.00468 8.46E+07 4.97 4.99E+06 7.96E+07
E9PK25  CFL1 2 2 22.728 15.85 3.9865 6.65E+07 2.925 4.17E+06 6.23E+07
Q69YQ0 SPECCIL 37 37 124.6 15.7 3.97242 9.06E+08 7.274 3.86E+07 8.68E+08
Q01082 SPTBN1 67 67 274.61 15.15 3.92125 7.76E+08 2.827 4.45E+07 7.32E+08
Q8N5C8 TAB3 1 1 78.682 15.06 3.91294 8.09E+07 1.028 4.91E+06 7.60E+07
P50479  PDLIM4 3 3 35.398 14.73 3.8802 2.04E+07 0.577 1.55E+06 1.89E+07
B4DR52  HIST2H2BF 9 3 18.041 14.66 3.87332 7.49E+09 415.4 3.64E+08 7.13E+09
075326 SEMA7A 9 9 74.823 14.56 3.86404 1.13E+08 1.511 5.42E+06 1.08E+08
P61225 RAP2B 6 5 20.504 14.31 3.83885 4.18E+07 2.038 3.05E+06 3.87E+07
P35580 MYH10 93 72 229 14.28 3.83603 2.04E+09 8.901 1.17E+08 1.92E+09
E7EMK3  FLOT2 13 13 53.137 14.18 3.82558 2.28E+08 4.299 1.29E+07 2.16E+08
P09382  LGALS1 6 6 14.716 14.15 3.82222 6.43E+07 4.37 3.75E+06 6.06E+07
E9PGC8 MAP1A 23 22 331.25 14.09 3.8167 2.65E+08 0.799 5.11E+06 2.60E+08
043707 ACTN4 37 25 104.85 13.98 3.80498 1.25E+09 11.94 7.48E+07 1.18E+09
P42025  ACTR1B 20 10 42.293 13.88 3.79535 2.16E+09 50.96 3.23E+08 1.83E+09
F8VXB4  KRT8 40 33 56.608 13.82 3.78889 1.15E+10 203.2 6.18E+08 1.09E+10
Q13242 SRSF9 3 2 25.542 13.55 3.76065 5.86E+06 0.229 3.81E+05 5.48E+06
Q562R1 ACTBL2 5 1 42.003 13.54 3.75916 3.47E+07 0.825 1.99E+06 3.27E+07
P08754  GNAI3 13 7 40.532 13.54 3.75862 9.83E+07 2.425 4.30E+06 9.40E+07
Q13813 SPTAN1 95 95 284.54 13.4 3.74427 1.42E+09 4.978 1.18E+08 1.30E+09
Q03135 CAV1 6 3 20.471 13.4 3.74395 2.51E+08 12.24 1.68E+07 2.34E+08
P11142 HSPA8 24 20 70.897 13.37 3.74082 6.31E+08 8.897 4.46E+07 5.86E+08
P02786  TFRC 4 4 84.87 13.18 3.72039 8.54E+06 0.101 8.08E+05 7.74E+06
E7EW20 MYO6 31 31 148.83 12.9 3.6893 3.78E+08 2.538 3.31E+07 3.45E+08
Q9HOB6 KLC2 26 18 68.934 129 3.68919 2.53E+08 3.671 1.17E+07 2.41E+08
F5GWP8 JUP 22 0 66.35 12.76 3.67356 1.81E+09 27.33 1.88E+08 1.63E+09
075367 H2AFY 9 7 39.617 12.56 3.65042 8.58E+07 2.166 4.75E+06 8.11E+07
P22626 HNRNPA2B1 4 4 37.429 12,55 3.6495 2.58E+07 0.689 2.20E+06 2.36E+07
G5E9E7 TIP1 29 1 189.67 12.48 3.64097 2.83E+08 1.492 2.64E+07 2.57E+08
Q9Y277 VDAC3 6 6 30.658 12.33 3.62433 7.79E+07 2.54 5.13E+06 7.27E+07
094832 MYO1D 33 33 116.2 12.29 3.61894 3.98E+08 3.421 2.87E+07 3.69E+08
P61160 ACTR2 8 8 4476 12.14 3.60193 6.15E+07 1.375 3.79E+06 5.78E+07
Q14126 DSG2 14 14 122.29 11.94 3.57785 2.20E+08 1.801 2.06E+07 2.00E+08
075935 DCTN3 14 14 21.119 11.88 3.57058 4.76E+09 225.2 5.17E+07 4.70E+09
P33176  KIF5B 29 29 109.68 11.84 3.56584 1.69E+08 1.538 2.19E+07 1.47E+08
Q8IVF2  AHNAK2 9 9 616.62 11.8 3.56035 2.44E+07 0.04 2.39E+06 2.20E+07
E7EQ40 CAPZB 19 19 37.455 11.76 3.55545 1.30E+09 34.67 4.18E+07 1.26E+09
P11021  HSPAS5 25 24 72.332 11.72 3.55078 5.00E+08 6.906 3.87E+07 4.61E+08
P11182 DBT 3 3 53.486 11.72 3.55065 9.44E+06 0.177 4.03E+05 9.04E+06
Q13595 TRA2A 3 3 32.688 11.68 3.54535 1.15E+07 0.351 9.81E+05 1.05E+07
Q1HE25 ACTN1 36 24 105.57 11.66 3.54325 1.00E+09 9.508 5.75E+07 9.46E+08
Table A31. Endogenous Mypt1 Concatenated Interactome data set. Data above

threshold >log median Ratio H:L 3.542 shown.
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U20S7SpecclL-GFP Concatenated/ Stable cell line

Light: U20SA"GFP Heavy: U20S"SpecclL-GFP
MaxQuant Version: 1.2.7.4
Median log Ratio H/L = 0.135

Threshold (> 1 log median) = 1.135

Exp#2

Uniprot Gene Unique Mol. Ratio Log Ratio

1D Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
P08590 MYL3 1 1 21.932 30.99 4.95364 4.05E+09 184.78 1.19E+08  3.93E+09
G8JLL9 MYH14 6 1 232.04 25.08 4.64824 1.60E+09 6.9001 5.80E+07  1.54E+09
B72624 MYL6 8 6 26.707 24.41 4.60928 2.49E+10 931.7 9.59E+08 2.39E+10
014950 MYL12B 13 1 19.779 2296  4.5213 1.60E+10 810 4.82E+08 1.55E+10
Q69YQ0 SPECCI1L 67 67 124.6 20.26 4.34035 5.88E+10 471.95 1.16E+09 5.76E+10
P35579 MYH9 138 120 226.53 19.2 4.26318 2.78E+11 12289 1.10E+10 2.67E+11
E9PR17 CD59 3 3 14.529 15.51 3.95541 1.86E+09 127.85 1.22E+08 1.74E+09
P07951 TPM2 19 8 32.989 13.23 3.72552 4.81E+09 145.83 1.90E+08 4.62E+09
P19105 MYL12A 13 1 19.794 12.52 3.64605 1.60E+08 8.0585 7.57E+06 1.52E+08
HOYDI9 THY1 4 4 18.585 12.07 3.59323 2.42E+09 130.47 1.86E+08  2.24E+09
F5H1B6 PPP1R12A 12 12 115.26 11.45 3.51665 1.50E+09 12.986 1.28E+08 1.37E+09
P16070 CD44 1 1 81.537 11.28 3.49557 3.02E+08 3.7089 3.08E+07  2.72E+08
QINYL9 TMOD3 12 12 39.594 10.58 3.40272 2.51E+09 63.51 1.60E+08 2.35E+09
000159 MYO1C 53 52 121.68 10.56 3.4004 2.66E+10 218.66 2.03E+09 2.46E+10
D9YZV3 TPM1 16 2 32.736 8.937 3.15976 1.49E+09 45.629 1.71E+08 1.32E+09
F8W6L6 MYH10 69 51 230.77 8.903 3.15424 1.23E+10 53.196 1.01E+09 1.13E+10
094832 MYO1D 16 16 116.2 8.831 3.14258 1.76E+09 15.168 2.24E+08 1.54E+09
043795 MYO1B 25 23 13198 6.99 2.80527 2.74E+09 20.795 2.79E+08 2.47E+09
Q9UPQO LIMCH1 6 6 121.87 5.702 2.51139 4.74E+08 3.8932 1.17E+08 3.58E+08
Q6wCQl  MPRIP 13 8 118.1 5.508 2.46163 1.06E+09 9.0093 1.56E+08 9.08E+08
E7EW20 MYO6 10 10 148.83 5.474  2.4527 1.06E+09 7.1189 1.94E+08 8.65E+08
Q71DI3 HIST2H3A 4 2 15.388 5.166 2.36916 8.50E+09 552.26 3.11E+09 5.39E+09
Q15149 266 1 516.19 4.94 230439 2.03E+11 392.84 3.54E+10 1.67E+11
P08670 VIM 47 a4 53.651 4.602 2.20236 1.45E+11 2695.6 2.50E+10 1.20E+11
P14923 JUP 2 2 81.744 3.89 195962 1.51E+08 1.8455 5.23E+07 9.86E+07
P05783 KRT18 19 17 48.057 3.869 1.952 5.58E+09 116.16 1.23E+09  4.36E+09
B7Z596 TPM1 12 2 31.753 3.806 1.92839 4.80E+08 15.131 9.00E+07  3.90E+08
043707 ACTN4 23 11 104.85 3.702 1.88815 1.62E+09 15.472 8.27E+08  7.95E+08
G3V1L9 TIP1 8 8 197.46 3.64 1.86386 3.88E+08 1.9627 8.84E+07 2.99E+08
F8VXB4 KRT8 20 14 56.608 3.54 1.82375 4.83E+09 85.292 1.04E+09  3.79E+09
Q13045 FLIl 2 2 14475 3.407 1.76854 5.64E+07 0.3898 1.15E+07  4.50E+07
P51911 CNN1 10 10 33.17 3.398 1.76469 1.90E+09 57.275 4.44E+08 1.46E+09
Q01082 SPTBN1 47 47 274.61 3.347 1.74287 6.81E+09 24.805 1.64E+09 5.17E+09
P62879 GNB2 4 2 37.331 3.314 1.72836 8.73E+08 23.38 1.94E+08 6.79E+08
E9PEB9 DST 2 2 880.55 3.209 1.68208 3.69E+07 0.0419 1.01E+07 2.68E+07
P67936 TPM4 13 5 28.521 3.181 1.66925 1.53E+09 53.55 3.79E+08  1.15E+09
A6NG51 SPTAN1 75 75 284.94 3.107 1.63552 1.20E+10 42.198 2.98E+09 9.05E+09
Q1HE25 ACTN1 34 22 105.57 3.072 1.61904 6.55E+09 62.085 1.57E+09  4.99E+09
Q15149 265 1 518.03 3.058 1.61259 3.68E+08 0.7097 7.49E+07  2.93E+08
P62873 GNB1 4 2 37377 3.05 1.60881 3.44E+08 9.1992 8.53E+07 2.59E+08
015511 ARPC5 2 1 16.631 2.979 1.57473 1.58E+08 9.522 4.26E+07 1.16E+08
P23284 PPIB 2 2 23.742 2969 1.57003 1.38E+08 5.8272 5.00E+07  8.83E+07
F5H4US5 GNAI2 8 5 41.13 2.847 1.50934 1.42E+09 34.537 3.56E+08 1.06E+09
QINS25 SPANXB1 2 2 11.826 2.799 1.48471 2.60E+07 2.1955 6.70E+06  1.93E+07
P37802 TAGLN2 10 10 22.391  2.78 1.47493 4.33E+09 193.19 1.17E+09  3.16E+09
HOY7A7 CALM2 2 2 20.762 2.755 1.46216 3.65E+08 17.561 6.60E+07  2.99E+08
Q96SB3 PPP1R9B 2 2 89.191 2.669 1.41652 2.00E+08 2.2388 6.02E+07 1.39E+08
Q92621 NUP205 4 4 227.92 2.646 1.40387 1.54E+08 0.6758 8.01E+07  7.39E+07
095425 SVIL 2 2 200.84 2.624 1.39188 1.10E+08 0.5456 2.84E+07 8.12E+07
Q9BUJ2 HNRNPUL1 4 4 95.737 2.581 1.36787 3.45E+08 3.5989 9.54E+07  2.49E+08
075381 PEX14 3 3 41.236 2.557 1.3544 2.57E+08 6.2319 6.42E+07 1.93E+08
P09651 HNRNPA1 4 4 38.746 2.531 1.33965 1.18E+09 30.488 3.24E+08 8.57E+08
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Continuation ...

Uniprot Gene Unique Mol. Ratio Log Ratio

ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H
CIIWM7 ARPC4 4 1 21.588 2.504 1.32406 8.40E+08 38.898 2.54E+08 5.86E+08
Q8IVF2 AHNAK?2 2 2 616.62 2.503 1.32337 1.00E+08 0.1626 2.49E+07  7.54E+07
Q9H583 HEATR1 4 4 24237 2.484 1.31284 8.75E+07 0.3612 2.44E+07 6.31E+07
P31942 HNRNPH3 3 3 36.926 2.445 1.28995 3.16E+08 8.5441 1.00E+08 2.16E+08
P17096 HMGA1 2 2 10.679 2.371 1.24531 1.54E+08 14.39 3.87E+07 1.15E+08
P06753 TPM3 23 12 29.032 2.364 1.24092 1.83E+10 630.65 5.22E+09 1.31E+10
P61158 ACTR3 5 5 47.371 2.361 1.23934 5.68E+08 11.994 1.77E+08 3.91E+08
015145 ARPC3 3 3 20.546 2.336 1.22416 3.71E+08 18.064 1.12E+08 2.59E+08
P22626 HNRNPA2B1 11 11 37.429 2.286 1.19283 1.61E+09 43.017 5.02E+08 1.11E+09
B27783 FLNB 95 87 281.63 2.271 1.1832 2.17E+10 76.881 6.73E+09  1.49E+10
P38646 HSPA9 12 12 73.68 2.264 1.17894 8.52E+08 11.562 4.38E+08 4.14E+08
Q14315 FLNC 56 49 291.02 2.246 1.16729 7.27E+09 24.984 2.31E+09  4.96E+09
P62140 PPP1CB 9 37.186 2.225 1.15355 1.14E+09 30.74 3.55E+08 7.88E+08
P07195 LDHB 2 2 36.638 2.217 1.14841 1.73E+07 0.4729 5.23E+06 1.21E+07
E7EQ40 CAPZB 12 12 37.455 2.205 1.14071 3.49E+09 93.096 1.07E+09  2.41E+09

Table A32. U20SSPeC'-CFP Concatenated Interactome data set.

>log median Ratio H:L 1.135 shown.

Data above threshold
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MycBirA-SpecclL/1-890 / U20S cell transiently transfected
Light: GFP-SpecclL/1-890 Heavy: MycBirA-Speccll/1-890

MaxQuant Version: 1.2.7.4
Median log Ratio H/L =0.778
Threshold (> 1 log median) =1.778

Uniprot Gene Unique Mol. Ratio Log Ratio
ID Name Peptides Peptides weight [kDa] H/L H/L Intensity NINT Intensity L Intensity H  In Gringras BG

Q69YQ0 SPECCIL 63 63 124.6 24.37 4.60715 2.94E+10 236 4.12E+08 2.90E+10 NO
Q9BR76 CORO1B 3 3 54.234 18.56 4.21405 4.36E+07 0.805 2.97E+06 4.07E+07 some tagged
P21333 FLNA 109 17 280.74 15.97 3.99693 1.56E+10 55.57 8.76E+08 1.47E+10 lots tagged
Q8WUH6  Cl2orf23 2 2 11.748 13 3.70011 2.60E+07 2.215 1.41E+06 2.46E+07 a few BirA
P31431 SDC4 4 4 21.641 11.04 3.4648 1.66E+08 7.692 1.15E+07 1.55E+08 NO
P18827 SDC1 3 3 32.461 10.51 3.39383 3.49E+07 1.075 2.11E+06 3.28E+07 NO
000468 AGRN 35 35 214.84 10.01 3.32265 8.32E+08 3.874 6.90E+07 7.63E+08 NO
P35052 GPC1 12 12 61.68 9.858 3.30125 3.42E+08 5.541 4.70E+07 2.95E+08 NO
Q14978 NOLC1 16 16 73.744 9.81 3.2943 1.46E+09 19.74 1.29E+08 1.33E+09 lots
P34741 sbC2 7 7 22.16 8.947 3.16139 1.59E+08 7.189 9.20E+06 1.50E+08 NO
G5E9Q2 CSDE1 2 2 93.741 8.935 3.15944 5.50E+07 0.587 4.89E+06 5.02E+07 a few tagged
E7EVAO MAP4 11 11 245.44 8.338 3.05968 6.02E+08 2.454 3.81E+08 2.21E+08 2-3 peps BirA alone
A8BMZ22 NAP1L4 5 4 44,162 7.808 2.96503 3.20E+07 0.724 3.30E+06 2.87E+07 afew tagged
P38432 ColL 6 6 62.608 7.081 2.82403 8.62E+07 1.377 1.03E+07 7.59E+07 some tagged
E7EX17 EIF4B 3 3 69.697 6.465 2.69272 1.75E+07 0.251 1.38E+06 1.61E+07 some tagged
P98160 HSPG2 12 12 468.83 5.951 2.57306 8.28E+07 0.177 9.92E+06 7.29E+07 NO
Q09666 AHNAK 82 82 629.09 5.795 2.53481 1.87E+09 2.971 2.18E+08 1.65E+09 a few tagged
P37802 TAGLN2 5 5 22.391 5.733 2.51919 8.17E+07 3.651 1.16E+07 7.02E+07 several
A7MAPO CORO1C 4 4 54.066 5.674 2.50444 3.09E+07 0.571 2.73E+06 2.82E+07 several tagged
A8MV58 DBN1 2 2 76.299 5.179 2.37273 1.64E+07 0.216 1.98E+06 1.45E+07 lots tagged
Q86Vv48 LUzP1 7 7 120.27 5.056 2.33808 3.26E+07 0.271 4.77E+06 2.78E+07 NO
Q8NC51 SERBP1 2 2 44965 4.981 2.31635 5.68E+06 0.126 8.02E+05 4.88E+06 lots
Q14008 CKAP5 3 3 226.25 4.882 2.28747 1.69E+07 0.075 1.95E+06 1.49E+07 NO
Q14847 LASP1 2 2 36.014 4.678 2.22602 3.76E+06 0.104 6.03E+05 3.16E+06 NO
Q9POK7 RAI14 5 5 110.42 4.53 2.17954 1.95E+07 0.177 2.50E+06 1.70E+07 afew NLS
Q13283 G3BP1 2 2 52.164 4.102 2.03629 1.09E+07 0.208 2.14E+06 8.71E+06 NO
P09382 LGALS1 6 6 14716 3.972 1.98968 2.84E+08 19.31 5.17E+07 2.32E+08 NO
E7EUU4 EIF4G1 11 11 171.64 3.937 1.97699 8.02E+07 0.467 2.11E+07 5.91E+07 several tagged
P50990 CCT8 10 10 59.62 3.754 1.90847 9.67E+07 1.622 2.07E+07 7.60E+07 lots
P55209 NAP1L1 3 2 45.374 3.641 1.86437 2.38E+07 0.526 4.47E+06 1.94E+07 several
075526 RBMXL2 2 2 42.814 3.633 1.86096 8.85E+06 0.207 2.28E+06 6.57E+06 NO
E9PRY8 EEF1D 2 2 76.569 3.534 1.82147 3.65E+07 0.476 7.70E+06 2.88E+07 afew
P19338 NCL 2 2 76.613 3.469 1.7946 1.37E+07 0.179 3.22E+06 1.05E+07 lots

Table A33. U20S transiently transfected with GFP-Specc1L1-890/ MycBirA-Specc1L1-

890 Concatenated Interactome data set.

1.778 shown.

Data above threshold >log median Ratio H:L
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APPENDIX 1l

GFP-hPP1a mPP1p-GFP hPP1y-GFP

w7

GFP Hoechst GFP Hoechst GFP Hoechst

Figure A.1. PP1a is the most highly expressed isoform in the BAC cell lines. Live
images acquired of the GFP-tagged PP1 isoforms expressed in their respective BAC cell
lines, which were stained with the permeable DNA dye Hoechst. The same acquisition
parameters were utilized (40x/1.35NA objective, bin 1x1, 1 sec exposure Ex490/20 and
Em 525/36 for GFP and 0.2 sec exposure Ex402/15 and Em455/50 for Hoechst) and the
images were deconvolved and displayed using the same intensity scales.
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Figure A.2. In vivo association of the MYPT family members Mypt1 and Leng3. A.
Western blot analysis demonstrating the co-purification of endogenous Mypt1 (anti-
Mypt1, Bethyl Lab.) with GFP-tagged LENG3 (anti-GFP) confirmed the in vivo association
highlighted in the Mypt1 interactome datasets. B. HelLa cells transiently expressing

LENG3-GFP (green) were PFA-fixed and stained with DAPI (blue).
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Figure A.3. SpecciL co-precipitates PP1. Western blot analysis demonstrating co-
purification of endogenous Mypt1 (anti-Mypt1; Bethyl Labs) with Specc1L-GFP (anti-GFP;
Roche) from nuclear and cytoplasmic extracts prepared from the U20SSpecc1L-GFP
stable cell line. In addition, a PP1 band was detected in the pulldown from the nuclear
extract.
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Figure A.4. Mypt1 is recruited to the microtubule (MT) bundles. Endogenous Mypt1
(red) is recruited to the MT bundles induced by transient overexpression of Specc1L-GFP
(green) in U20S cells that were PFA-fixed and stained with DAPI (blue). The region of
colocalization (ROC) between Mypt1 and SpecciL is shown in the bottom right panel.
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Figure A.5. Distribution of PP1c between all identified regulatory subunits in the direct isoform inter-
acome comparison screens. The pie charts shows the relative distribution of all known/predicted regula-
tory subunits identified in the concatenated analysis of the CP and NUC datasets for GFP-PP1a vs.
PP1B-GFP vs. GFP-PP1y pulled down from stably expressing HeLa/BAC (A) and MCF7/cDNA (B) cell
lines. Values are the % of the total pool of regulatory subunits (based on normalized intensity values) that
each represents. For the lists to the right, these values were less that 1%.
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