Chapter 104

Modulation of V-ATPase by BA3/A1-Crystallin
in Retinal Pigment Epithelial Cells

Mallika Valapala, Yuri Sergeev, Eric Wawrousek, Stacey Hose, J Samuel
Zigler and Debasish Sinha

Abstract We have previously demonstrated that A3/A1-crystallin, a member of
the P/y-crystallin superfamily, is expressed in the astrocytes and retinal pigment
epithelial (RPE) cells of the eye. In order to understand the physiological func-
tions of BA3/Al-crystallin in RPE cells, we generated conditional knockout (cKO)
mice where Crybal, the gene encoding BA3/Al-crystallin, is deleted specifically
from the RPE using the Cre-loxP system. By utilizing the cKO model, we have
shown that this protein is required by RPE cells for proper lysosomal degradation
of photoreceptor outer segments (OS) that have been internalized in phagosomes
and also for the proper functioning of the autophagy process. We also reported that
BA3/Al-crystallin is trafficked to lysosomes, where it regulates endolysosomal
acidification by modulating the activity of the lysosomal V-ATPase complex. Our
results show that the V-ATPase activity in cKO RPE is significantly lower than
WT RPE. Since, V-ATPase is important for regulating lysosomal pH, we noticed
that endolysosomal pH was higher in the cKO cells compared to the WT cells.
Increased lysosomal pH in cKO RPE is also associated with reduced Cathepsin D
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activity. Cathepsin D is a major lysosomal aspartic protease involved in the degra-
dation of the OS and hence we believe that reduced proteolytic activity contributes
to impaired degradation of OS in the cKO RPE. Reduced lysosomal activity in the
cKO RPE also contributes to the incomplete degradation of the autophagosomes.
Our results also suggest that BA3/Al-crystallin regulates V-ATPase activity by
binding to the V subunit of the V-ATPase complex. Taken together, these results
suggest a novel mechanism by which BA3/Al-crystallin regulates lysosomal func-
tion by modulating the activity of V-ATPase.
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104.1 Introduction

The Retinal Pigmented Epithelium (RPE) is a single layer of pigmented and po-
larized cells, with the apical surface facing the photoreceptors and the basal side
facing Bruch’s membrane. It serves many physiological roles that are crucial for
maintaining homeostasis of the retina (Strauss 2005). The RPE cells are among the
most active phagocytic cell types in the body, phagocytosing 10 % of total photore-
ceptor volume daily (Kevany and Palczewski 2010). With advancing age, senescent
RPE cells accumulate metabolic debris from remnants of incomplete degradation of
ingested photoreceptors. This leads to accumulation of lipofuscin, an undegradable
byproduct of OS metabolism (Sparrow et al. 2010). Knowledge of the mechanisms
that lead to the clearance of cellular material by RPE cells can help us develop
strategies that lead to the restoration of the clearance functions in the RPE cells.
Autophagy, a process by which cellular constituents are degraded and recycled as
part of normal cellular remodeling, is likely to be of particular importance in post-
mitotic cells with high metabolic demand, such as the RPE. This process begins
with the formation of autophagosomes containing engulfed cytoplasmic organelles
and protein complexes. The autophagosomes later fuse with the lysosomes to form
autophagolysosomes and their contents are degraded by the acid hydrolases present
in the lysosomes (Glick et al. 2010; Tong et al. 2010). A disruption of autophagy in
postmitototic cells like the RPE, would result in the accumulation of undigested or
partially digested cellular aggregates, leading to degenerative cell death of the RPE
(Kaarniranta et al. 2013). Therefore, proper functioning of the RPE requires that
both phagocytosis and autophagy processes be in balance.
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104.2 Importance of Lysosomes in Clearance
Functions in the RPE

Lysosomes, which are acidic subcellular organelles, are involved in the terminal
events of both autophagy and phagocytosis (Luzio et al. 2007). Although autopha-
gy and phagocytosis are regarded as two separate biological processes, they share
many morphological and topological similarities. The termination events in the
processing of the phagosome and autophagosome are essentially similar (Deretic
2008). Once formed, both phagosomes and autophagosomes fuse with lysosomes to
from mature, acidified degradative organelles, called phagolysosomes and autopha-
golysosomes, respectively (Deretic 2008). Since lysosomes are a common element
in both the processes, impaired lysosomal function is expected to result in dys-
regulated clearance of both phagosomes and autophagosomes. In a phagocytically
active cell like the RPE, the degradative capacity of the lysosomes is indispensable
for the proper clearance of ingested outer segments and cellular debri (Kaarniranta
et al. 2010). Previous studies have suggested that mutations affecting the activity
of lysosomal proteases lead to accumulation of lipofuscin-like material in the RPE.
These reports suggest the importance of proper functioning of lysosomal enzymes
in the maintenance of physiological functions in the RPE (Siakotos et al. 1978 and
Elner 2002). Most lysosomal enzymes in the RPE are known to function in a narrow
pH range in the acidic environment of the lysosomal lumen (Liu et al. 2008). The
lysosomal endopeptidases, Cathepsin B, D and E are known to be highly important
in protein degradation and turnover in a majority of cell types (Luzio et al. 2007).
In the RPE cells, cathepsin D is the major protease involved in the lysosomal deg-
radation of the outer segments. The activity of cathepsin D is tightly regulated by
lysosomal pH, a rise in pH to 5.0 is known to reduce the activity of Cathepsin D by
80% (Hayasaka et al. 1975) Studies have suggested that chronic use of drugs like
chloroquine that alter lysosomal pH induce pathological changes in the RPE. Ani-
mals chronically exposed to chloroquine showed increased lysosomal pH and ac-
cumulation of phagosomes containing ingested outer segments. Undigested phago-
somes and their contents are known to accumulate between Bruch’s membrane in
RPE in chloroquine-treated animals (Mahon et al. 2004; Peters et al. 2006). These
studies suggest a stringent requirement of lysosomal pH for the proper functioning
of lysosomal clearance functions in the RPE.

104.3 Mechanisms of Lysosomal Acidification

Lysosomes are acidic organelles involved in the degradation of macromolecules and
play important roles in cellular maintenance’. The acidity of the lysosomes is gener-
ated and maintained by the lysosomal proton pump, vacuolar ATP-ase (V-ATPase).
V-ATPase pumps protons into the lysosomal lumen against the electrochemical
gradient by utilizing the free energy derived from ATP hydrolysis (Mindell 2012).
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V-ATPases are multi-subunit complexes, composed of a cytosolic V| domain that
catalyzes ATP hydrolysis and an integral V; domain that translocates protons from
the cytoplasm to the lysosomal lumen. The V, domain is composed of eight subunits
(A-H) and the V| domain is composed of five subunits (a, d, ¢, ¢’ and ¢”). In mam-
mals, the ‘a’ subunit of the V; domain is composed of multiple isoforms that have
been shown to target V-ATPase to distinct cellular compartments (Mindell 2012).

104.4 Involvement of BA3/A1-Crystallin in the Maintenance
of Lysosomal Function in the RPE

We recently reported that BA3/Al-crystallin, a lens structural protein, is expressed
in RPE cells and trafficked to lysosomes, where it is involved in degradation of in-
gested OS and also in autophagy (Valapala et al. 2014). We have recently generated
a conditional knockout (cKO) mouse where BA3/Al-crystallin has been deleted
specifically from the RPE. In our initial characterization of these animals, we found
that while OS discs are ingested, the RPE cells are unable to degrade them and
consequently accumulate ingested phagosomes. These mice also show impaired
clearance of autophagosomes, hyper-vacuolation and loss of retinal function. These
cellular abnormalities in the cKO RPE are also accompanied by an increase in ly-
sosomal pH and a reduction in the activity of lysosomal proteases like cathepsin D.
Our studies also suggested that loss of PA3/A1-crystallin inhibits the activity of the
lysosomal V-ATPase in the cKO RPE. In order to investigate the mechanisms by
which BA3/Al-crystallin modulates the activity of V-ATPase, we performed sub-
cellular fractionation of lysosomes, extracted the lysosomal lumen and membrane
fractions. Later, immunoprecipitation was performed using a polyclonal antibody
to BA3/Al-crystallin and we immunoprecipitated the V-ATPase subunit ATP6V A,
from the lysosomal membrane fractions in the Crybal floxed (Crybalfl/fl) RPE
cells (Fig. 104.1a). Since, the V subunit of the V-ATPase complex regulates its
catalytic function; we believe that BA3/Al-crystallin modulates the catalytic effi-
ciency of this complex (Valapala et al. 2014). The exact mechanism by which BA3/
Al-crystallin regulates this process is currently under investigation. Furthermore,
molecular modeling studies have shown that the molecular surface of the BA3/
Al-crystallin complex possesses a distinct binding site for the ATP6V A, subunit
(Fig. 104.1b). Since, the major function of V-ATPase is to generate a pH gradient in
the lysosomal compartments, loss of its function significantly alters and lysosomal
pH and the activity of the lysosomal proteases in the cKO RPE. Our results show
that dysregulated lysosomal degradation in the cKO RPE leads to incomplete deg-
radation and accumulation of autophagosomes (Valapala et al. 2014). In summary,
our studies suggest that BA3/Al-crystallin has critical function in the lysosome-
mediated processing during both phagocytosis and autophagy in the RPE.
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Fig. 104.1 Regulation of lysosomal V-ATPase by BA3/Al-crystallin.a Lysosomal fractionation
was performed to extract the lysosomal lumen and membrane fractions. Co-immunoprecipitation
of these fractions with BA3/A1-crystallin antibody and immunoblotting with ATP6V ja, antibody
revealed the pull down of ATP6V A, predominantly in the membrane fraction. Immunoblotting
with IgG heavy chain (IgGHc) served as a loading control. b Hypothetical complex of BA3/-
crystallin and the N-terminal domain of V ja, obtained by Hex protein docking is shown. Molecular
surface of BA3/-crystallin is shown in green. The Va,-Nterminus is shown as a ribbon model
where (-sheet and a-helical structures are shown by red arrows and blue cylinders, respectively
Reproduced with permission from the journal autophagy
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