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Summary of the Award publications :

The human body is composed of many internal organs, which contain central lumen
encircled by a polarized epithelial lining. This epithelial lining serves as the boundary
between inner milieu and outer environment of the organism, while in the meantime plays a
critical role in regulating selective transporting function across this barrier.  Although
essential in maintaining the homeostasis of the complicated chemical composition of human
bodies, how the apical lumen is regulated still remains an enigma in cell biology.

The importance of lumen formation is best exemplified by kidney. Mammals depend
on the kidney to perform blood filtering function in which orderly renal tubular structures are
indispensable. Inside each of the renal epithelial cells lining these elaborate tubules, the
localization of membrane proteins is highly polarized with various channel, transporter, and
pumps selectively distributed at either the apical or basolateral domain. This polarized
distribution pattern of membranous organization is pivotal for vectorial transport of solutes
across epithelial barrier. Both the developmental regulation of renal tubulogenesis and the
polarity formation of mature renal epithelia could be recapitulated using Madin-Darby
canine kidney (MDCK) as a model.  Although GP135 has served as the canonical hallmark
of apical surface for decades, its molecular details and functions have remained obscure until
we recently found GP135 is the glomerular sialomucin-podocalyxin and it could regulate
HGF/SF (hepatocyte growth factor/scattering factor) induced tubulogenesis (Figure 1).

By detailed protein trafficking assays, we show that correct apical sorting of
Gpl35/podocalyxin depends on a bipartite signal composed of an extracellular
O-glycosylation rich region and the intracellular PDZ domain binding motif. In accord
with this observation, the PDZ domain protein, ezrin binding phosphoprotein 50 (EBP50),
binds to newly synthesized Gp135 at Golgi apparatus, and facilitates oligomerization and
sorting of Gpl35 into clustering complex. Defective connection between Gpl35 and
EBP50 or EBP50 knock-down results in a delayed exit from the detergent resistant
microdomain, failure of oligomerization, and basolateral missorting of Gp135. According
to these findings, we propose a model depicting the way by which a highly negative charged
transmembrane protein could be packed into an apical sorting platform with the aid of its
cytoplasmic partner (Figure 2).

The information result from this study would help understand not only the mechanism
governing the lumen formation in many vital organs, but also would help decipher the
pathogenesis of many congenital anomalies such as polycystic kidney disease or biliary
atresia.



Figure 1. Gp135/podocalyxin regulates HGF/SF (hepatocyte growth factor/scattering factor)
induced tubulogenesis. MDCK cells embedded in collagen were stimulated by HGF to
recapitulate the morphogenesis of renal tubule formation. Control MDCK cells (left)
developed branching tubular structures upon HGF addition, while Gp135/podocalyxin
knock-down cells (right) failed to form the typical tubular structures.
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Figure 2. Multistep model for the apical sorting of podocalyxin/Gp135 in polarized epithelial
cells. (A) As the nascent polypeptide of Gp135 is being released from the
membrane-associated ribosome, the signal peptide of Gp135 has directed its entrance into the
ER. (B) The polypeptide is undergoing N-linked glycosylation (not shown in the diagram)
and O-linked glycosylation along its biosynthetic route through the ER/Golgi apparatus.
Although the putative luminal lectin receptor can recognize the O-glycan as an apical sorting
signal and cluster the nearby Gp135, the highly negative charged nature of the superimposed
sialic acid modifications would impede the coalescence of the single lipid rafts (shown in red)
into a functional apical sorting platform. (C) Binding of EBP50 to the cytoplasmic tail of
Gp135 and the oligomerization of EBP50 would counteract the electric repulsive force by the
sialic acid modifications incurred on the closely packed Gp135 and help clustering of multiple
lipid rafts into a competent functional unit.



