
The Unfolding Story of Megalin (gp330): Now Recognized as a Drug Receptor Editorial

In this issue of The Journal Moestrup et al. (1) report that
polybasic drugs such as aprotinin, aminoglycosides, and poly-
myxin B are taken up by the endocytic receptor, megalin/gp330.
Antibiotics such as gentamycin and polymyxin B are well
known to be both nephrotoxic and ototoxic, but the mechanisms
by which these drugs become concentrated in lysosomes of the
kidney and ear to produce tissue damage remain unknown. This
carefully executed study demonstrates that they bind to mega-
lin/gp330 both in vitro and in vivo and are taken up by receptor-
mediated endocytosis in clathrin-coated pits. Thus, Moestrup et
al. ( 1 ) provide a clear explanation of the molecular mechanisms
by which the kidney and probably also the ear take up and
concentrate these toxic, polybasic drugs. At the same time the
authors have added another dimension, a pathologic dimension,
to the story of megalin (gp330) by showing that it serves as a
drug receptor.

What is megalin/gp330? gp330 (megalin) is one of the
most abundant membrane proteins in the renal proximal tubule.
It was originally identified as the target antigen of Heymann
nephritis, a rat model of membranous glomerulonephritis (2,
3). Its location in clathrin-coated pits suggested from the begin-
ning that gp330 is an endocytic receptor (3, 4). In addition to
its expression in glomerular and proximal tubule epithelia, this
receptor is expressed in a number of epithelia that are heavily
engaged in receptor-mediated endocytosis, including type II
cells of the lung and epithelial cells of the inner ear, epididymis,
mammarygland, thyroid, parathyroid, yolk sac, and retina (5).
Interest in this molecule was greatly enhanced when Raychowd-
hury et al. (6) obtained and sequenced a partial cDNA clone
which clearly established that gp330 is a member of the LDL
receptor gene family (7). The complete amino acid sequence
was obtained only recently (8), and this receptor was found to
possess all the structural motifs characteristic of the LDL recep-
tor family, including ligand binding, growth factor and EGF
repeats, YWTDspacer regions, and the consensus (FX)NPXY
endocytic internalization signal. Structurally it is quite similar
to the LDL receptor related protein/a2-macroglobulin receptor
(LRP), another LDL receptor family member. Based on its
large size (517,715 mol wt) which proved to be larger than
originally anticipated the name "megalin" was introduced as
an alternative to gp330 (8).

Ligands that bind to megalin/gp330. In the meantime the
search for its ligands has identified a surprisingly diverse group
of molecules that are capable of binding to megalin/gp330 in
vitro: RAP (receptor-associated protein), apoE-enriched
/3VLDL, lipoprotein lipase, plasminogen, tPA:PAI-1, and
uPA:PAI-1 complexes, Ca2+ (for review see reference 9), and,
most recently, clusterin/apolipoprotein J (10). All of these li-
gands except plasminogen and clusterin also bind to LRP. RAP
has the interesting property that it prevents binding of ligands to
both megalin (gp330) ( 11) and LRP. RAP(as well as megalin/
gp330) also serves as a pathogenic antigen in Heymann's ne-
phritis (12).

Little is known at present concerning the features of the
ligands or megalin that lead to these diverse interactions.
Moestrup et al. (1) provide an important insight into this prob-
lem by demonstrating the importance of charge interactions.
Using recombinant aprotinin mutants these authors show that
basic residues are crucial for binding and uptake. As a bonus
these observations also point the way to rational design of anti-
biotics which remain effective in fighting infections with Gram-
negative bacteria but are not taken up by endocytosis thus reduc-
ing the severe side effects on the kidney and ear.

Little is known either about the major functions of megalin
in vivo where the receptors typically face specialized milieu
such as the glomerular filtrate, airways, epididymal fluid, thy-
roid colloid, and yolk sac fluid, which are not expected to con-
tain many of the above ligands. The paper by Moestrup et al.
(1) provides an important new insight into the properties of
megalin. Given the diverse interactions of this receptor there
can be little doubt that there are still many more intriguing
chapters to come as the biology and pathology of this receptor
continue to unfold.

Marilyn Gist Farquhar
Division of Cellular and Molecular Medicine
Center for Molecular Genetics and Department of Pathology
University of California, San Diego

References

1. Moestrup, S. K., S. Cui, H. Vorum, C. Bregengard, S. E. Bj0rn, K. Norris,
J. Gliemann, and E. I. Christensen. 1995. Evidence that epithelial glycoprotein
330/megalin mediates uptake of polybasic drugs. J. Clin. Invest. 96:1404-1413.

2. Kerjaschki, D., and M. G. Farquhar. 1982. The pathogenic antigen of
Heymann nephritis is a membrane glycoprotein of the renal proximal tubule brush
border. Proc. Natl. Acad. Sci. USA 79:5557-5561.

3. Kerjaschki, D., and M. G. Farquhar. 1983. Immunocytochemical localiza-
tion of the Heymann nephritis antigen (gp330) in glomerular epithelial cells of
normal Lewis rats. J. Exp. Med. 157:667-686.

4. Kerjaschki, D., A. Miettinen, and M. G. Farquhar. 1987. Initial events in
the formation of immune deposits in passive Heymann nephritis: Gp330-antigp330
immune complexes form in epithelial coated pits and rapidly become attached to
the GBM. J. Exp. Med. 166:109-128.

5. Zheng, G., D. R. Bachinsky, I. Stamenkovic, D. I. Strickland, D. Brown,
G. Andres, and R. T. McCluskey. 1994. Organ distribution in rats of two members
of the low-density lipoprotein receptor gene family, gp330 and LRP/a2MR, and
the receptor-associated protein, (RAP). J. Histochem. Cytochem. 42:531-542.

6. Raychowdhury, R., J. L. Niles, R. T. McCluskey, and J. A. Smith. 1989.
Autoimmune target in Heymann nephritis is a glycoprotein with homology to the
LDL receptor. Science (Wash. DC). 244:1163-1165.

7. Krieger, M., and J. Herz. 1994. Structures and functions of multiligand
lipoprotein receptors: macrophage scavenger receptors and LDL receptor-related
protein (LRP). Annu. Rev. Biochem. 63:601-637.

8. Saito, A., S. Pietromonaco, A. Loo, and M. G. Farquhar. 1994. Complete
cloning and sequencing of rat gp330/"megalin," a distinctive member of the
low density lipoprotein receptor gene family. Proc. Natl. Acad. Sci. USA.
91:9725-9729.

9. Farquhar, M. G., A. Saito, D. Kerjaschki, and R. A. Orlando. 1995. The
Heymann nephritis antigenic complex: megalin (gp330) and RAP. J. Am. Soc.
Nephrol. 6:35-47.

10. Kounnas, M. Z., E. B. Loukinova, S. Stefansson, J. A. K. Harmony, B.
H. Brewer, D. K. Strickland, and W. S. Argraves. 1995. Identification of glycopro-
tein 330 as an endocytic receptor for apolipoprotein J/clusterin. J. Biol. Chem.
270:13070- 13075.

11. Orlando, R. A., D. Keraschki, and M. G. Farquhar. 1995. Megalin (gp330)
possesses antigenic epitopes capable of inducing passive Heymann nephritis inde-
pendent of the nephritogenic epitope in RAP. J. Am. Soc. Nephrol. 6:61-67.

12. Kejaschki, D., R. Ullrich, K. Diem, S. Pietromonaco, R. A. Orlando, and
M. G. Farquhar. 1992. Identification of a pathogenic epitope involved in the
initiation of Heymann nephritis. Proc. Nati. Acad. Sci. USA. 89:11179-11183.

1184 M. G. Farquhar

J. Chin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/95/09/1184/01 $2.00
Volume 96, September 1995, 1184


