
kb, 1.4 kb, and two of 2.4 kb were sub- 
cloned into Bluescript (Stratagene) and se- 
quenced (12). To determine whether the 
deduced partial sequences of GP330 are 
similar to sequences of other protein, we 
used the FASTP program in a computer- 

Autoimmune Target in Heymann Nephritis Is a 
Glycoprotein with Homology to the LDL Receptor 

The pathogenesis of Heymann nephritis, a rat model of human membranous glomeru- 
lonephritis, depends on the interaction of autoantibodies with a renal glycoprotein 
(GP330) on glomerular podocytes. Partial complementary DNAs coding for GP330 
were isolated and sequenced. The deduced amino acid sequence from 4.3 kilobases of 
complementary DNA contains the sequences identical to two peptides derived from 
the isolated glycoprotein. The deduced amino acid sequence of this protein contains 
regions with homology to the human low density lipoprotein (LDL) receptor, an 
indication that GP330 and the LDL receptor may be members of the same gene family. 
Autoantibodies from the kidneys of rats with Heyrnann nephritis reacted with a 
nonglycosylated segment of GP330 that contains cysteine-rich 40-amino acid repeats, 
which are also features of the LDL receptor. GP330 is also similiar in some regions to 
the mouse epidermal growth factor precursor. 

G LYCOPROTEIN GP330, so DESIG- 

nated because it has a molecular 
size of 330 kD, was identified by 

Kerjaschki and Farquhar (1) as the patho- 
genic autoantigen in Heymann nephritis. 
Heymann nephritis is a rat model of human 
membranous glomerulonephritis (Z), a 
chronic renal disease usually manifested by 
the nephrotic syndrome and in some cases 
by progressive renal failure. The rat glyco- 
protein is found on the apical plasmalemmal 
domain of some epithelial cells, in particular 
glomerular podocytes, proximal renal tu- 
bules, intestine, lung (type I1 pneumocytes), 
epididymis, and yolk sac (3). The analogous 
human protein has been identified (4) that 
reacts with antibodies eluted from the glo- 
meruli of some specimens of membranous 
glomerulonephritis (5). Although the bio- 
logical function of GP330 is unknown, its 
presence on absorptive epithelial cells and 
the finding that it is normally concentrated 
in coated pits suggest that it may be a 
receptor, as has been demonstrated for the 
LDL receptor (6) and other receptors (7). 
There is evidence that a 76-kD s& pro- 
tein may be a ligand for GP330 (8). 

We purified the GP330 protein from a 
crude renal tubule-rich fraction of normal 
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Lewis rat kidneys by immunoaffinity chro- 
matography (9). The purified protein 
showed a single band of 440 kD on SDS- 
polyacrylamide gel electrophoresis (SDS- 
PAGE). In our experiments the protein 
designated GP330 consistently appeared at 
a higher molecular size. The purified protein 
was digested with trypsin, the peptides were 
isolated by reversed-phase high-perform- 
ance liquid chromatography (HPLC), and 
the sequences of several peptides were deter- 
mined by automated Edman degradation 
(10). The sequence of one peptide, L-Y-W- 
V-D-A-F-F-D, was used to design a syn- 
thethic oligonucleotide, [T@-TGG-GT(I)- 
GG-GC(I)-'IT&'ITz-GA]. 

Five putative, partial GP330 cDNA 
clones were identified by screening a rat 
kidney Xgtll expression library (Clontech) 
with a specific polyclonal rabbit antiserum 
to rat GP330 (9, 11). Inserts of 0.4 kb, 0.6 

based search of the National ~iomedical 
Research Foundation protein database (13). 
Protein sequence similarities were found 
among rat GP330, the human LDL recep- 
tor (6 ) ,  and the mouse epidermal growth 
factor (EGF) precursor (14). The oligonu- 
cleotide probe hybridized to the 5 '  end of 
the 1.4-kb insert (Fig. 1, asterisk). The 
oligonucleotide-hybridizing region con- 
tained the coding sequence defined by the 
tryptic peptide, which is partially identical to 
the LDL receptor (Fig. 2, region A). The 
DNA sequence of the 0.4-kb insert is con- 
tained within the 0.6-kb insert, which is 
contained within the 1.4-kb insert. Two 
overlapping 2.4-kb inserts provided an addi- 
tional 2.9-kb nucleotide sequence. The pro- 
tein sequence deduced from the 2.9-kb 
DNA sequence contained a sequence identi- 
cal to that of another tryptic peptide, V-L- 
V-V-N-P-W-L-T.-Q-V (Fig. 1, two aster- 
isks), a 29-amino acid transmembrane seg- 
ment (Fig. l ) ,  and a 188-amino acid cyto- 
plasmic tail. The LDL receptor and GP330 
are similar in six separate regions (Fig. 2, 
regions A to F). Both GP530 and the LDL 
receptor contain cysteine-rich ligand-bind- 
ing repeat sequences (-40-amino acid resi- 
dues per repeat) in regions D and E (Fig. 2). 
At least 13 consensus repeats are distributed 
within the GP330 molecule in regions D 
and E (Fig. l), whereas the LDL receptor 
has seven ligand-binding repeats at its NH2- 
terminus (6) (Fig. 1, crosshatched). We 
used another computer program, BESTFIT 
(15), to determine the percent similarity of 
GP330 protein with LDL receptor. The 
1.4-kb region contains 478 amino acids, and 
this region is 41% homologous to the LDL 
receptor, whereas the percent similarity in 
the 2.9-kb region (884 amino acids) is 35%. 
Because the LDL receptor and GP330 are 

H 

COOH GP330 

NH2 COOH LDL receptor 

Regions A l, 8 0, C 0, D ES t----- 100 amino acid residues 

E m, F lIirm 
Fig. 1. Comparison of the structure of GP330 deduced from the nucleotide sequence of five partial 
cDNAs and the LDL receptor (6). The GP330 protein sequences of the two regions between the break 
marks have not been determined. The location of two GP330 tryptic peptide sequences are indicated by 
segments marked with one or two asterisks. The protein sequence deduced from the 2.9-kb DNA 
sequence contained a 29-amino acid transmembrane segment (marked x )  and the 188-amino acid 
cytoplasmic tail (stop codon marked as open triangle). Regions A to F correspond to the amino acid 
sequences shown in Fig. 2. 
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similar to one another, they may be mem- 
bers of the same gene family. The ci and P 
chains of the human complement proteins 
C8 and the C9 precursor each contain a 
single copy of the LDL receptor ligand- 
binding repeat (16). GP330 also contains 
cysteine-rich EGF precursor repeats (Figs. 1 
and 2, region C), which are different from 
the LDL receptor ligand-binding repeat. 
The 1.4-kb insert contains only one repeat 
(Fig. 2, top line of region C), whereas three 
full and two half repeats are distributed in 
the 2.9-kb region (Figs. 1 and 2, region C). 
Furthermore, GP330, the LDL receptor, 
and EGF precursor display protein-se- 
quence similaritites in nonrepetitive regions 
(Figs. 1 and 2, regions A, B, and F). Ho- 
mology to the LDL receptor and EGF 
precursor has also been observed in a 500- 
kD liver protein, so-called LDL receptor- 
related protein (LRP) (1 7). The cytoplasmic 
tail of GP330 contains three homologous 
repeats of seven amino acids (IFENPMY, 

Region 

GP330 H P F G L T V F K D N V F I - T D W  

.DLR F l s 3 A W E E K "  -8 
E G F ~  H P F S ~ L  A v F E D H  L - w v s D w 

NVENQNY, and NIENPIY), whereas LRP 
contains two repeats (EIGNPTY and 
NFTNPVY), and the LDL receptor has one 
(NFDNPVY). This signal is crucial for en- 
docytosis of the LDL receptor (6). 

We also found that GP330-P-galacto- 
sidase fusion proteins (18) containing poly- 
peptides coded for by the 0.4-, 0.6-, and 
1.4-kb inserts reacted strongly with auto- 
antibodies eluted from the kidneys of rats 
with Heymann nephritis (19). Thus, each 
fusion protein contains at least one antigenic 
site recognized by the pathogenic autoanti- 
bodies. The polypeptide derived from the 
0.4-kb insert (Fig. 1, solid bar above region 
D) contains three and one half LDL recep- 
tor ligand-binding repeats, although region 
D contains eight repeats. Further, since this 
region of GP330 is NH2-terminal to the 
transmembrane segment, it is likely that this 
antigenic site is displayed in a region of 
GP330 extending from the external surface 
of an epithelial cell membrane. Whether 

Am>nO acid Region 
realdue 

additional irnmunoreactive regions are pres- 
ent in the regions flanking this site remains 
unclear. Additional fusion proteins derived 
from the two overlapping, 2.4-kb inserts did 
not react with the autoantibodies, although 
each of these fusion proteins contains addi- 
tional LDL receptor ligand-binding repeats 
(Figs. 1 and 2, region E). Since the fusion 
proteins are not glycosylated, the antigenic 
sites must be on the protein component of 
GP330. 

It is believed that in Heymann nephritis 
the interaction of autoantibodies with 
GP330 on glomerular podocytes leads to 
formation of immune complexes that are 
shed into the adjacent basement membrane, 
where they aggregate to form insoluble de- 
posits. Evidence of shedding of GP330 
complexes from glomerular epithelial cells 
has also been obtained in vitro with cultured 
cells (20). Why some GP330-containing 
complexes are shed rather than being effi- 
ciently internalized by receptor-mediated 

42-58 Consensus repeat 

586-602 C C F C N C I/V C D C  D C C D  S D E - G P 3 3 0  

692-708 C T C F C G C I  C D  D C  D G S D E - L D L R  

coneenrva repeat 

C C C C C C  G C - GP330 

Consensus reprat 

C C F C D C i  C C G  O C  D C S D E -  C P 3 3 0  

C T C i C G C I  C D  D C  D C S D E -  LDLR 

Fig. 2. Amino acid sequence comparisons of GP330, LDL receptor, and 
EGF precursor. GP330, the LDL receptor, and EGF precursor display 
sequence homology in nonrepetitive regions as shown by regions A, B, and 
F. The cystcine-rich EGF precursor repeats are shown in region C. The 1.4- 

kb sequence contains one repeat (sequence presented in the first line of 
region C) and the 2.9-kb sequence contains three full and two half repeats 
(remainder of sequence in region C).  The numbers correspond to the amino 
acid residue numbers of the published sequences ( 6 )  or those assigned to the 
GP330 sequences derived from the 1.4-kb (residues 1 to 478) and the 2.9-kb 
(residues 1 to 884) nucleotide sequences. The cysteine-rich LDL receptor 
ligatld-binding repeats are displayed in regions D and E. The single-letter 
code for the amino acids is used; abbreviations for the amino acid residues 
are A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, Ile; K, Lys; L, 
Leu; M, Met; N, Asn; l', Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, 
Trp; and Y, Tyr. The gaps were inserted to optimize the alignment. LDLR, 
LDL receptor; EGFp, EGF precursor. 
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endocytosis, as would be expected of a G. Williams, Nature 311, 675 (1984); K. Drick- 15 July 1988 through filters centered on 
receptor in coated pits, is unknown. H~~ amer, J. F. Mamon, G. Binns, J .  0. Leu%, J .  Biol. 

Chern. 259, 770 (1984); K. E. Mostov, M. Fried- three methane bands (6190' 7270' and 
much of the GP330 molecule is shed in the lander. G. Blobel. Nature 308. 37 (1984). 8900 A) and three nearby continuum re- 
form of immune complexes is also un- 
known. The eventual availability of a full- 
length cDNA should allow a detailed analy- 
sis of how much of this protein is shed 
rather than endocytosed and why, An analy- 
sis of the antigenic sites recognized by the 
pathogenic autoantibodies by use of nested 
sets of synthetic peptides (21) and a determi- 
nation of their location in this membrane 
glycoproteln may reveal the autoimmune 
basis of Heymann nephritis and its human 
counterpart 
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Neptune Cloud Structure at Visible Wavelengths 

Digital images of Neptune showing cloud structure at visible wavelengths were 
obtained in July 1988. A discrete bright feature was detected both at 6190 A (a weak 
methane absorption band in the visible) and at 8900 A (a stronger methane band in the 
near infrared). The images also revealed that Neptune's southern pole was bright 
relative to planetary mid-latitudes at 6190 A but not 8900 A. The implications of these 
findings for atmospheric rotation and structure are discussed. The detection of discrete 
features at visible wavelengths is of special importance to the upcoming Voyager 
encounter with Neptune: the wide-angle camera has a 6190 A flter similar to that used 
for these observations. 

F OR THE PAST DECADE, THE PLANET 

Neptune has shown a remarkable 
amount of variability on time scales 

ranging from hours to years (1). In 1987, 
the diurnal variation of Neptune's disk-inte- 
grated flux was caused by a single atmo- 
spheric inhomogeneity (discrete feature), 
with the observed fluctuations attributable 
to the appearance and disappearance of this 
feature during planetary rotation (2). Many 
earlier images of the planet show discrete 
cloud features on Neptune, but these images 
were always obtained at 8900 A, a strong 

Jet Propulsion Laboratory, Pasadena, CA 91 109. 

near-infrared methane absorption band 
where the contrast between features and the 
surrounding atmosphere is enhanced (3-5). 
No images at visible wavelengths have 
shown discrete features ( 5 ) ,  even though 
their presence at these wavelengths was in- 
ferred from disk-integrated photometly that 
showed strong diurnal variation (6, 7). In 
this paper I present new images obtained at 
visible wavelengths that show discrete cloud 
features. 

The new images of Neptune (shown in 
Fig. 1) are a subset of data obtained with the 
University of Hawaii 2.24-m telescope 
(Mauna Kea Observatory, Hawaii) on 11 to 

tion. 1n practice, this technique smooths 
across pixel boundaries. Only large-scale fea- 
tures are true features associated with Nep- 
tune (see Fig. 1); "features" that are smaller 
than a tenthof a planetary diameter are not 
true features on the planet, but pixel-to-pixel 
variations in the detector. 

From the feature's apparent motion as the 
planet rotates, an atmospheric rotation peri- 
od can be derived. In the past, a number of 
different rotation periods were deduced 
from the variability of Neptune, ranging 
from 17.0 2 0.05 up to 18.4 2 0.01 hours 
(4). Because the diverse measurements of 
Neptune's period came from obsenrations at 
a variety of wavelengths ranging from the 
visible (6190 A) out to the near infrared (at 
1.25 and 2.2 km), the discrepancy of peri- 
ods was attributed to wavelength, that is, 
different wavelengths were probing to dif- 
ferent depths in the atmosphere (6,  8, 9) .  In 
1988, the dominant atmospheric rotation 
period was 17.7 k 0.5 hours, based on 
observations of transits of the brightest fea- 
ture in several series of 8900 A images (10) 
and on disk-integrated photometry of the 
planet at 8900 A (11). But the 17.0-hour 
period found in 1986 and 1987 was also 
determined at 8900 A (2). Furthermore, 
measurements of the feature's location on 
the disk of the planet indicate that in 1988 
the same feature was detected at both 6190 
and 8900 A (Fig. 1). Thus the period at 
6190 A is the same as that found from 8900 
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