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Propeptide cleavage conditions sortilin/neurotensin
receptor-3 for ligand binding

C.Munck Petersen!, M.S.Nielsen, growth factor-11 receptor (CI-M6PR). Overall, the sortilin
C.Jacobsen, J.Tauris, L.Jacobsen, tail contains several well known sorting motifs, suggesting
J.Gliemann, S.K.Moestrup and P.Madsen that the receptor has the potential to engage in various
types of trafficking, including endocytosis and transport

Department of Medical Biochemistry, University of Aarhus, between the Golgi and late endosomes. Only a minor
Ole Worms Allg Building 170, DK-8000 Aarhus C, Denmark fraction of the sortilin receptors are normally present at
ICorresponding author the cell surface (Mazellat al., 1998; Morriset al,, 1998)
e-mail: CMP@biokemi.au.dk and although recent findings have shown that certain

_ ) ) stimuli can up-regulate expression on the surface mem-
We recently reported the isolation and sequencing of  prane, e.g. insulin in 3T3-L1 adipocytes (Mores al,
sortilin, a new putative sorting receptor that binds  1998) and neurotensin in embryonic neurons (Chabry
receptor-associated protein (RAP). The luminal N- ot a1, 1993), the major pool of sortilin and sortilin tail
terminus of sortilin comprises a consensus sequence hyprid receptors accumulate in the Golgi and in vesicles,
for cleavage by furin, R™WRR™, which precedes a  co-jocalizing with the CI-MBPR (Peterseat al, 1997;

truncation originally found in sortilin isolated from Morris et al,, 1998). Thus, sortilin’s subcellular localization
human brain. We now show that the truncation results seems to agree with its suggested role as a sorting receptor.
from cellular processing. Sortilin is synthesized as a So far two sortilin ligands have been identified, firstly

proform which, in late Golgi compartments, is con-
verted to the mature receptor by furin-mediated cleav-
age of a 44 residue N-terminal propeptide. We further
demonstrate that the propeptide exhibits pH-dependent
high affinity binding to fully processed sortilin, that
the binding is competed for by RAP and the newly
discovered sortilin ligand neurotensin, and that preven-
tion of propeptide cleavage essentially prevents binding
of RAP and neurotensin. The findings evidence that
the propeptide sterically hinders ligands from gaining
access to overlapping binding sites in prosortilin, and
that cleavage and release of the propeptide precondi-
tions sortilin for full functional activity. Although
proteolytic processing is involved in the maturation of
several receptors, the described exposure of previously
concealed ligand-binding sites after furin-mediated
cleavage of propeptide represents a novel mechanism
in receptor activation.
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the receptor-associated protein (RAP) used for the original
affinity purification of sortilin from human brain, and
secondly the neuropeptide neurotensin. RAP is a 40 kDa
endoplasmic reticulum (ER)-resident protein which binds
to members of the low density lipoprotein receptor (LDLR)
family of multifunctional endocytic receptors. This family
of receptors, in particular the giant receptors LRP (low
density lipoprotein receptor-related protein) and gp330/
megalin, covers a diversity of ligands which bind to
separate sites, but it is characteristic that binding of all
ligands is inhibited by RAP (for review see Gliemann,
1998). Recent studies strongly indicate that RAP serves
as a chaperone for members of the LDLR family by
protecting them from aggregation caused by premature
binding of multisite ligands in the synthetic pathway, and
possibly by assisting in the folding of the receptors (for
reviews see Bu and Schwartz, 1998; Willnow, 1998). An
additional brain receptor, sorLA-1, which we isolated in
parallel with sortilin (Jacobsest al., 1996), has similarities

to sortilin and also binds RAP. However, sorLA-1 contains
a number of the typical structural elements of the LDLR,
including the ligand-binding class A cluster repeats, and
sortilin is therefore the only known RAP-binding receptor
We have previously reported the purification and cDNA Wwithout similarities to the LDLR family.

cloning of sortilin, a new putative 95 kDa sorting receptor ~ In contrast to RAP, neurotensin is secreted into the
of human brain (Petersest al, 1997). Sortilin is a typical ~ extracellular environment and has several well described
type-1 membrane protein, consisting of a large luminal functions. Along with its analogue neuromedin-N, neurot-
domain, a single transmembrane segment and a shoriensin is synthesized as part of 147 amino acid precursor
C-terminal cytoplasmic tail. Both the luminal and the protein (Dobneret al, 1987; Beanet al, 1992) and is
cytoplasmic domains bear a distinct and indicative resemb- released in secretory vesicles as a bioactive 13 amino acid
lance to well known sorting receptors (Peterssnal, peptide upon cleavage of the precursor by members of
1997). The luminal domain is similar to each of the two the subtilisin/Kex2-like family of mammalian prohormone
domains that constitute the luminal part of Vps10p, a convertases (Barbert al, 1998). The peptide is produced
yeast receptor for carboxypeptidase Y sorting (Marcussonby neurons and induces several effects in the central
et al, 1994), and the C-terminal segment of sortilin’s nervous system (CNS), such as an increase in dopamine
cytoplasmic tail is identical to the corresponding segment turnover, hypothermia and muscle relaxation. It is also
in the cation-independent mannose 6-phosphate/insulinsynthesized outside the CNS, and peripheral administration
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has been shown to cause hyperglycaemia, hypo- or hyper-A -
tension as well as histamine release (for review see
Vincent, 1995). Neurotensin’s effects are mediated by
signalling membrane receptors, and two such receptors,
both typical G-protein-associated receptors, have been —
cloned in recent years (Tanakaal., 1990; Chaloret al, ---FPRGGRWRRSAPGE...
1996). Sortilin has now been identified as the third
neurotensin-binding receptor, and it seems to be the first
non-G-protein-coupled receptor that binds a neuropeptide - ili
(Mazella et al, 1998). There is nothing to indicate that
sortilin is a signalling receptor, but previous findings
strongly suggest that sequestration of G-protein-coupled
receptors in response to neurotensin stimulation is accom-
panied by translocation of intracellular sortilin to the cell -.-FPRGGRWRRSAPGE...
surface where it may bind and internalize neurotensin u
(Chabry et al, 1993). Thus, it is likely that sortilin ...FPRGGRWGGSAPGE... sm 1 -sortilin
participates in regulating the turnover of neurotensin. ”

Sortilin purified from brain by either RAP or neurotensin ...FPRGGG WRASAPGE... 8sm 2 -sortilin
affinity chromatography carries an N-terminal truncation
covering 44 residues. Moreover, the sequent&WRR*
immediately preceding the N-terminus of the truncated
receptor is identical to the consensus sequence for cIeavagnB Sortilin
by the cellular endoproteinase furin (Liet al, 1997; L. .
Peterseret al, 1997; Mazellaet al, 1998; Morriset al,, Restriction sites
1998). Furin is one of the seven currently known homo- Norl (206)
logous proteinases that congtitute the fami_ly of proprqtein- xpai | H" széfdm (903)  BspEl (2265)  Smal (3590) 4940
converting enzymes (PCs) in the synthetic and vesicular { |
pathway of mammalian cells (for reviews see Nakayama,
1997; Seidah and Chiien, 1997). Conversion by cleavage Fig. 1. (A) Schematic presentation of the sortilin constructs used in
of newly synthesized proteins is an essential part of this study, the full-length receptor (fl-sortilin) and the three
processing, and accounts for the activation/generation of asoluble minireceptors (s-sortilin, sm1- and sm2-sortilin). The leader

; e : : peptide (=33 to —1), the propeptide (1-44; dark grey), the luminal
multitude of cellular proteins including peptide hormones, - .- (45-725; light grey). the transmembrane segment (726747

enzymes, coagulation faCtors ahd Ce!' signalling m0_|eCU|eS- black) and the cytoplasmic tail (748-800) are indicated with reference
Some of the PCs have a limited tissue expression, butto flanking amino acid residues. The sequence containing the

furin and PC7, both transmembrane enzymes that arepropeptide consensus site (upper case letters) for cleavage by furin is
located in thdransGoIgi network (TGN) and constitutive given. Altered residues in the soluble mutant minireceptors are

. . underlined. B) Map of the restriction sites in the sequenced sortilin
secretory yesmles, are widespread and appear to besyand used for generating the various cDNA constructs.
expressed in all normal cell types. The PCs all cleave at
single or pairs of basic residues, and their functions may
overlap to some extent. However, their distribution and Results
cleavage sequence preference differ. Therefore, they Ca”1nitial|y, a soluble sortilin minireceptor (s-sortilin,

not substitute for each other and, accordingly, furin pigré 1) comprising the luminal, RAP-binding domain
knockouts appear to result in embryonic death (Seidah o sorjlin, but not its cytoplasmic tail or transmembrane
and Chréien, 1997). Whereas conversion of secretory gegment, was expressed in CHO-K1 cells. The receptor
proteins is a very common event, cleavage as part of a5 purified from the culture medium by RAP affinity
receptor processing seems to be an exception rather tharhromatography and shown by microsequencing to have
the rule. The few receptors that presently are known 10 the same N-terminus as the truncated sortilin originally
be subject to PC-mediated cleavage, e.g. the insulinjsolated from human brain (Petersenal, 1997; Tauris
receptor, the insulin-like growth factor-1 receptor, the et a1, 1998). This suggested that wild-type sortilin is
hepatocyte growth factor receptor and the LRP, are all synthesized as a proform and converted to the mature
produced as single chain proreceptors (precursors) thatreceptor by cleavage of a 44 amino acid propeptide. The
are converted by furin into one- and oneB-subunit,  following experiments were designed to confirm this

which constitute the mature receptors (Komazfaal, mechanism and to elucidate the location and the mechan-
1993; Bravoet al, 1994; Willnowet al,, 1996a; Lehmann ism of the cleavage.

et al, 1998). Precursor cleavage does not directly involve

the ligand-binding sites of the receptors, and the precursorsThe sortilin precursor is cleaved during or after

of the hepatocyte growth factor receptor and LRP both passage through the TGN

seem to exhibit almost normal functional activity. To establish that a truncation had taken place during
The present study was undertaken to establish theprocessing, the CHO transfectants were biolabelled, and

mechanism and location of prosortilin cleavage and to s-sortilin secreted into the medium or contained in the

determine if the truncation influences the ligand binding cell lysates was immunoprecipitated. In parallel, s-sortilin

of sortilin. was precipitated from labelled transfectants cultured in
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Fig. 3. Deglycosylation of s-sortilin. The figure shows an analysis of
biolabelled s-sortilin produced in transfected CHO-K1 cells. Sortilin
36 — was immunoprecipitated from lysates of brefeldin A-treated cells
= b (lanes 1-4), and from lysates (lanes 5-8) and medium (lanes 9-12) of
1 2 3 4 5 6 untreated cells. The precipitated protein subsequently was incubated
. - (18 h, 30°C) without glycosidase (lanes 1, 5 and 9) or in the presence
PNGase-F - At s ok o & of either PNGase-F (lanes 2, 6 and 10), neuraminidase (lanes 3, 7 and

11) or Endo-H (lanes 4, 8 and 12).
Fig. 2. Soluble sortilin minireceptor (s-sortilin) in transfected cells.
CHO-K1 cells, stably transfected with soluble sortilin (s-sortilin), were
biolabelled with Pro-mix in cysteine and methionine-free medium.
After 4 h, the medium was recovered and the cells were washed and
lysed in lysis buffer containing proteinase inhibitors. Sortilin was
immunoprecipitated from the medium (lanes 1 and 2) and from lysates s
of cells cultured in the presence (lanes 3 and 4) or absence (lanes 5 — - R ——
and 6) of brefeldin A. The precipitates were analysed by SDS-PAGE i
before and after treatment with PNGase-F. An autoradiograph of an
8% polyacrylamide PPO-impregnated gel is shown. Medium from
brefeldin A-treated cells contained no s-sortilin and is not included.

A - B Endo-H

C PNGase-F D Neuraminidase

the presence af brefeldin A, a drug that retains newly
synthesized proteins in the ER and prevents their secretion
(Misumi et al, 1986). Figure 2 shows an SDS-PAGE el - - .-
analysis of the precipitates and, as can be seen from the g a
migration pattern, the truncated receptor obtained from
the medium (lane 1) presents a similar or higher molecular

weight than each of the two cellular species (lanes 3 and 0 30 60 180 0 30 60 180
5). Further analysis showed that this apparent paradox is
accounted for by differential glycosylation. Thus, after Chase time (minutes)

removal of sugars byN-glycosidase-F (PNGase-F), s-
sortilin from the medium (Figure 2, lane 2) migrates in Fig. 4. Deglycosylation and cleavage of stably expressed full-length
aCCOrgaNCe Wi & e g 8 K oW i s U e, e o 210
that of deglycosylated receptors originating from cell Altotﬁeeindicated tir?]es, cells were lysed in the r’Jresenc?e of EDTA and
lysates (lanes 4 and 6). The results demonstrate t_hatproteinase inhibitors. Sortilin, either untreated or after overnight
secreted s-sortilin is truncated, whereas cellular s-sortilin incubation with Endo-H, PNGase-F or neuraminidase, was then
represents uncleaved proforms. It follows that conversion immunoprecipitated and analysed by 8% SDS-PAGE.
of pro-s-sortilin is likely to take place immediately before
its exit from the cell. length sortilin (fl-sortilin). Figure 4 shows an experiment
To determine further the site of conversion, the glycosyl- in which the cells were biolabelled ifol h and then
ation of s-sortilin was also analysed using Endo-H and subjecteda a 3 hchase. At the times indicated, the cells
neuraminidase. The results in Figure 3 demonstrate thatwere lysed and, after treatment with the given glycosidase,
each of the two cellular species, from brefeldin A- immunoprecipitated fl-sortilin was analysed by reducing
treated and untreated cells, were sensitive to Endo-H, butSDS—-PAGE. It appears from Figure 4C and D that
insensitive to treatment with neuraminidase. In contrast, propeptide cleavage of fl-sortilin coincides with the
the secreted receptor isolated from medium was much acquisition of sialic acids, i.e. an increased sensitivity to
less sensitive to Endo-H (Figure 3, lane 12 versus lanesneuraminidase. Moreover, as only half of the receptor
4 and 8), but clearly presents a shift in electrophoretic population has been cleaved at a point when Endo-H
mobility upon incubation with neuraminidase (lane 11 resistance is complete (Figure 4B and C, 60 min), cleavage
versus lanes 3 and 7), signifying a loss of sialic acids.  occurs after the acquisition of Endo-H resistance.
Results were similar in CHO cells transfected with full- The results above establish that sortilin is synthesized
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Cell- Cells Medium A Cells Medium
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Fig. 5. Cleavage of s-sortilin by furin. Sortilin, expressed in cell-free

medium (lanes 1 and 2) or present in the medium (lanes 7 and 8) and B C
lysates (lanes 3-6) of biolabelled cultures of stably transfected CHO-

K1 cells, was reacted with furin (2 h, 37°C) in aTacontaining

phosphate buffer or incubated under similar conditions in the absence Uncleaved
of furin. For sortilin samples originating from cell-free expression, RAP- ki
incubation with furin was stopped by addition of reducing SDS sample proform _ —
buffer. Reactions involving sortilin produced in cells were stopped by Sortilin ; _ R gd
addition of 10 mM EDTA, followed by immunoprecipitation of sortilin )
and resuspension in sample buffer. The samples were loaded onto an Cleaved anli-
8% polyacrylamide gel and bands were visualized by autoradiography mature form sort.
of PPO-impregnated gels. ?
RAP =k ¥ -
Anti-sortilin + . + Brefeldin A

and leaves the ER as a proform, which is converted to

the mature receptor by processing in late Golgi compart- Fig. 6. (A) Precipitation of secreted and intracellular s-sortilin by RAP

ments (the TGN) and perhaps in post-Golgi vesicles. beads and anti-sortilin antibody. CHO-K1 cells expressing s-sortilin
The sequence immediately preceding the sortilin cleay- Were biolabelled in the absence or presence of brefeldin. Following

. 1 44. . 4 h of incubation, the culture medium was harvested and the cells
age site (R XRR™, Figure 1) constitutes a consensus were lysed in lysis buffer containing EDTA and proteinase inhibitors.

sequence for cleavage by the ubiquitous proprotein con-The recovered medium and the cell lysate were supplemented with
vertase furin, which resides in both the TGN and constitu- lysis buffer and fresh medium, respectively, giving a similar

tive secretory vesicles, the site for conversion of composition of medium and Iys!s buffer (0.1% Triton X-100) in both
prosortilin. Since initial experiments demonstrated that z‘?‘mples' After pre-clearance with blank Sepharose beads, RAP-

o . . indable protein was precipitated by overnight incubation with RAP—
pro-s-sortilin translated in cell-free medium was at least sepharose beads (4°C), and unbound RAP subsequently was
partially cleaved upon co-incubation with recombinant precipitated by immunoprecipitation8) RAP selectively binds
furin (Figure 5, lanes 1 and 2), we next examined the cleaved sortilin. Biolabelled CHO-K1 cells were lysed and the medium
outcome of co-incubations between furin and the three Waz.reco"e(’fd- T.lhe cell 'ynge s then ”?ix.ed.""i”t‘)the 9”9"‘?".'

- e : medium and sortilin was subjected to precipitation by anti-sortilin
species of s-sortilin isolated from Iysa_'tes ,and medium of beads (lane 1) or by first RAP beads (Fl)ane pZ) and then anti-sortilin
CHO transfectants. As expected, furin did not alter the peads (lane 3). The precipitated protein was analysed by SDS—8%
electrophoretic mobility of secreted s-sortilin (Figure 5, PAGE and the PPO-impregnated gel was exposed to film at -80°C.
lanes 7 and 8), S|gn|fy|ng that the fu”y processed receptor © Binding‘ of full-length sortilin. Full-length s_ortilin was st_ably .
is not subject to additional cleavage. In contrast, s-sortilin €XPressed in CHO-K1 celis. The cells were biolabelled using ProMix

. ' ! and a medium without methionine. Aftd h of labelling, the medium
from lysates of brefeldin A-treated as well as untreated \yas recovered, and the cells were washed in a balanced salt solution
cells was completely converted to faster migrating species and lysed in lysis buffer containing EDTA and proteinase inhibitors.
by furin (Figure 5, lanes 3_6)_ Sortilin was precipitated from the lysate by incubation with first RAP

beads (upper panel, lane 2) and then anti-sortilin beads (lower panel,

P tide el licits fi 4 1l d lane 2), and analysed by SDS—PAGE. Similar results obtained in cells
ropeptide cleavage elicits functional ligan labelled in the presence of brefeldin A are shown in the left lanes (1).

bindipg The gel (8%) was treated with PPO and exposed to film at 80°C.
Despite the fact that cells hold pro- as well as mature

sortilin, purified sortilin prepared from tissues by RAP
affinity chromatography did not contain detectable prore- by reducing PAGE (Figure 6A) and, as determined by
ceptor. The following experiments were therefore carried densitometry, ~84% of the secreted s-sortilin bound RAP
out to determine if ligand binding depends on proreceptor (lanes 6 and 8). In contrast,;8% of the receptors contained
cleavage. in the cell lysates were RAP bindable, i.e. ~7.7% in
Figure 6A shows an experiment with biolabelled s- brefeldin A-treated (Figure 6A, lanes 1 and 3) and ~7.6%
sortilin from cultures of CHO transfectants. After labelling, in untreated cells (lanes 2 and 4). To ensure equal
the content of RAP-binding s-sortilin in the medium and binding conditions for secreted and cellular s-sortilin, we
lysates was assayed by precipitation with RAP affinity performed an additional experiment in which medium
beads. Unbound sortilin was quantified subsequently by containing cleaved receptor and cell lysate containing
immunoprecipitation using anti-sortilin antibody and proreceptor were mixed prior to precipitation by RAP or
GammaBind G beads. The precipitates were analysedantibodies. The precipitated protein was treated with
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s-sortilin s-sortilin Brefeldin A - - + +
sml ¢ sm2 sml ¢ sm2
Furin - + = +
e T
RAP-
RAP-beads Anti-sortilin beads Lol ~—

Fig. 7. Precipitation of soluble mutant receptors and s-sortilin by RAP
beads and antibodies. CHO-K1 transfectants expressing the mutant
sm2-sortilin (lanes 1 and 3) or s-sortilin (lanes 2 and 4) were
biolabelled and the secreted minireceptors were precipitated from the
medium by incubation with RAP beads. Receptors not bound by RAP
subsequently were precipitated using anti-sortilin antibodies. The
precipitates were analysed by reducing SDS-8% PAGE. The figure
shows an autoradiography of a diphenyloxazole-fluorographed gel.

anti- ‘ - -
PNGase-F to allow electrophoretic distinction between sort.
cleaved and uncleaved s-sortilin. Figure 6B shows that
although the mixture contained both types of s-sortilin
(lane 1), only the cleaved, ‘fast’ form receptor was
precipitated with RAP beads (lanes 2) whereas the ‘slow’ 1 2 3 4
forr_n rer.n.amed. in the medium and was precipitated by Fig. 8. Induction of RAP binding by furin-mediated cleavage.
anti-sortilin antibody (lane 3). ) . Transfected CHO-K1 cells were labelled in the presence (lanes 3 and
Results were qualitatively similar using cells expressing 4) or absence (lanes 1 and 2) of brefeldin A and subsequently lysed in
fl-sortilin (Figure 6C). Under normal culture conditions, 1% Triton X-114 phosphate buffer containing EDTA. Following
a significant fraction of the full-length receptor pool bound Zﬁgzreayv‘;”s ‘;Lt;‘;e%gﬁ{e%h&stﬁ fergr’:‘e :h5en(:§/|te|£§|]3e-|[]pt\ %’;";‘]22 {h:nté“g)egr
RAP (Figure 6C, lane 2) but in cultures subjected 0 |in> mm c#* and furin (lanes 2 and 4). Afte h at37°C, and
brefeldin A, preventing access to TGN and cleavage, pre-clearance with blank beads, RAP-bindable sortilin was precipitated
bindable receptors were not produced (lane 1). by incubation with RAP beads. Finally, the remaining unbound RAP
The involvement of the furin consensus sequence site was immunoprecipitated. An autoradiograph of a PPO-impregnated 8%
in the cleavage of prosortilin and the subsequent binding 9€' 'S Shown.
of ligand to sortilin finally was probed. Two mutant
constructs of s-sortilin (Figure 1) were generated and from the detergent. The buffer phase containing cellular
expressed in CHO cells. In each mutant, two of the four s-sortilin was then supplemented with Casplit in two
residues R'WRR* constituting the consensus site for and, prior to incubation, furin was added to only one of
furin-mediated cleavage were substituted by either glycine the samples. Afte2 h at37°C, sortilin was finally isolated
or alanine, i.e. #WRA* and R'WGG* (sm2- and sm1-  using sequential precipitation with RAP beads and anti-
sortilin, respectively). The constructs were expressed in sortilin beads. The outcome in terms of RAP binding and
CHO cells and, in accordance with the disruption of their conversion is depicted in Figure 8. The figure shows that
furin target site sequence, both mutant proteins were untreated cellular s-sortilin, in agreement with the above
secreted as uncleaved proforms, detectable with anti-findings, constitutes uncleaved proreceptor with little or
propeptide antibody and with a sligthly retarded electro- no binding activity (Figure 8, lanes 1 and 3, upper
phoretic migration compared with s-sortilin. Precipitation compared with lower panels). It further demonstrates that
of the secreted biolabelled minireceptors by RAP beads the situation changes completely upon incubation with
confirmed the propeptide-mediated inhibition of ligand furin. The s-sortilin has now been almost completely
binding inasmuch as the mutant receptors, in particular converted to its cleaved form (Figure 8, lane 1 and 3
sm2-sortilin, had a much lower affinity for RAP than did compared with lanes 2 and 4, respectively), and the RAP-
s-sortilin (Figure 7). As judged by densitometry3% of binding activity has increased many fold, as also evidenced
the mutant receptors were bound by RAP, in contrast to by the depletion of sortilin left for immunoprecipitation.
>90% of s-sortilin. It is noteworthy, however, that the It can be concluded that propeptide cleavage is necessary
sml-sortilin persistently bound better to the RAP beads and sufficient for activation of RAP binding in sortilin.
than did the sm2-mutant, suggesting that the propeptideThis is interesting since RAP is considered to bind and
cleavage site sequence might also be part of a structuralchaperone at least some of its target receptors in the early
element that conditions a close contact between the propepsecretory pathway (Bu and Schwartz, 1998; Willnow,
tide and its binding site in prosortilin. 1998). A similar role for RAP in the processing of
The findings establish that the*®RVRR** sequence is  sortilin seemed unlikely in view of the finding that newly
a target site for cleavage and that only converted sortilin synthesized sortilin is a proreceptor incapable of ligand
exhibits significant RAP-binding activity. binding. To clarify this, we examined and compared the
The question was then if cleavager sewas enough  sortilin expression in brain and testes of six normal and
to induce binding activity. To test this, CHO transfectants six RAP knockout mice and found that in terms of Western
were biolabelled and, after lysis in a calcium-free 1% blotting and densitometry, the level of detectable sortilin
Triton X-114 buffer at 4°C, the buffer phase was separated per mg of tissue differed by<5% in the two groups.
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Fig. 9. Binding of GST—propeptide to purified s-sortilin. The GST- Time (S)
(sortilin)propeptide binding to sortilin was measured_ using surface
plasmon resonance analysis. For screeninglixf a given sample Fig. 10. Binding of RAP and GST—propeptide is inhibited by purified
were injected (§ul/min) over flow cells carrying s-sortilinA) Surface propeptide. Binding to immobilized sortilin was assayed by surface
plasmon resonance sensorgrams obtained at pH 7.4 with various plasmon resonance as described in the legend to Figure) Biading
concentrations of GST—propeptide and GSH) $urface plasmon of 0.5uM RAP and of the sortilin propeptide (042Vl) released from
resonance sensorgrams ofibl GST—propeptide binding at pH 7.4 the GST by thrombin-mediated cleavage of the fusion protein. The
and 5, and the response obtained withM GST at pH 5. All curves black sensorgram shows the surface plasmon resonance in response to

represent the response after subtraction of non-specific binding, which combined binding of 0.5tIM RAP and 0.2uM propeptide.
was determined as binding to a non-coated flow cell that had been (B) Binding of 0.5uM GST—propeptide and 0.2M propeptide, and
activated and blocked. the response to their combined binding.

Moreover, transfection of RAP knockout cells resulted in ~ When GST—propeptide binding was probed under condi-
secretion of fully processed s-sortilin (not shown). These tions that ensured saturation of all RAP-binding sites prior
results suggest that RAP is not a molecular chaperoneto the assay, no additional response was seen, suggesting
for sortilin. that the two ligands were mutually inhibitive and bound
to the same segment. This was explored further using
The sortilin propeptide inhibits binding of RAP and propeptide (without GST) for inhibition of RAP. This is
neurotensin a more informative approach, since the propeptide, owing
To understand why prosortilin binds ligand poorly, the to its comparatively low molecular weight, induces a
sortilin propeptide was expressed as a GST fusion proteinresonance response that differs significantly from that of
and its binding capacity was assayed by surface plasmonRAP. Figure 10A shows that in terms of response units,
resonance using a sensor chip coated with RAP affinity- the binding of 0.5uM RAP is easily distinguished from
purified s-sortilin. As demonstrated in Figure 9A, the the binding of 0.2uM of propeptide. It follows that the
GST—propeptide fusion protein binds to s-sortilin, as intermediate response resulting from simultaneous binding
opposed to control GST without propeptide. Binding is at 0.5uM RAP and 0.2uM propeptide (Figure 10A) is a
reversible, pH dependent (Figure 9B) and presents anclear indication of a reduced contribution by RAP. GST-
estimatedK, in the region of 40 nM at pH 7.4, i.e. very propeptide binding at 0.pM was similarly affected by
similar to that previously determined for RAP. Experiments 0.2 uM free propeptide (Figure 10B).
performed with free propeptide after removal of GST gave  Sortilin recently has been identified as a receptor for
similar results, although propeptide on its own bound with the 13 amino acid neuropeptide neurotensin (Mazella
a somewhat higher affinityK; ~20-30 nM). Stoichi- et al, 1998). Neurotensin bound to immobilized sortilin
ometric analysis performed at saturating ligand concentra- with high affinity (estimatedy <20 nM) but, owing to
tions evidenced binding of ~0.5 mol of GST—propeptide its small size, the resonance response was low. However,
per mole of sortilin, indicating that sortilin interacts with its binding to sortilin is clearly demonstrated by its
its propeptide via a single site. potent inhibition of the association between RAP and
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by cleavage and release of a 44 amino acid N-terminal
propeptide in the TGN or in post-TGN vesicles. Furin is
abundant in these compartments and, since cleavage of
prosortilin is pre-conditioned by a consensus sequence
that is cleaved readily by furim vitro, furin must be the
main enzyme responsible for the processing. However, as
the PCs of the subtilisin/Kex2-like family have overlapping
substrate specificities, itis likely that other family members
contribute to the conversioim vivo. Our findings further
establish that the isolated propeptide binds to mature
sortilin in a pH-sensitive manner and that it competes
with external ligands for binding.

400
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200 -
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+20 pM NT
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Sortilin is the first example of a receptor activated

by furin cleavage

Proteolytic cleavage is a common event in protein pro-
cessing, and the Kex2-like PCs are important participants
(Nakayama, 1997; Seidah and Ciea, 1997). Along
with PC 7, furin is the most widespread of the PCs and
cleaves a large number of precursor proteins, including a
few type-1 proreceptors. Furin itself is synthesized as a
transmembrane proform and is converted to the active
enzyme by self-mediated cleavage (Andersbal., 1997).

As in sortilin, this results in release of an N-terminal
propeptide and exposure of the active site. In contrast, the
cleavage of sortilin and its functional implications differ
markedly from cleavage of other proreceptors targeted by
furin, e.g. the insulin and the insulin-like growth factor-1
receptors, the hepatocyte growth factor receptor and the
LRP (Ulrich et al, 1986; Market al., 1992; Bravoet al,
1994; Willnowet al, 1996a). In these receptors, cleavage
of the precursor proteins serves to generate the subunits
that constitute the mature two-chain receptors and does
not directly involve exposure of sites for ligand binding.
immobilized sortilin (Figure 11A). Thus, an equimolar Thus, the proforms of the insulin receptor, the hepatocyte
amount of neurotensin produces a significant inhibition of growth factor receptor and the LRP are all capable
RAP binding and, at a 40-fold excess of neurotensin, RAP of ligand binding, and major dysfunction of uncleaved
binding is reduced to 10-20%. In control experiments, receptors, as seen with the insulin-like growth factor-1
neurotensin did not inhibit RAP binding to the LRP, a receptor, most likely results from a general malconform-
RAP-binding member of the LDLR family, also suggesting ation (Market al,, 1992; Sugibayastat al., 1992; Komada
that interaction between RAP and neurotensin did not et al, 1993; Willnow et al, 1996a; Lehmanret al,
account for the reduced RAP binding to sortilin in the 1998). Thus, sortilin is the first example of furin-mediated
presence of neurotensin. We finally examined if neuroten- receptor activation. However, the mechanism may be
sin interfered with the binding between immobilized shared by the receptors sorLA (Jacobssnal, 1996;
sortilin and its propeptide, as would seem likely since Yamazakiet al, 1996) and sorCS (Hermest al., 1998)
neurotensin as well as the propeptide inhibits binding of which both have Vps10p domains containing furin con-
RAP. The analysis of binding in the absence and presencesensus cleavage sites.

of neurotensin is shown in Figure 11B. It can be deduced Activation of sortilin also has an outcome different

5 M GST-propeptide

1000 1

500

Response Units

|
0 Luind oL NNT

0 500 1000

Fig. 11. Neurotensin inhibits RAP and GST—propeptide binding to
s-sortilin. The sensorgrams display the plasmon resonance response
obtained from A) RAP and B) GST—propeptide binding at pH 7.4 to
immobilized s-sortilin in unsupplemented buffer and in the presence of
neurotensin (NT).

from the sensorgrams that 20M neurotensin almost
completely abolished binding of EM propeptide, and

from cleavage of mammalian proreceptors not targeted by
furin. For instance, cleavage of the thyroid-stimulating

even a modest concentration of the neuropeptide causechormone (TSH) proreceptor serves to generatexthand

a significant reduction in responsive units (not shown).

the B-chain of the mature receptor (Couet al., 1996).

It can be concluded that the sortilin propeptide and the Other examples are the thrombin receptor and the pro-
sortilin ligands neurotensin and RAP bind to the same or teinase-activated receptor-2 that are cleaved at the cell
overlapping sites on the luminal domain of the fully surface. These seven-transmembrane domain receptors
processed receptor. The propeptide therefore appears t@ach contain a concealed functional site which is exposed
provide a steric hindrance, preventing the ligands from upon N-terminal cleavage of the proreceptors. However,
gaining access to the binding site in uncleaved prosortilin. unlike in sortilin, the functional sites do not bind external
ligands but an intrinsic tethered ligand which irreversibly
activates and downregulates the receptor éval., 1991,
Bohmet al, 1996). It seems that the closest similarity to
We show that sortilin is synthesized as a proreceptor the mechanism of sortilin activation involves a 75 kDa
which is converted to the mature ligand-binding receptor type-1 plant membrane (PV75) recently isolated from

Discussion

601



C.Munck Petersen et al.

pumpkin. Like sortilin, PV75 contains a site which binds studies should show whether sortilin is present in those
the propeptide and which is therefore inaccessible in the vesicles. It will also be interesting to see if sortilin binds

uncleaved proreceptor. Interestingly, PV75 and the relatedthe neurotensin precursor and provides its trafficking to
PV80 are both putative sorting receptors (Shimada the secretory vesicles. The surface expression of sortilin

et al, 1997). is basically low and, once secreted, neurotensin binds
mainly to the G-protein-coupled neurotensin receptors

Putative importance of receptor activation in the NT1 and NT2. However, following neurotensin-mediated

TGN down-regulation of the NT1 and NT2 receptors, sortilin

Our results suggest that the propeptide, while still attachedis translocated to the cell surface where it most likely
to sortilin, can bind to a site downstream in the Vps10p scavenges neurotensin, as suggested by Maztllal.
domain and thereby prevent binding of other ligands. (1998). In all probability, uptake and degradation mediated
Alternatively, it cannot be excluded that the cleavpge by sortilin are part of the mechanism that terminates
se uncovers a concealed site for binding of isolated neurotensin signalling.

propeptide as well as external ligands. In either case, In conclusion, sortilin is activated by cleavage in the
sortilin appears incapable of binding ligands to the Vps10p TGN and by the ensuing release of a propeptide that
domain until it reaches compartments for furin-mediated prevents premature binding of ligands to the receptor, a
cleavage and subsequent (acid-assisted) dissociation andhechanism that may serve to protect the proreceptor
clearance of propeptide. What is the reason for this during processing in the early secretory pathway.
inhibitory device in the early secretory pathway?

One possibility is that sortilin is a multifunctional
receptor like members of the LDLR family. In fact, we
have data to support this hypothesis since lipoprotein RAP antibodies and Western blotting
lipase binds to active sortilin with an affinity similar to Recombinant RAP was expressedEscherichia coliand coupled to
its affinity for binding to LRP (M.S.Nielseret al, in CNBr-activated Sepharose 4B (Pharmacia) as previously described

X . . I . (Petersemt al,, 1996). The soluble luminal domain of sortilin expressed in
preparation). It is conceivable that the sortilin propeptide CHO-K1 cells (see below) was purified by RAP affinity chromatography

functions to ) pr(_)hibit receptor aggregation provoked b_y (Tauriset al, 1998) and used for generation of an anti-sortilin antibodly.
premature binding of ligands in the ER and early Golgi. The Ig fraction was purified from rabbit serum using protein A-Sepharose
In the case of the multifunctional receptors gp330/megalin fﬂ‘d kep_tl_at a StOCk_(Cjonce“tfation of ~j—(5"\lm9/ml- Antigodiets) recoglgizing )
; ; ; : the sortilin propeptide were generated (Neosystem, Strasbourg, France
f”‘”d LR.P’ which have no pro_peptlde, th|§ type of protection using a synthetic peptide (PRWSGPIGVSWGLR) based on a sequence
is provided b_y the ER-resident protein RAP, and_ RAP (residues B-R28) in the N-terminus of uncleaved sortilin. Immunoblot-
knockout seriously reduces LRP expression (Willnow ting was performed as described elsewhere (Petesah, 1997). The
et al, 1995, 1996b). Thus, the sortilin propeptide and RAP knockout mice and fibroblasts have been described by Willnow
RAP may serve the same purpose and our finding that et al. (1996b). To obtain extracts from mouse tissues, tissue samples
. ! A were homogenized at 4°C in a 1% Triton X-100 buffer containing
RAP_ a”O_' the propeptide cross-compete fpr b'”d'r?g to 10 mM EDTA, 1 mM phenylmethylsulfonyl fluoride (PMSF) and
sortilin might reflect a common theme. n th?” recognition 10 ug/iml Pefabloc (Boehringer, Mannheim, Germany) and, prior to
of the receptor. On the other hand, it is unlikely that RAP Western blotting, the total protein concentration was determined using
would be of any physiological importance to sortilin since @ kit from Sigma (BCA-1, St Louis, MO).
it does not reach the TGN and, therefore, is unlikely to . .
t activated sortilin. The notion that RAP does not Constructs for eukaryotic expression ; ;
meet ac i : o The fl-sortilin construct was generated by inserting dba—Sma
chaperone sortilin is in agreement with the finding that fragment (Figure 1) from the original library vector (pBK-CMV:
sortilin expression remains unchanged in RAP knockout Stratagene, La Jolla, CA) into the pCDNA3.1/Zeo(-) vector from
mice. Invitrogen (Carlsbad, CA). The construct encoding the soluble mini-

. i, . . . receptor (s-sortilin) comprising the N-terminal luminal domain (residues

Onc.e activated, Sort.lllln may ConﬁaCt lItS ligands 'g the M-33529, and including a C-terminal Histag, was expressed in the
TGN: In secretory vesicles or on the plasma membrane. ,cpNA3.1/Zeo(-) vector by sequentially inserting C- and N-terminal
It is interesting that sortilin is co-localized with CI-M6PR,  cDNA fragments separated by tBsfE| restriction site at position 2265.
presumably due to the homologous segments in theirfTTle C-(tjetr)migal d?main,tvh\gﬁdPCﬁ-amﬂpliﬁﬁd usinﬁ_ prirfners Slt and S2
cytoplasmic tails (Peterseet al, 1997). In adipocytes,  '0lowed by digestion wi and Not. The resulling fragment was
tﬁ/i Fi)n lud -I( lization in vesi ? ntpiniz th inserted into the pCDNA3.1/Zeo(-) vector. The N-termiXal—-BsfEl

S Includes co-localizatio esicles _CO a ! g the fragment was then inserted into tiéba—BspEl-digested vector con-
glucose transporter Glut4 as well as insulin-induced taining the C-terminal Histagged fragment.
recruitment of the two receptors to the plasma membrane Soluble mutant migireqeptorslwere generated by alteqng the:1 furin
(Morris et al, 1998). This suggests that sortilin, like ClI-  fleayage site #S%R‘; toeitrer vaggﬁo(csfgjﬁ}zozmlorfgsgﬁ )
M6PR, may function both as a sorting receptor In the high content of GC bases at thé é&nd of the sortilin chA rendered
TGN, Where most of the receptors are located, and as anconventional PCR impossible. The problem was circumvented by cloning
endocytic receptor on the plasma membrane. Within this the Not-Hindlll fragment spanning positions 206-903 into the
framework, activation of sortilin at the sorting starting pBluescript vector and using a PCR kit (Advantage-GC) from Clontech
point seems Iogical, whereas the CI-M6PR needs no (Palo Alto, CA) designed for amplifying DNA with high GC content.

L . , 6-0h h d i d Overlapping 5 and 3 PCR fragments were amplified from the
activation since its mannose 6-phosphate-tagged ligan SpBIuescriptconstruct, using the mutated and appropriate flanking primers

are unavailable till late in the synthetic pathway. (see below). The primary fragments were separated in low melting
At present we have no evidence for sortilin-mediated agarose and PCR ligated, using the flanking primers. The resulting PCR
sorting events in the TGN. Neurotensin so far is the only fragments were digested wititot and Hpal, and the wild-type and the

H .- . . . mutated fragments were exchanged in the pCDNA3.1/Zeo(-) vector
established sortilin ligand, and its generation from the carrying the fl-sortilin cDNA and sequenced to confirm the mutations.

nel{rOt?nSin precursor depends on PCs that are activerne 5-mutatedXba—Hpal fragments from the full-length constructs
mainly in post-TGN vesicles (Barbeetal, 1998). Further finally were transferred to the soluble sortilin construct. Figure 1 shows

Materials and methods
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a schematic presentation of the expression products and a map of SDS-PAGE, and diphenyloxazole-fluorographed gels were exposed

restriction sites in the sortilin cDNA. Primers used were: for the s-
sortilin construct, CGCCTCGAGCTGGCACACCCACAGACC (2101-
2116, S1) and GCGCGGCCGGCCTAATGATGATGATGATGATGAG-
AATTTGACTTGGAAT (2279-2295, S2); for sml-sortilin, CGTTGG-
GGTGGCAGCGC (241-257, '5fragnent) and GCGCTGCCACCC-
CAACG (241-257, 3fragment); for sm2-sortilin, GCTGCCACGCCA-
AGCGCCGC (236-255,'5fragment) and GCTTGGCGTGGCAGCGC
(241-257, 3fragment); and flanking primers, TTCGCAAAATCTGATG-
ATCTG (616-635, downstream) and CCAAGCTCGAAATTAA CCCT-
CACT (upstream pBluescript).

Cells and transfection

All transfections were carried out using CHO-K1 cells and RAP knockout
mouse fibroblasts kindly provided by Dr T.Willnow (Max-Defloku
Center for Molecular Medicine, Berlin). CHO cells were cultured in
serum-free HyQ-CCM5 CHO medium (HyClone, Logan, UT), and the
mouse fibroblasts in minimum essential medium with Ultraglutamine
and 10% fetal calf serum (FCS).

The pcDNA/Zeo(-) constructs, containing full-length sortilin and
soluble minireceptors, were transfected into CHO cells and RAP knockout
cells using DC-Chol (Gao and Huang, 1991). For selection of stable
transfectants, the cells were cultured in medium containing B0
zeocin per ml (Invitrogen, Faraday, CA) and cloned. Positive clones
were identified by immunocytochemistry and/or by Western blotting
performed on culture medium and/or cell lysates.

Propeptide expression

For E.coli expression, the sortilin propeptide (residue$-R#*) was
PCR-amplified using an upstream primer including a factor X consensus
cleavage sequence. FollowiBgnHI andHindlll digestion, the resulting
fragment was cloned and inserted into the pT7-PL vector (Christensen
et al, 1991) and expressed as a N-terminalgHiission protein. However,

as yields were low, thBanmHI-EcadRI fragment encoding the propeptide
was moved from pT7-PL into the pGEX4T-1 vector (Pharmacia) con-
taining a thrombin cleavage site. The primers used were: CACGGAT-
CCATCGAGGGTAGGCAGGACCGG (121-134,"sand CACAAG-
CTTAGCGACGCCAACG (241-252,'3 The construct was expressed

in bacterial strain BL21(DE3) and purified by affinity chromatography

at —70°C.

Furin-mediated cleavage

In vitro translation of soluble sortilin, using a kit from Promega (Madison,
WI), was performed for 30 min at 30°C in a reaction mixture contain-
ing 5 pl of erythrocyte lysate, 0.4l of reaction buffer, 0.25ul of
RNA guard, 0.8ul of Pro-mix, 0.25ul of T7 polymerase, 1.5l
(0.25 mg/ml) of DNA and 0.5% of water. Twopl of diluted reaction
mixture (1:5 in phosphate-buffered saline; PBS) were supplemented with
2 pl of PBS, 0.2pl of 10 mM CaCh, 0.2 ul of 2 mM DTT and 1pl

(~1 V) of recombinant furin (Alexis, San Diego, CA) and incubated at
37°C for 1 h. The reaction was stopped by addition of reducing SDS
sample buffer, and aliquots were analysed by SDS—-PAGE.

For cleavage of cellular sortilin, CHO-K1 cells expressing s-sortilin
were biolabelled as described above. The cells were then washed in BSS
and lysed in 1% Triton X-114 phosphate buffer pH 7.4 (5 min at 4°C)
and, after heating the lysate (30°C), the buffer and the detergent phases
were separated by centrifugation. The buffer phase (IQontaining
s-sortilin, was supplemented with 30 of 20 mM EDTA, or a similar
volume of 10 mM CA&" containing ~10 U of furin, and incubated for
2 h at 37°C. Following incubation, medium and Triton X-100 lysis
buffer were added to a final volume of 8Q0 (0.1% detergent) and
s-sortilin was either immunoprecipitated or precipitated with RAP—
Sepharose beads as described above.

Analysis of glycosylation

Biolabelled sortilin, full-length receptor or s-sortilin was precipitated
from cell lysates or medium using anti-sortilin |g and GammaBind G
beads. For treatment with PNGase-F, washed beads were heated (95°C,
3 min) in 10 pl of 1% SDS, heated again after addition of PDof

20 mM NaH,PQ,, 10 mM EDTA, 10 mM Na-azide, 0.5% Triton X-100

pH 7.2, and finally cooled before addition of 0.5 U of PNGase-F.
Alternatively, beads were resuspended in 20 mM Na-citrate, 2 mM
CaCb, 150 mM NaCl, pH 6.0 containing 0.01 U of neuraminidase, or
in 50 mM phosphate, 0.01% SDY M mercaptoethanol, pH 5.5
containing 4 mU of endoglycosidase H (Endo-H). After overnight
incubation at 30°C, reactions were stopped by addition of an equal
volume of reducing SDS sample buffer, and the samples were analysed by

on a glutathione—agarose column (Pharmacia). The fusion product was SDS—PAGE and autoradiography. All glycosidases were from Boehringer.
cleaved with thrombin (Sigma) and the released propeptide was separated

from GST and residual fusion product using centricon-10 (Amicon,
Beverly, MA) and concentrated using centricon-3.

Metabolic labelling and affinity precipitation

Transfected cells, expressing various constructs of sortilin, were cultured
in Nunclone Multidishes (Nunc, Roskilde, Denmark). At ~80% conflu-
ency, the cells were washed twice in Tris/balanced salt solution pH 7.5
(BSS) and incubated for 10 min in modified Eagle’s medium without
cysteine and methionine (Sigma Chemical Co., St Louis, MO) before
biolabelling in the same medium (200-5Q0/well). Labelling was
performed in the absence or presence ofugidml brefeldin A (Sigma)
using 200 uCi of L-[3®S]cysteine andL-[*°S]methionine per ml of
medium (Pro-mix; Amersham International, Buckinghamshire, UK). At
the end of the labelling period (1-3 h), the medium was harvested and
the cells were washed twice with BSS (4°C) and subsequently lysed for
10 min at 4°C in 1% Triton X-100 (20 mM Tris—HCI, 10 mM EDTA,
150 mM NaCl, pH 8.0) supplemented with a proteinase inhibitor cocktail
(CompleteMini; Boehringer, Mannheim, Germany). Alternatively, for

Biosensor measurements
The neuropeptide neurotensin (N6383) was from Sigma. All measure-
ments were performed on a BlAcore 2000 instrument (Biacore Sweden)
equipped with CM5 sensor chips maintained at 20°C. A continuous flow
of HBS buffer (10 mM HEPES pH 7.4, 3.4 mM EDTA, 150 mM NacCl,
0.005% surfactant P20) passing over the sensor surface was maintained
at 5 pl/min. The carboxylated dextran matrix of the sensor chip flow
cells 1-3 was activated by the injection of a solution containing 0.2 M
N-ethyl-N-(3-dimethylaminopropyl)carbodiimide and 0.05Nhydroxy-
succimide in water. A sortilin solution (32Ql, 5 pg/ml in 10 mM
sodium acetate pH 4.0) was then injected over flow cells 1 and 2 at a
flow rate of 15ul/min. Remaining binding sites in all three flow cells
were blocked by injection (ful/min) of 70 pl of 1 M ethanolamine
pH 8.5. The surface plasmon resonance signal from immobilized sortilin
generated 4419 and 6166 BlAcore response units (RU) equivalent to 49
and 69 fmol/mr.

Screening of the samples was performed by injecting aliquots of
50 ul, at concentrations of 0.148M, through all flow cells with a flow

chase experiments, the labelled cells were washed twice in BSS and'ate of 5ul/min. Unless otherwise stated, the samples were dissolved in

reincubated in unsupplemented 15% FCS full medium for 0—3 h before
lysis. Cell lysates (20Qu) were supplemented with 600l of BSS and

200 ul of medium, while 60Qul of BSS and 20Qul of lysis buffer were
added to the medium, prior to addition of 26 of anti-sortilin Ig and
incubation (4°C, 1 h). Precipitation was completed by addition ofit0

10 mM HEPES pH 7.4, 150 mM NacCl, 1.5 mM CaClL mM EGTA,
0.005% surfactant P20. Sample buffer was also used as running buffer.
The BlAcore response is expressed in relative response units (RU), i.e.
the difference in response between the immobilized protein flow cell
and the corresponding control flow cell (activated and blocked but

of GammaBind G-Sepharose beads (Pharmacia). The beads were washe@ithout protein). Regeneration of the sensor chip after each cycle of

five times in 1 ml of 0.05% Tween-20 BSS and either boiled for 2 min
in 100 pl of reducing sample buffer [L0 mM dithiothreitol (DTT), 2.5%
SDS] or resuspended for deglycosylation as described below.

For RAP binding, the cell lysate and the medium were diluted as
above and pre-incubated (4°C, 2 h) with b of uncoupled CNBr-

activated Sepharose 4B beads (Pharmacia) prior to incubation (4°C, 6 h)

analysis was performed by injecting @Dof 10 mM glycine/HCI pH 4.0,

500 mM NacCl, 20 mM EDTA and 0.005% surfactant P20. For calcium-

free conditions, HBS containing 20 mM EDTA was used as sample as
well as running buffer. Kinetic parameters were determined by using
the BlAevaluation 3.0 software.

with RAP-Sepharose beads coupled with recombinant RAP. The beadsAcknow|edgements

were washed five times in 0.05% Tween-20 before resuspension in
reducing SDS sample buffer. Finally, unbound sortilin was precipitated
from the supernatant using anti-sortilin and GammaBind G beads as
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