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ABSTRACT. The low-density lipoprotein receptor-related protein (LRP) is a large surface receptor that
mediates binding and internalization of a large number of structurally and functionally unrelated ligands.
The ligand binding sites are located in clusters of complement-type repeats (CR), where the general absence
of mutual binding competition suggests that different ligands map to distinct sites. Binding of
o-macroglobulin-protease complexes to the LRP is mediated by the receptor binding domain (RBD) of
o-macroglobulin ¢:M). To determine the major binding epitope(s) in the LRP, we generated a complete
set of tandem CR proteins spanning the second cluster of CR domains, and identified a binding site for
a2M in the N-terminal part of the cluster comprising CR3R6, using ligand blotting and surface plasmon
resonance (SPR) analysis. The specific site involvexbivi recognition resides in the fourth CR domain,
CR4, whereas another site is identified in CR5. An acidic epitope in CR4 is identified as important for
binding coM by mutagenesis and SPR analysis. The formation of the complex between the rat
oii-macroglobulin RBD and CR domain pairs is characterized by analytical size-exclusion chromatography,
which demonstrates a sufficiently strong interaction betweernilve RBD and CR34 or CR45 for the
isolation of a complex.

Humana,-macroglobulin ¢:M)?* is a tetrameric protease  of each subunit becomes expos2y &and thex,M —protease
inhibitor composed of four identical 180 kDa subunits, complex may then be endocytosed via thgV receptor
capable of inhibiting proteases of all known classes (reviewed pathway 8, 4). Reaction of the thiolester moiety with small
in ref 1). The native state af,M contains a surface-exposed nucleophiles, such as methylamine, induces a similar con-
peptide (the “bait region”) representing a recognition site formational change M, and results in the generation of
for multiple proteases. Upon cleavage of the bait regighl transformea,M (a2M*). The RBD of rata;-macroglobulin
undergoes a large conformational change leading to activa-(a;M) (residues 13191474) is also able to bind the receptor,
tion of an internaly-glutamyl$-cysteinyl thiolester bond.  with the same high affinity as the entire light chain from
The thiolester moiety is hereafter able to attack lysine cuM (5). The structure of the RBD froma;M has been
residues in the protease, leading to covalent attachment ofdetermined ¢, 7), and residues found by site-directed
the protease t@,M. As a consequence of the structural mutagenesis studies to be important for receptor binddng (
transformation ofx,M upon formation of the complex with  9) identify a unique surface-displayed-helix as being
the protease, the C-terminal receptor binding domain (RBD) important for receptor binding.

The low-density lipoprotein receptor-related protein (LRP)
" This work was supported by Grant 9901730 from the Danish Wwas cloned and found to be structurally and biochemically
National Science Research Council. similar to the low-density lipoprotein receptor (LDLR)Q)
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het@biobase.dk. Fax:-45 86 18 01 85. Telephone-45 86 20 20 00, and subsequently identified as thgM receptor 8, 4). The

8 Department of Medical Biochemistry. range of diverse macromolecular ligands from circulation.

1 Abbreviations: LRP, IOW-denSlty |Ip0pr0teln receptor-related Bes|dem M_ rotease com |exes Varlous || 0 rotelns and
protein; CR, complement-type repeat from LRP; RAP, receptor- 2 b P ' pop

associated proteing,M, as-macroglobulin (human)e,M*, methyl- Ilpoprotgln-contal_nlng particlesl(), protez_ises complexed _
amine-activatedooM; ouM, oa-macroglobulin (rat); RBD, receptor with various serpins, and unrelated proteins such as malaria
binding domain; LDLR, low-density lipoprotein receptor; EGF, epi-  circumsporozoite proteirl@), minor group human rhinovirus

dermal growth factor; APRj-amyloid precursor protein; SPR, surface _ ; i
plasmon resonance; LB, ligand binding repeat from LDLR; PAGE, (13), and thef-amyloid precursor protein (APPL4) may

polyacrylamide gel electrophoresis; U-@Rfusion protein containing be internaliged via the LRP. The physiolpgical importance
ubiquitin and CR domainsandy; TFPI, tissue factor pathway inhibitor. ~ of the LRP is further underscored by studies suggesting that
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the LRP and several of its ligands, in particular, apolipo-  Mutations were generated using the Quickchange kit
protein E (5) and APP {4), are involved in brain-specific  (Stratagene, La Jolla, CA) and pT7H6UbiIFXCR29)(as
cellular processes that affect the onset of Alzheimer’s diseasea template for mutagenesis. Mutagenesis primers were from

The processing of the LRP requires the presence of theDNA Technology A/S (Aarhus, Denmark). The initial
receptor-associated protein (RARJ, a folding chaperone  melting temperature of all primers used for mutagenesis was
that is a universal antagonist for all other ligand binding to designed to be at least 82, and mutation sites were located
the LRP (7). in the central region of the primers. All constructs were

The members of the receptor family, the LDLR-like verified by DNA sequencing using the Thermo Sequenase
receptors, are all mosaic proteins assembled from a varietyll dye terminater cycle sequencing kit (Amersham Pharmacia
of protein modules, including two classes of cysteine-rich Biotech Inc.).
small domains: the epidermal growth factor (EGF) repeat ['?8] a,M* Ligand Blotting. Radiolabeling ofoo,M* was
and the complement-type repeat (CR), also known as thecarried out as previously described0). Polyacrylamide gels
ligand-binding (LB) or class A repeat. Other characteristic (18%) were stained with Coomassie Brilliant Blue, or the
components are regions with a 6-fold YWTD consensus contents were electroblotted onto nitrocellulose membranes
sequence proposed to form a compagiropeller domain using a semidry electroblotting system (Kem-En-Tec A/S,
(18), a single transmembrane helix, and a cytoplasmic tail Copenhagen, Denmark). Membranes were blocked for 15
containing common internalization signal(s), the NPXY min with 100 mM Tris-HCI (pH 8.0), 0.9% NacCl, and 2%
motif. The CR domains consist of40 amino acids, = Tween-20, washed twice for 15 min with MBBSA [10 mM
containing three conserved disulfide bridges and acidic HEPES (pH 7.4), 2 mM Cagl1l mM MgCh, 140 mM NacCl,
residues forming a conserved calcium cage in each domainand 2% bovine serum albumin], incubated for 16 h 4C4
(19, 20). Ligand binding to LDLR-like receptors has been with 5 mL of *?3-labeleda,M* (10 cpm/mL), and finally
shown to involve binding to the CR repeats, which are washed three times for 15 min with MBBSA. Autorad-
grouped in clusters with various multiplicities. The 31 CR iography was performed using a Phosphorimager system
repeats in the LRP occur in groups of 2 (cluster 1), 8 (cluster (Molecular Dynamics, Sunnyvale, CA).

I1), 10 (cluster Ill), and 11 (cluster IV), counting from the Surface Plasmon Resonance (SPR) Analysisl* was
N-terminal end (reviewed in re2l). The structures of the  immobilized on a CM5 BlAcore sensor chip using the Amine
third (CR3) and eighth (CR8) domains have recently been Coupling Kit as described by the manufacturer (BlAcore).
elucidated 22, 23). After chip activation by the injection of 0.2 Nl-ethyl-N-

The interaction between the LRP amngM* can be [3-(dimethylamino)propyl]carbodiimide and 0.05 Nl
competed by tissue factor pathway inhibitor (TFR)(as hydroxysuccinimide, purified and methylamine-activated
well as by RAP, suggesting that their binding sites on LRP o,M was diluted to a concentration of 8@/mL by addition
overlap partially. of 10 mM sodium acetate (pH 5.0) and passed through the

The binding ofooM* to the LRP has previously been  BlAcore flow cell at a flow rate of G«L/min. After protein
mapped to a CNBr-generated fragment comprising cluster coupling, the BlAcore chip was capped by exposure to 1 M
Il flanked by one N-terminal and two C-terminal EGF repeats ethanolamine (pH 8.5). The total protein coupling yield was
(25). Subsequent studies confirmed the bindingxg¥* to 41 fmol/mn?. Protein binding analysis was performed at a
cluster Il, and further suggested that the binding site is locatedflow rate of 5 uL/min with analyte proteins in 10 mM
in the N-terminal region of this cluster2§, 27). The HEPES (pH 7.4), 150 mM NacCl, 5 mM CaflL mM EGTA,
preceding EGF repeat has been suggested to contain amnd 0.05% Tween 20 (Ca-HBS). Before the protein sample
epitope for binding ofa:M (28), and recently, CR3 was was loaded, the chip was equilibrated in Ca-HBS buffer,
reported to interact weaklyKg ~ 140xM) with the human which also was used as the running buffer. Aliquots of 40
oM RBD (22). The study presented here was undertaken uL of protein samples were injected using the KINJECT
to characterize in detail the binding sites in cluster Il for option, and regeneration of the sensor chip was performed
o-macroglobulins, and evidence is provided here for a using 10 mM glycine-HCI (pH 6.0), 500 mM NacCl, and 20
specific binding involving an acidic epitope in CR4. mM EDTA.

Size-Exclusion Analysi&ll protein samples were in MB
EXPERIMENTAL PROCEDURES buffer [10 mM HEPES (pH 7.4), 2 mM Cagll mM MgCh,

Construction of the Expression Plasmid, Site-Directed and 140 mM NacCl], and a flow rate of 0.5 mL/min was
Mutagenesis, and Protein ProductidBxpression, purifica-  maintained throughout the analysis. An HR 10/30 Super-
tion, and factor Xa processing of U-CR34, -45, -56, -67, -78, dex75 (Prep grade) column (Amersham Pharmacia Biotech
-89, and -910 have been described previoug§).(The Inc.) was equilibrated with 2 column volumes of buffer
expression plasmid (pT7HE6UbIFXEGFCR34) for U-EG- before protein samples of 150 were loaded manually
FCR34 (LRP residues G863&R934) was constructed in a using an FPLC system (Amersham Pharmacia Biotech Inc.).
manner similar to that of the expression plasmids describedProtein samples were either pure X3R3.5 nmol) or 1:1
earlier 9), with the following set of primers: '856GC GGA mixtures, preincubated for 5 min before loading, of x§R
TCC ATC GAG GGT AGG GGC ACC AAC AAA TGC and the rait;M RBD (3.5 nmol of each). The absorbance
CGG-3 and 3-GGC AAG CTT AGC GGG CTG AAC of the effluent at 280 nm was recorded.

AAG TG-3'. Expression of U-EGFCR34 was essential as  Comparatve Protein ModelingAutomated comparative

for U-CRxy using RAP affinity purification 29). protein modeling was performed at the SWISS-MODEL
The rata;M RBD was expressed and refolded as described server (http://www.expasy.ch/swissmod/SWISS-MODEL.-
previously 6), and methylamine-activated humegM was html) (31, 32). The CR4 domain was modeled using the First

a kind gift from L. Sottrup-Jensen (University of Aarhus). Approach mode of SWISS-MODEL, which provides fully
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Ficure 1: Schematic representation of the LRP and the molecular dissection of the second cluster of complement-type repeats. The N-terminal
flanking EGF repeat and the eight CR repeats from cluster || were expressed as ubiquitin-fused pré&sieiichia colias overlapping
two-module fragments.
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4-55 B e FIGURE 3: SPR analysis of the binding of overlapping two-repeat

proteins toa,M*. Sensorgrams from analysis of U-@Rbinding
to immobilizeda,M* are shown for 1M U-CR34, -45, -56, -67,
-78, -89, and -910, as indicated for each sensorgram.

FIGURE 2: [*®]o,M* blotting of two-repeat fragments of LRP
cluster Il. (A) Nonreducing SDSPAGE analysis of equal amounts
of the U-CR34, -45, -56, -67, -78, -89, and -910 derivatives (lanes
1-7). (B) Samples identical to those shown in panel A were tested

for ligand blotting with [23]a,M*, demonstrating a significant S . o . .
interaction with U-CR45 (lane 2), and less efficient binding to ~ U-CR34 to -89 derivatives immobilized on biosensor chips

U-CR34 (lane 1) and U-CR56 (lane 3). were used previously for studying the binding of RAP and
RAP domainsZ9). However, equivalent studies witihM*
automated multiple-sequence alignment prior to model were not conclusive, probably due to the sizengif (720
building. The construction was based on the available struc-kDa). Similar problems have previously been encountered
tures of LB1 (PDB entry 1LDL), LB2 (PRB entry 1LDR), in other SPR studies usingM* (S. K. Moestrup, personal
LB5 (PDB entry 1AJJ), CR3 (PDB entry 1D2LA), and CR8 communication). Accordingly, we immobilized,M*, and
(PDB entry 1CR8A) as templates, and the model generationtested the binding of receptor fragments over a range of

proceeded to completion without human intervention. concentrations. Figure 3 shows the binding of aM
U-CRxy. Both U-CR34 and U-CR45 bound strongly to
RESULTS a;M*, and weaker binding of U-CR56 was also detected.

Verification ofa,M* Affinity for LRP Cluster Il.Figure 1 No binding was found for U-CR67, -78, -89, and -910.
outlines the structural architecture of the LRP and the The apparent dissociation constants for the binding
dissection of the second ligand binding cluster of CRs into betweena,M* and U-CR34, -45, and -56 were estimated
double-repeat receptor fragments producedscherichia by fitting the sensorgrams in Figure 3 using a simple 1:1
coli as ubiquitin fusion proteins. Langmuir binding model (BlAevaluation 3.0, BlAcore) to

We have recently demonstrated efficient binding of RAP be ~20, ~20, and~300 uM, respectively.
to two-repeat fragments of LRP cluster Il, and have now Because binding ofi,M* to the LRP has been proposed
also extended this analysis to the mapping of binding sitesto depend on the N-terminal flanking EGF repeat, we tested
for a-macroglobulins. Ligand blotting witht?3-labeled if the EGF repeat could enhance the affinity tofM*. We
humana,M* to U-CR34, -45, -56, -67, -78, -89, and -910 extended the U-CR34 expression plasmid to include the EGF
is shown in Figure 2. Binding of'f1] a,M* was observed repeat, and expressed and purified the U-EGFCR34 protein
for U-CR34, U-CR45, and U-CR56, with U-CR45 exhibiting using RAP affinity chromatography. An almost homogeneous
the strongest binding. product was obtained as judged by nonreducing SBSGE
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Ficure 4: Analytical size-exclusion chromatography of eV
RBD binding to CR34, CR45, and CR56. Single elution peaks at
position ¢ were observed for the two-domain derivatives CR34,
CR45, and CR56, as indicated. Preincubation with a molar
equivalent of thea;M RBD to CR34 (CR34-RBD) or CR45
(CR45+RBD) resulted in a shift of the peak toward migration of
a stoiciometric complex at position b. Incubation of CR56 with
the a;M RBD (CR56+RBD) resulted in a peak eluting neither at
position b nor at the position of the pure RBD. An impurity in the
sample of thex;M RBD (RBD) was used as an internal standard
at position a.

Andersen et al.

a crucial importance of CR4 for high-affinity binding, as
this repeat is shared by both CR34 and CR45.

Identification of Acidic Residues in CR4 That Are Impor-
tant for Bindingo,M*. Because the binding of the RBD to
the LRP is dependent on lysine residues, we decided to test
the acidic residues in CR4 for their possible involvement in
binding to a,M*. As seen from an alignment of the
sequences of the eight CR modules of LRP cluster Il (Figure
5), the four acidic residues, which are proposed to coordinate
calcium via their side chains, are strictly conserved. CR4
contains a total of eight acidic residues, and we therefore
substituted Asn for Asp and GIn for Glu at positions 898 (D
—N), 903 (E— Q), 917 (D— N), and 924 (E—~ Q), which
are not involved in calcium binding, by site-directed muta-
genesis.

Mutant U-CR34D917N was previously shown to bind
calcium efficiently, suggesting correct folding of this protein
(29). The three remaining mutant derivatives could be
purified using RAP affinity chromatography, indicating
correct folding of these three proteins as well. The binding
of U-CR34 mutant derivatives t@,M* was studied by SPR
analysis, and the effect of removing the negative charge may
be deduced from the sensorgrams shown in Figure 6.
U-CR34D898N bound almost as efficiently as wild-type
U-CR34, whereas U-CR34E903Q, U-CR34D917N, and
U-CR34E924Q all exhibited a substantially reduced level
of binding to co,M*.

Mutation of residue 917 (D— N) virtually eliminated
binding toa,M*. Therefore, the effects of B~ N mutation
of the corresponding residues in CR3 (D876) and CR5
(D958) were also investigated. A data summary is given in
Table 1. U-CR34D876N and U-CR45D958N were both
previously verified as correctly folded by calcium binding
analysis 29).

Currently, three-dimensional structures of five CR domains
[LB1 (33), LB2 (34), LB5 (19), CR3 @2), and CR8 23)]

analysis. The presence of a small amount of noncorrectare known. Their levels of sequence conservation (residue

folded species suggests that the RAP affinity purification
procedure selects only for correctly folded CR modules.
Notably, U-EGFCR34 was found to exhibit weaker affinity
for the o,M* biosensor chip than U-CR34 (Figure 3).

Specific Binding and/or Isolation of the Complex between
the cuM RBD and CR34 or CR45[0 further confirm the
specific binding ofo-macroglobulins, we tested the binding
of theoyuM RBD to the receptor fragments by analytical size-
exclusion chromatography. After liberation of the ubiquitin
fusion partner from U-CRy by specific proteolytic cleavage,
the two-repeat proteins (G&) were subjected to analytical
gel filtration on Superdex75, with or without theM RBD

identity) with respect to the sequence of CR4 are 41, 55,
41, 54, and 50%, respectively, and they were therefore found
to be suitable as templates for constructing a three-
dimensional model of CR4 using the SWISS-MODEL
facilities. The coordinates of the model were built using
ProModll (32), and model refinement was performed by
energy minimization using the force field Gromos35)

The resulting model is shown in Figure 7. Because of the
high level of sequence similarity with the templates, align-
ment with CR4 appeared to be successful, and modeling
resulted in the generation of a CR4 model that did not exhibit
any obvious discrepancies as judged from the similar fold

added in a 1:1 molar ratio. Pure CR34 and CR45 producedof the putative CR4 structure compared to the fold of CR3

elution profiles with peak positions relative to total column
volume {/¢/V,) at 0.66 ~15.5 mL) and the pureuM RBD

and CR8 (Figure 7A) and LB1, LB2, and LB5 (not shown).
In the putative structure of CR4, the side chains of the

at 0.58 (~13.5 mL) (Figure 4). A single higher peak was four residues (D898, E903, D917, and E924) are located on
eluted at 0.53+12.5 mL) when either CR34 or CR45 was the surface of the module, as expected for residues that may
preincubated with the;M RBD in a 1:1 stoichiometry. The  be involved in interaction with the RBD domain. The aspartic
occurrence of only one single new peak, and the fact thatacid side chains of D876 and D1085 (in CR3 and CRS,
there was no detectable peak corresponding to either mono+espectively), corresponding to D917 in CR4, are located
meric protein, suggested the formation of a 1:1 complex. on the surface of these domains, as inferred from their
Similar experiments with other two-repeat proteins, e.g., determined structureg2, 23), while their backbone carbonyl
CR56, did not produce single peaks corresponding to uniqueoxygens are in positions available for calcium coordination.
stable complexes, but resulted only in partial shifting toward Interestingly, E903 and E924 are surface-located with a
the elution position for the stable complexes. This suggesteddistance of~6.5 A, which is comparable with the distance
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CR3, 849-890 ... VPPPQ CQ.PGEFACA N..SRCIQER WKCDGDNDCI, DNSDEAPALC
CR4, 891-931 ..., HOHT CP.SBRFKCE N..NRCIPNR WLCDGHENDCG NSEDESNATC
CR5, 932-971 ..., SART CP.PNQFSCA S..GRCIPIS WTCDLDDDCG DRSDES.ASC
CR6, 972-1011 ..., AYPT CFPLTQFTCN N..GRCININ WRCDNDNDCG DNSDE..AGC
CR7, 1012-1051 ... SHS CS.STQFKCN S..GRCIPEH WTCDGDNDCG DYSDETHANC
CRS, 1052-1097 TNQATRPPGG CH.TDEFQCR L.DGLCIPLR WRCDGDTDCM DSSDE. .KSC
CR9Y, 1098-1140 ....EGVTHV CDPSVKFGCK D.SARCISKA WVCDGDNDCE DNSDE. .ENC
CR10,1141-1182 ..., ESLA CR.PPSHPCA NNTSVCLPPD KLCDGNDDCG DGSDEG.ELC

Ficure 5: Primary structures of complement-type repeats from cluster Il of the LRP. An alignment of the sequences-6@R1R3s

shown in register with the six strictly conserved cysteine residues. Residues coordinating calcium via their side chain are mageal with

via their backbone carbonyl with an open down arrow. The four acidic residues of CR4, which are mutated in our binding analysis and
proposed to be important for binding taM*, are highlighted.
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Ficure 6: SPR analysis of CR4 mutants (B N and E— Q)
binding to a,M*. Sensorgrams for analysis of U-CR34 single-

residue mutant derivatives at XM in binding to immobilized
opM* are shown, as indicated for each sensorgram.

Table 1: U-CRy Derivatives Binding too,M*

plateau response plateau response
U-CRxy unitst U-CRxy unitst
U-CR34 wt 460 RU U-CR34E924Q 188 RU
U-CR34D876N 205RU U-CR45 wt 407 RU
U-CR34D898N 418 RU U-CR45D917N 46 RU
U-CR34E903Q 194 RU U-CR45D958N 49 RU
U-CR34D917N 42 RU

a Representative plateau response levels (values at 550 s) fd10
U-CRxy dervivatives. The values are given as single measurements,
but the results have been confirmed with different flow cells with
varying amounts of immobilized,M* and with other concentrations
of U-CRxy showing similar results. The values are therefore not
expected to deviate more tharl0%.

Ficure 7: Modeling of the CR4 structure. (A) Ribbon diagrams

n th ntial lysine resi identified in th
between the two essential lysine residues identified in t ecomparing the similar folds of CR3 and CR8 with the modeled

oM RBD (6, 8). structure of CR4. The calcium ion is shown as a red sphere for
CR3 and CR8. (B) Putative structure of CR4, showing the location
DISCUSSION of the four CR4 mutants, used in theM* SPR binding analysis

. (Figure 6). The color code is as follows: Asp898, violet; Glu903,
The study presented here proposes the existence of arpjye; Asp917, red; and Glu924, yellow. The model was generated
epitope in LRP cluster II, important for recognition of using automated comparative modeling at the SWISS-MODEL

o-macroglobulins. On the basis ¢ffl] a,M* ligand blotting server, and the figure was prepared with the Swiss-Pdb Viewer

and SPR binding analysis of overlapping two-repeat receptor (38) and rendered with POV-Ray (http://www.povray.org).

fragments, the major binding site was located on CR4. This

result was confirmed using the;M RBD to study the U-CR34 anda,M*. In the structural model of CR4, these

complex formation with CR domain pairs by analytical size- two residues are predicted to be located at the surface of

exclusion chromatography. CR4, with a distance o£6.5 A. The two essential positively
On the basis of previous reports showing that the binding charged residues in the RBD, Lys13?0and Lys1374:M,

of a-macroglobulins is dependent on lysine residues, we noted to be important for the efficient LRP binding, ©),

examined the effect of eliminating the negative charges of are located on a surface-displayedhelix (6, 36), also with

all acidic residues not involved in €acoordination. Two a distance of~6.5 A. It is therefore tempting to speculate

unique glutamic acid residues, Glu$#3and Glu924R4in that LRP interacts witlu,M* specifically via a significant

the sequence of CR4, were identified by SPR analysis ascontribution from the negative Glu epitope in LRP and

being equally important for the specific binding between the positive Lys epitope in the,M RBD.
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D917 was shown to be important for proper recognition ACKNOWLEDGMENT

of RAP (29) and other LRP ligands (O. M. Andersen,
unpublished experiments). The effect of mutation of residue
917 (D — N) in this study showed that D917 is also
important for recognition oti,M*. The effect of mutation
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LRP cDNA.

of aspartic acid residue 917 in U-CR34 was further examined REFERENCES

by studying the effect of the same mutation in U-CR45 (U-
CR45D917N), and these studies confirmed that D917 is
critical for aoM* binding. Analysis of mutants in which the
corresponding conserved aspartic acid residue in CR3 (U-
CR34D876N) or CR5 (U-CR45D958N) was altered also
exhibited a decreased affinity fa,M*.

These results indicate that binding afmacroglobulin
involves multiple CR domains, in agreement with other
reports suggesting that high-affinity binding requires multiple
contributions. The preference for CR4 binding reported here
provides a substantial contribution not only to overall affinity
but also possibly significantly to the specificity of the
interaction. Another binding site located in CR5, as indicated
by the low-affinity binding betweem,M* and U-CR56,
contributes further to the high affinity.

The apparent dissociation constant for binding between
U-CR34 (and U-CR45) and immobilized,M* was esti-
mated to be~20 uM. Dolmer et al. reported a dissociation
constant of 14«M for the binding between CR3 and a
truncated form of the human,M RBD in solution @2).
The use of immobilizedo;,M* in this study is likely to
represent a similar surface of RBD as if RBD itself has been
immobilized, thereby sugggesting that a direct comparison
can be justified. Therefore, it seems likely that the binding
between a single RBD and a small receptor fragment
contributes to the overall affinity with a dissociation constant
in the micromolar range. The apparent affinityd nM) of
oM —protease complexes for the LRP is much higher due
to simultaneous binding of several subunitsg¥ to several
LRPs and several binding sites in the LRID)(

The hypothesis of multiple binding sites is further sub-
stantiated as the second and fourth clusters of CR modules
of LRP were shown to bind common ligands, e@M*,
tissue-type plasminogen activatgulasminogen activator
inhibitor 1 complexes, apolipoprotein E, TFPI, and lactoferrin
(37). Comparison of the sequences of these two clusters
shows the presence of a glutamic acid residue corresponding
to Glu924R4in CR23, located in cluster IV.

Contrary to previous suggestions, the N-terminal flanking
EGF repeat was found not to enhance the affinityofgvl*.
Recently, Neels et al. reportedM* binding of a fragment
spanning EGFCR3CR7, but were unable to detect any
binding to a fragment comprising EGFCR3V). This was
unexpected, but in accord with our own observation of a
decreased,M* affinity for U-EGFCR34 compared to that
for U-CR34. However, the more efficient binding @fM*
upon inclusion of CR5CRY7 is in agreement with the
identification of a minor binding site foo,M* in CR5.

This paper presents the first identification of a specific
interaction site for ligand binding to the LRP. The ability to
isolate a liganetreceptor fragment complex offers a unique
starting point for structural studies that may provide specific
clues to explain how the ability of the LRP to recognize its
broad spectrum of dissimiliar ligands is encoded in an array
of similar ligand binding domains.
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