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PCSK9 (proprotein convertase subtilisin-like/kexin type 9)
is an emerging target for pharmaceutical intervention. This
multidomain protein interacts with the LDL receptor (LDLR),
promoting receptor degradation. Insofar as PCSK9 inhibition
induces a decrease in plasma cholesterol levels, understanding
the nature of the binding interaction between PCSK9 and the
LDLR is of critical importance. In this study, the ability of
PCSK9 to compete with apoE3 N-terminal domain-containing
reconstituted HDL for receptor binding was examined.
Whereas full-length PCSK9 was an effective competitor, the
N-terminal domain (composed of the prodomain and catalytic
domain) was not. Surprisingly, the C-terminal domain (CT
domain) of PCSK9 was able to compete. Using a direct binding
interaction assay, we show that the PCSK9 CT domain bound
to the LDLR in a calcium-dependent manner and that co-incu-
bation with the prodomain and catalytic domain had no effect
on this binding. To further characterize this interaction, two
LDLR fragments, the classical ligand-binding domain (LBD)
and the EGF precursor homology domain, were expressed in
stably transfected HEK 293 cells and isolated. Binding assays
showed that the PCSK9 CT domain bound to the LBD at pH
5.4. Thus, CT domain interaction with the LBD of the LDLR at
endosomal pH constitutes a second step in the PCSK9-medi-
ated LDLR binding that leads to receptor degradation.

PCSK9 (proprotein convertase subtilisin-like/kexin type 9)
is a unique modulator of plasma cholesterol levels (1). Several
studies have shown that secreted PCSK9 can reduce LDL re-
ceptor (LDLR)2 protein levels by inducing a redistribution of
the LDLR from the plasma membrane to lysosomes, where it
is subject to degradation (2, 3). This results in decreased
LDLR levels at the cell surface and, consequently, increased
plasma cholesterol. Insofar as plasma cholesterol is a key de-
terminant of cardiovascular disease risk, an intensive effort is

underway to find inhibitors that disrupt or block PCSK9 bind-
ing to the LDLR (4).
Naturally occurring “gain-of-function” PCSK9 mutations

cause hypercholesterolemia and premature atherosclerosis,
whereas the corresponding “loss-of-function” mutations lead
to hypocholesterolemia and protection from atherosclerosis
(1). Biochemical studies using recombinant proteins have re-
vealed that PCSK9 binds to a specific site on the LDLR, the A
repeat in the EGF precursor homology domain (5, 6). Further-
more, PCSK9 binding to EGF-A is significantly enhanced at
endosomal pH (5, 7).
PCSK9 is a multidomain protein composed of a prodomain

(residues 31–152), a central catalytic domain (residues 153–
451) domain, and a C-terminal domain (CT domain; residues
452–692). The structure of PCSK9 has been determined (7–
9). The prodomain and catalytic domain (Pro-Cat domain)
bind to EGF-A of the LDLR (6, 10, 11). Binding is calcium-de-
pendent and increases dramatically upon reduction in pH
from 7 to 5.2. PCSK9 binding to the LDLR interferes with
physiological processes related to acid-dependent lipoprotein
ligand release and subsequent receptor recycling (10).
The CT domain of PCSK9 consists of three �-domainmod-

ules related to one another by a pseudo 3-fold axis (7). The sur-
face of the CT domain is enriched in histidine residues that are
located along a surface-exposed region of the secondmodule.
Interest in the CT domain has increased in light of the following
observations: (i) naturally occurringmutations in the CT domain
affect PCSK9-dependent LDLR degradation (12); (ii) a Fab frag-
ment directed against the CT domain interferes with PCSK9-de-
pendent inhibition of LDL uptake (13); and (iii) a truncated
PCSK9 variant composed of the Pro-Cat domain binds the LDLR
but fails to stimulate receptor degradation (10).
Zhang et al. (10) identified regions in the LDLR and PCSK9

that are required for receptor degradation. These authors
found that LDLR variants lacking the classical ligand-binding
domain (LBD) or the �-propeller segment fail to be degraded,
although they internalize bound PCSK9. Thus, domains in
both the LDLR and PCSK9 that are not directly involved in
Pro-Cat domain binding to EGF-A are necessary for PCSK9-
mediated degradation of the LDLR. In this study, we exam-
ined the ability of PCSK9 and truncated variants to compete
with apoE-containing reconstituted HDL (rHDL) for binding
to an isolated soluble LDLR (sLDLR). The finding that the CT
domain of PCSK9 binds to the LBD of the LDLR in a pH-de-
pendent manner provides direct evidence for a second bind-
ing step in the pathway whereby PCSK9 mediates receptor
degradation.
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EXPERIMENTAL PROCEDURES

Recombinant sLDLR Expression, Isolation, and
Characterization—Wild-type sLDLR (N-terminal residues
1–699) was isolated from conditioned medium of stably
transfected HEK 293 cells as described (14). The truncated
variants generated were verified by dideoxy automated DNA
sequencing. sLDLR protein was analyzed by SDS-PAGE under
reducing and nonreducing conditions as a measure of native
protein folding and disulfide bond formation (15).
PCSK9 Isolation and Characterization—A cDNA clone en-

coding human PCSK9 was a kind gift from Dr. Jay Horton
(University of Texas Southwestern Medical School). Stably
transfected HEK 293 cells expressing full-length PCSK9, the
Pro-Cat domain, and the CT domain were prepared. Each of
the constructs generated possessed a C-terminal FLAG tag.
SDS-PAGE and immunoblotting confirmed the identity, size,
and relative purity of the recombinant protein products.
ApoE3 N-terminal Domain Isolation and rHDL Formation—

Recombinant Trp-null apoE3 N-terminal domain (apoE3-NT)
was produced and isolated from Escherichia coli culture su-
pernatant as described previously (16). ApoE3-NT rHDL were
prepared with 1,2-dimyristoyl-sn-glycero-3-phosphocholine
(Avanti Polar Lipids). The phospholipid was dissolved in chlo-
roform/methanol (3:1, v/v) and dried into a thin film in a glass
tube. Following dispersion of the lipid in 50 mM sodium phos-
phate (pH 7.0) and 150 mM NaCl, apoE3-NT was added. This
mixture was bath-sonicated at 24 °C until clear (17). The
complexes were stable at 4 °C and were dialyzed into a speci-
fied buffer prior to use.
Fluorescence Binding Assay—Four �g of sLDLR (in 50 mM

Tris base, 2 mM CaCl2, and 100 mM NaCl (pH 7.3)) was incu-
bated with 1 �g of Trp-null apoE3-NT previously labeled at
Cys-112 with the fluorescent probe N-(iodoacetyl)-N�-(5-
sulfo-1-naphthyl)ethylenediamine (AEDANS) and complexed
with phospholipid. Interaction between AEDANS-labeled
Trp-null apoE3-NT rHDL and sLDLR was detected by FRET
between excited Trp residues in sLDLR and the AEDANS
moiety covalently attached to Trp-null apoE3-NT (14). Fol-
lowing incubation, samples were excited at 280 nm, and fluo-
rescence emission intensity at 470 nm was determined (slit
width of 5.0 nm) on a PerkinElmer Model LS 50B lumines-
cence spectrometer.
Direct Binding Assay—sLDLR variants possessing a C-ter-

minal His tag were applied to a HiTrap Ni2� chelation affinity
column in binding buffer (20 mM HEPES (pH 7.3), 100 mM

NaCl, and 2 mM CaCl2,). Where specified, after washing, the
column buffer was adjusted to pH 5.4 (20 mM Tris succinate,
100 mM NaCl, and 2 mM CaCl2). Subsequently, full-length
PCSK9 or a given PCSK9 variant was applied to the column.
After washing with buffer containing 50 mM imidazole, bound
proteins were eluted with buffer containing 500 mM imida-
zole, dialyzed, and subjected to Western blot analysis.
Analytical Methods—Protein concentrations were deter-

mined by the bicinchoninic acid assay using bovine serum
albumin as a standard. SDS-PAGE was performed on 4–20%
acrylamide gradient slabs at 35-mA constant current under

reducing or nonreducing conditions and stained with Coo-
massie Blue.
Immunoblotting—For immunoblotting, size-separated pro-

teins were transferred to a 0.2-�m PVDF membrane (Bio-
Rad). Nonspecific binding sites on the membrane were
blocked with 0.1% buffer containing 0.1% Tween 20, 20 mM

Tris, and 150 mM NaCl (pH 7.2). Anti-FLAG tag monoclonal
antibody (Sigma) or anti-His tag polyclonal antibody (Abcam)
was used as the primary antibody. Alkaline phosphatase-con-
jugated anti-mouse or anti-rabbit IgG (Cell Signaling Tech-
nology) was used as the secondary antibody. Subsequently,
the membrane was incubated with nitro blue tetrazolium/5-
bromo-4-chloro-3-indolyl phosphate solution (Thermo Sci-
entific) until an optimal signal was detected.

RESULTS

ApoE3-NT rHDL-PCSK9 Competition Binding Experiments—
Despite the fact that PCSK9 binds to EGF-A in the EGF pre-
cursor homology domain of the LDLR and apoE binds to the
LBD (18), the possibility exists that binding of one ligand may
interfere with binding of another. Initial studies were con-
ducted to determine whether full-length PCSK9 or truncated
variants are able to compete with apoE3-NT rHDL for bind-
ing to sLDLR. ApoE3-NT rHDL binding was detected in solu-
tion using a fluorescence-based competition assay. When
Trp-null apoE3-NT was labeled with an extrinsic fluorophore
and complexed with phospholipid to form rHDL, binding to
sLDLR was accompanied by an enhancement in FRET from
excited Trp residues in sLDLR to an AEDANS fluorophore
covalently attached to apoE3-NT. Unlabeled apoE3-NT rHDL
competed for binding to sLDLR, resulting in a concentration-
dependent decrease in AEDANS fluorescence intensity (Fig.
1). When unlabeled full-length PCSK9 was introduced as a

FIGURE 1. Effect of full-length PCSK9, the Pro-Cat domain, and the CT
domain on AEDANS-labeled apoE3-NT rHDL binding to sLDLR. One �g
of AEDANS-labeled Trp-null apoE3-NT rHDL and 4 �g of sLDLR were incu-
bated in the presence of increasing concentrations of unlabeled apoE3-NT
rHDL, full-length PCSK9, the Pro-Cat domain, or the CT domain. Samples
(300-�l final volume) were excited at 280 nm, and fluorescence emission
intensity at 470 nm was determined. F, unlabeled apoE3-NT rHDL; E, full-
length PCSK9; �, Pro-Cat domain; f, CT domain. Values are the mean �
S.D. (n � 3).
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competitor, a similar decrease in apoE3-NT AEDANS fluores-
cence intensity was observed. Thus, full-length PCSK9 com-
petes for apoE3-NT rHDL binding to sLDLR. These data
complement and extend the work of Fisher et al. (11), who
reported that preincubation of the LDLR with PCSK9 reduces
LDL binding. Given that apoE and PCSK9 are known ligands
for the LDLR, this result was not unexpected. However, inso-
far as apoE3-NT and PCSK9 bind to distinct sites on the
LDLR, the apparent similarity in concentration-dependent
competition observed between unlabeled apoE3-NT rHDL
and PCSK9 was surprising. To investigate this further,
the ability of truncated PCSK9 variants to compete with
AEDANS-labeled apoE3-NT rHDL for binding to the LDLR
was investigated. When the isolated Pro-Cat domain was
studied, no competition was observed. In this case, the lack of
competition may be explained if the CT domain of PCSK9
exerts a steric effect, hindering access of apoE3-NT rHDL to
the LBD. Thus, when the CT domain is absent, the Pro-Cat
domain alone is unable to interfere with apoE3-NT rHDL
access to the receptor. This interpretation is not consistent,
however, with the finding that a PCSK9 variant corresponding
to the CT domain effectively competed for apoE3-NT rHDL
binding to the LDLR. Indeed, this observation implies that the
CT domain alone can serve as an LDLR ligand.
Direct Binding of PCSK9 to sLDLR—To further investigate

the apparent, albeit unexpected, binding of the isolated CT
domain of PCSK9 to sLDLR, a direct binding assay was devel-
oped to complement the competition binding assay employed
with fluorescent-labeled apoE3-NT rHDL. The first choice
was surface plasmon resonance spectroscopy. After extensive
evaluation and despite the fact that this method could poten-
tially provide key information about relative binding affinities,
reproducible detection of binding by surface plasmon reso-
nance was not successful. Instead, an on-column binding as-
say was developed. In this assay, sLDLR was bound to a Hi-
Trap Ni2� chelation affinity chromatography column via an
engineered C-terminal His tag. Following interaction of
sLDLR with the column matrix, PCSK9 or variants thereof
were passed over the column. Binding was detected after elu-
tion of sLDLR and Western blot analysis. If PCSK9 or a given
variant binds to sLDLR, a corresponding band will be de-
tected upon analysis of the column eluate.
In the case of full-length PCSK9, at pH 7.3, a small amount

of PCSK9 was recovered with sLDLR (Fig. 2). By contrast,
significant binding was observed at pH 5.4, consistent with
results reported by others (5, 7). Under both pH conditions,
similar amounts of sLDLR were recovered, indicating there
was no pH-dependent loss of the LDLR from the column ma-
trix. In a manner similar to full-length PCSK9, when the Pro-
Cat domain was passed over the sLDLR affinity column ma-
trix, little binding was detected at pH 7.3, with enhanced
binding observed at pH 5.4. Insofar as the Pro-Cat domain
contains structural elements required for interaction with
EGF-A (6, 10), this result is expected. To investigate CT do-
main binding to sLDLR, the same binding assay design was
employed. When the CT domain was passed over the sLDLR
affinity column, little binding occurred at pH 7.3. On the

other hand, at pH 5.4, CT domain binding increased, indicat-
ing that, at low pH, the PCSK9 CT domain binds sLDLR.
Characterization of PCSK9 CT Domain Binding to sLDLR—

It is recognized that lipoprotein ligand binding to the LDLR,
as well as Pro-Cat domain binding to EGF-A, requires cal-
cium. To further characterize CT domain interaction with
sLDLR, the effect of EDTA (4 mM) on CT domain binding was
examined at pH 5.4 (Fig. 3). Both Pro-Cat domain and CT
domain binding to sLDLR required Ca2�, indicating that
these interactions are specific. Next, we examined whether
the Pro-Cat domain can compete with the CT domain for
binding to sLDLR. At pH 7.3, low Pro-Cat domain binding
was observed, whereas more CT domain was bound. In co-
incubation experiments at pH 5.4, both ligands bound to
sLDLR, suggesting that they bind to different regions of the
receptor.
PCSK9 Variant Binding to LDLR Fragments—Based on its

ability to compete with apoE3-NT rHDL for binding to
sLDLR, it is plausible that the PCSK9 CT domain binds the
LBD of the LDLR. To better define the interaction between
specific PCSK9 domains and the LDLR, two receptor frag-
ments were expressed in stably transfected HEK 293 cells and
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FIGURE 2. PCSK9 binding to an sLDLR affinity column. sLDLR was bound
to a HiTrap Ni2� chelation affinity column via an engineered C-terminal His
tag. Following column equilibration at pH 7.3 (20 mM HEPES, 100 mM NaCl,
and 2 mM CaCl2,) or pH 5.4 (20 mM Tris succinate, 100 mM NaCl, and 2 mM

CaCl2), full-length PCSK9 (upper panel), the Pro-Cat domain (middle panel),
or the CT domain (lower panel) was applied to the column. After washing,
sLDLR was eluted with buffer containing 500 mM imidazole and subjected
to SDS-PAGE and immunoblot detection of sLDLR and PCSK9.
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isolated. One fragment corresponded to the classical LBD
(encompassing repeats 1–7), whereas the second corre-
sponded to the EGF precursor homology domain, including
EGF-A, EGF-B, the �-propeller, and EGF-C (Fig. 4). The two
fragments were bound to a HiTrap Ni2� chelation column,
and specific PCSK9 variants were applied to the respective
affinity columns at pH 5.4. When the Pro-Cat domain was
passed over the LBD affinity column, no binding was observed
(Fig. 5). On the other hand, the CT domain bound to this re-
gion of the LDLR. In addition, the presence of the Pro-Cat
domain had no effect on CT domain binding under these con-

ditions. In the case of the EGF precursor homology domain
affinity column, Pro-Cat domain binding was observed,
whereas CT domain binding was not. Furthermore, the CT
domain had no effect on Pro-Cat domain binding to the EGF
precursor homology domain affinity column.

DISCUSSION

PCSK9 is a prime target for therapeutic intervention as a
means to improve plasma cholesterol levels. Various ap-
proaches include humanized monoclonal antibodies, anti-
sense oligonucleotides, RNA interference, and small molecule
inhibitors. Recent success in studies with antibodies directed
against PCSK9 has further increased interest in this target (19,
20). As progress toward therapeutic intervention of PCSK9-
LDLR interactions advances, it is important to understand the
molecular basis of the biological events involved. A priori, it is
rather surprising that a protein with no apparent connection
to lipoprotein metabolism exerts such profound effects on
plasma cholesterol levels. Thus far, no compelling connection
between these seemingly “strange bedfellows” has emerged.
Elegant studies by Hobbs and co-workers (5, 10) docu-

mented the nature of the binding interaction between the
Pro-Cat domain of PCSK9 and EGF-A of the LDLR. Structure
determination of a co-crystal of PCSK9 and EGF-A/B pro-
vides a clear view of this interaction (6). In this structure,
EGF-A binds a surface of PCSK9 encompassing residues 367–
381. An antiparallel �-sheet is formed between residues 377–
379 of PCSK9 and residues 308–310 of EGF-A. As may be
expected, this interaction has been the target of approaches
designed to interfere with PCSK9-LDLR interactions (21). At
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FIGURE 3. Factors affecting the interaction between PCSK9 domains
and sLDLR. A, the Pro-Cat domain or CT domain was applied to an sLDLR
affinity column in the presence or absence of 4 mM EDTA. B, the Pro-Cat
domain and CT domain were applied to the sLDLR affinity column simulta-
neously. After washing, sLDLR was eluted with buffer containing 500 mM

imidazole and subjected to SDS-PAGE and immunoblot detection of sLDLR
and PCSK9.

FIGURE 4. Characterization of the LBD and EGF precursor homology do-
main of LDLR. A, schematic diagram of the LBD and EGF precursor homol-
ogy domain of the LDLR. R, repeat. B, following expression and purification,
the isolated domains were separated on a 4 –20% SDS-polyacrylamide gel
and stained with Coomassie Blue. Lane 1, LBD; lane 2, EGF domain.
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FIGURE 5. Pro-Cat domain and CT domain binding to LBD and EGF do-
main affinity columns. The LBD or EGF domain was bound to a HiTrap
Ni2� chelation affinity column and equilibrated in 20 mM Tris succinate (pH
5.4), 100 mM NaCl, and 1 mM CaCl2. After washing, the PCSK9 Pro-Cat and/or
CT domain was applied to the LBD (upper panel) and EGF domain (lower
panel) columns. After washing, bound proteins were eluted with buffer con-
taining 500 mM imidazole and subjected to SDS-PAGE and immunoblot
detection of sLDLR and PCSK9.
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the same time, unexplained results have emerged indicating
that Pro-Cat domain binding to EGF-A is not sufficient for
manifestation of LDLR degradation activity (10). Further-
more, the fact that mutations in the CT domain or antibodies
directed against this domain interfere with PCSK9-mediated
degradation of the LDLR is curious. How does the CT domain
contribute to PCSK9-mediated degradation of the LDLR? As
suggested by Hobbs and co-workers (10), this domain may
interfere with an endosomal pH-induced conformational
change in the LDLR that is necessary for ligand release/recep-
tor recycling. This process was originally proposed on the
basis of deletion experiments with the LDLR (22). Subsequent
determination of the three-dimensional structure of sLDLR at
pH 5.3 has provided a new understanding of this conforma-
tional change. Rudenko et al. (23) showed that the receptor
adopts a “closed” conformation wherein the �-propeller seg-
ment contacts residues in ligand-binding repeats 4 and 5. The

nature of this interaction is ionic and, importantly, involves
key histidine residues. The concept emerging from these
studies is that the transition from neutral pH at the cell sur-
face to low pH in the endosomal compartment activates a
“histidine switch” that promotes the aforementioned intramo-
lecular interaction between receptor domains (24). A critical
aspect of this conformational change is that it promotes li-
gand release, thereby facilitating receptor recycling to the cell
surface, where it is available for another round of endocytosis.
PCSK9-mediated interference with this process causes the
LDLR to traffic to lysosomes, where it is degraded.
Physiologically, the process whereby endocytosed LDLR

recycles to the cell surface is closely associated with ligand
release. One question that has yet to be answered is whether
PCSK9-mediated LDLR degradation requires co-internaliza-
tion of a lipoprotein ligand. The finding that LDLR variants
possessing a minimum of three ligand-binding repeats retain

FIGURE 6. Two-step model of PCSK9 binding to the LDLR. A, in the absence of PCSK9, lipoprotein binding (depicted as apoE-NT rHDL) (27) to the LDLR
(left) leads to receptor-mediated endocytosis. The low pH environment of the endosome (right) induces a conformational change in the LDLR (with the LBD
shown in green and the EGF domain in magenta), resulting in discharge of bound lipoprotein ligand and interaction between the �-propeller segment and
ligand-binding repeats 4 and 5 (23). This event permits the segregation and separate trafficking of the LDLR to the cell surface and the lipoprotein ligand to
the lysosome, respectively. B, in the first step (left), PCSK9 binds EGF-A of the LDLR at the cell surface via its Pro-Cat domain (with the prodomain shown in
cyan and the catalytic domain in yellow) (6). Following internalization and exposure to the low pH environment of the endosome, the CT domain (shown in
red) of PCSK9 binds the LBD (second step; right), disrupting the ability of the receptor to adopt a recycling-competent conformation and promoting traffick-
ing of the PCSK9-LDLR complex to the lysosome.
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susceptibility to PCSK9-mediated degradation suggests that
lipoprotein ligand binding is not required. Because larger de-
letions in the LDLR LBD abrogate PCSK9-mediated receptor
degradation, however, it is clear that elements within the LBD
participate in this process. Given the combination of deletion
mutants examined by Zhang et al. (10), it is apparent that no
specific ligand-binding repeat is essential (10). Furthermore,
the observation that PCSK9-mediated receptor degradation
activity is compromised in the case of �LBD repeat 1–4 and
�LBD repeat 4–7 LDLR variants indicates that at least four
LBD repeats are needed for manifestation of optimal PCSK9-
dependent LDLR degradation activity.
Zhang et al. (10) also examined PCSK9 fragment binding to

the LDLR using an immunoprecipitation assay. Their conclu-
sion that the CT domain does not bind the LDLR was based
on the results of immunoprecipitation experiments con-
ducted under conditions in which low binding is expected (i.e.
PBS). Likewise, in the case of cell-based binding studies, fail-
ure to detect CT domain binding to the LDLR may be related
to their use of an LDLR variant that lacks EGF-A (10). Indeed,
in intact PCSK9, Pro-Cat domain binding to EGF-A may facil-
itate CT domain interaction with the LBD by effectively local-
izing the CT domain in the vicinity of the LBD. Our results
indicate that CT domain binding to ligand-binding repeats in
the LDLR is strongly pH-dependent, with much greater bind-
ing at pH 5.4. Thus, it is conceivable that PCSK9 contacts the
LDLR at neutral pH primarily via its Pro-Cat domain, and
following internalization and localization to the low pH envi-
ronment of the endosome, increased positive charge density
in the CT domain (owing to side chain ionization of its nu-
merous surface-exposed histidine residues (7–9)) promotes
interaction with elements in the LBD. Such a model would
explain the observation that whereas the Pro-Cat domain of
PCSK9 binds the LDLR, it does not support receptor degrada-
tion. Whether the PCSK9 CT domain can bind to the same
site in the LBD as the �-propeller segment does in full-length
LDLR is not known. Based on the work of Zhang et al. (10),
no specific ligand-binding repeat is required for PCSK9-medi-
ated degradation of the LDLR. Under normal physiological
conditions, the CT domain may bind to a specific site on the
LDLR, although it appears that other ligand-binding repeats
can substitute in the case of certain LDLR deletion mutants.
Cunningham et al. (7) also studied PCSK9 binding to the

LDLR. Using surface plasmon resonance, these authors found
a strong pH dependence on binding and, interestingly, ob-
served two populations of binding sites at pH 5.4, a high affin-
ity binding site (Kd � 1 nM) and a lower affinity binding site
(Kd � 50 nM). Whether these may correspond to Pro-Cat do-
main binding to EGF-A and CT domain binding to the LBD,
respectively, remains to be determined. Taken together, our
data permit a two-step model to be invoked wherein the Pro-
Cat domain initiates contact with EGF-A of the receptor, fol-
lowed by interaction of the CT domain with the LBD, driving
the LDLR toward degradation (Fig. 6). This binding may be
affected by lipoprotein ligands (11). In any event following
internalization of the LDLR, with or without low pH dis-
charge of bound lipoprotein, it is conceivable that the CT do-
main of PCSK9 interferes with “normal” conformational ad-

aptations in the LDLR required for receptor recycling. An
obvious candidate is disruption of the interaction between the
�-propeller segment and ligand-binding repeats 4 and 5. Al-
though Beglova et al. (25) reported that the interface between
ligand-binding repeat 7 and EGF-A adopts a pH-insensitive
rigid conformation, it is conceivable that flexible linkers be-
tween ligand-binding repeats expand the conformational
sampling boundary of the LBD such that access to the CT
domain of EGF-A-bound PCSK9 can be achieved. Moreover,
the inherent flexibility of the CT domain with respect to the
remainder of PCSK9 (8) would facilitate such an interaction.
Once achieved, CT domain binding to the LBD could inter-
fere with conformational changes in the LDLR that are critical
to receptor recycling.
In conclusion, the data presented herein document a pH-

dependent binding interaction between the CT domain of
PCSK9 and the LBD of the LDLR. The results provide a bio-
chemical explanation for unexplained findings, including (a)
the isolated CT domain associates with LDLR on the surface
of transfected CHO cells (26); (b) the CT domain is required
for PCSK9-mediated LDLR degradation; and (c) antibodies
directed against the CT domain inhibit PCSK9 effects on the
LDLR. Given the apparent importance of this interaction,
future studies designed to characterize the specific nature of
this binding, perhaps via co-crystal structure determination,
may provide new strategies for intervention.
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