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ABSTRACT

Intestinal cholesterol absorption plays an important role in determining the
levels of circulating cholesterol. Recently a new pharmacological agent,
ezetimibe, was released that reduces cholesterol absorption and plasma
cholesterol levels. The molecular target of ezetimibe is likely Niemann-Pick
C1 Like 1 protein (NPC1L1), which is expressed predominantly in the small
intestine . Inactivation of NPC1L1 in mice results in a 70% reduction in the
absorption of orally administered radiolabeled cholesterol, which is similar
to the reduction seen in wild-type mice treated with ezetimibe. The
molecular mechanism by which NPC1L1 transports cholesterol is unknown.
Previously, a post-doctoral fellow in the Hobbs/Cohen laboratory observed
a cholesterol-associated change in the migration of NPC1L1 to a higher
apparent molecular mass on a native gel. The first aim of my project is to
determine if this higher molecular weight band represents a dimer of
NPC1L1. Initial experiments have been performed by expressing
differentially-tagged versions of NPCC1L1 in Chinese Hamster
Ovarian(CHO-K1)cells and determining if the two forms of NPC1L1 co-

immunoprecipitate (Co-IP).



NMEPIAHWH

H anoppo@pnon xoAnoTepOANC and To EVTEPO EXEI ONUAVTIKO pOAO OTOV
KaBopIopo Twv enNEdwV XoAnoTEPOANG OTNV KUKAOQOpIa.
MpoopaTa,KUKAOPOPNOE £vac VEOC BEpAneUTIKOG NapayovTac n
eCeTIHiON(ezetimibe)nou peiwvel TNV anoppo@naon XoAnoTepOANG Kai Ta
enineda xoAnoTepOANC Tou NAGOPATOC,.
O oTOX0C TOU (PapUAkou auTou o€ Poplako €ninedo sival mbavoTaTa n
npwTeiv Niemann Pick C1 L1 (NPC1L1), nou ek@ppaleTal KupiwG oTo AenTo
evtepo. MovTikia nou dev ekppalouv Tnv NPC1L1 £xouv kata 70%
HEIWPEVN anoppogpnaon XopnyouuEVNC anod To oToua padiocnUAoUEVNG
XoAnoTEPOANG. TNV idla peiwon oTnv anoppd@non XOANOTEPOANG EXOUV
MOVTIKIA OTa onoia xopnynonke To ¢papuako.
O HopIaKOC UNXavIoPOC Ke Tov onoio n NPC1L1 peTa@épel TN XOANOTEPOAN
gival AyvwoToc.2To NnapeABov,Exel napaTnpnbei 0To EpyacTnpio TwWV
Hobbs/Cohen 611 undpyel pia puduiopevn ano tn xoAnotepoAn aAiayn
oTnv evronion TnG pnavtag Tng NPC1L1(epgaviong piag akoun pnavrag tng
NPC1L1 og peyaAuTepo popliako Bapoc).0 npwTog oTOXOC TNG EPYATiac Hou
gival va diEpeuvnow av n uwnAdTepPou popiakoU Bapoug Nnavta Tne
NPC1L1 avTioToIxei o€ €va dipepeg Tng NPC1L1.Ta apxikd neipduata
npaypartonoinénkav pe Tnv ekppaon NPC1L1 nou €xouv diapopeTIKoUG
eniTtonoug o€ kUTTapa Chinese Hamster Ovarian (CHO-K1)kal Tn HEAETN TNG
OUV-avooOoKaTakpAuviong Twv duo Joppwv TG NPC1L1 nou &xouv

dlIaPOPETIKOUG EMITOMOUG,.



INTRODUCTION

Clinical and epidemiological studies have established that elevated plasma
cholesterol levels (especially LDL-cholesterol) promote atherosclerosis.
Circulating cholesterol levels depend on the secretion and catabolism of
plasma lipoproteins. There are two sources of cholesterol: endogenous

synthesis (from acetate) and the diet.

Intestinal absorption of dietary cholesterol
Intestinal absorption of cholesterol is a multi-step process that involves
multiple proteins. Dietary cholesterol and plant-derived sterols
(predominantly sitosterol and campesterol) are solubilized in mixed micelles
and taken up into the enterocytes in the proximal small intestine. The
fraction of cholesterol absorbed from the diet varies remarkably between
individuals (from ~25-85%) (1). A much smaller fraction of plant-derived
sterols are absorbed (<5%) due to these sterols being preferentially
secreted from the enterocytes back into the gut lumen by the action of
ABCGS5 and ABCG8. The bulk of the cholesterol is delivered to the
endoplasmic reticulum (ER) where it is esterified by acyl CoA:cholesterol
acyltransferase isoform 2 (ACAT2) and incorporated into chylomicrons. In
contrast, only a small fraction of plant-derived sterols are in chylomicrons.
Inhibition of cholesterol absorption is an effective strategy for
lowering plasma cholesterol levels and reducing coronary artery disease.
Less dietary cholesterol is delivered to the liver, resulting in an increase in
LDL receptor activity and accelerated clearance of circulating LDL. Several

agents have been developed that target this pathway (2). The most



exciting such agent is ezetimibe (Zetia, Merck-Shering Plough), which was
released four years ago. Daily administration of ezetimibe is association
with a 15-20% reduction in plasma levels of LDL-cholesterol. Combination

of ezetimibe with statins increase the reduction of LDL levels further (3).

NPC1L1 — the target of ezetimibe
Ezetimibe was shown to act directly at the level of enterocytes and not to
interfere with micellar solubilization of cholesterol (4). Ezetimibe undergoes
glucuronidation in the enterocytes and then is transported to the liver and
secreted into the bile. The molecular target of ezetimibe was revealed in
2004 with the discovery by Altmann and co-workers of NPC1L1. They used
a genomics-bioinformatics approach to find the gene. First, they prepared
two expressed sequence tags (ESTs) cDNA libraries: one from the mucosa
of the rat jejunum and the other from jejunal enterocytes obtained by laser
capture microdissection. They looked for transcripts predicted to encode
proteins with the expected characteristics of a cholesterol transporter, such
as a plasma membrane secretion signal sequence, a transmembrane
domains and a cholesterol-sensing domain. Only one EST fulfilled all these
criteria, which was the rat homolog of NPC1L1 (5). In mice, NPC1L1 was
predominantly expressed in small intestine (peak expression in proximal
jejunum) and at low levels in the liver, stomach, gallbladder and testis (5).
Altmann and his colleagues inactivated NPC1L1 in mice and showed
that the mice had a 70% reduction in the absorption of orally administered
radiolabeled cholesterol, despite having a macroscopically and histologically

normal intestinal tract (5 ). The magnitude of the reduction in cholesterol



absorption was similar to that seen in wild-type mice treated with
ezetimibe, and no further reduction in cholesterol absorption was seen
when the NPC1L1 null mice were treated with ezetimibe. Localization
studies show that the labeled ezetimibe glucuronide appears to bind the
apical intestinal brush border membrane of wild-type mice but not NPCILT
"“mice. Ezetimibe also binds membranes prepared from human embryonic
kidney cells (HEK 293) expressing NPC1L1, but not to cells expressing the
vector alone (6). The NPC1L1 null mice were also found to have increased
levels of the 3-hydroxy 3-methylglutaryl (HMG) CoA reductase mRNA,
presumably due to the reduced delivery of dietary cholesterol from the
intestine to the liver. These data are consistent with NPC1L1 being either
directly or indirectly the target of ezetimibe.

NPC1L1 is also required for the absorption of plant-derived
sterols(7,8). Individuals with inactivating mutations in ABCG5 or ABCGS
(sitosterolemia) accumulate plant-derived sterols in tissues. Inactivation or
inhibition of NPC1L1 using ezetimibe prevents the accumulation of plant
sterols as well as cholesterol (9) in patients with this autosomal recessive
disorder.

A proposed model of cholesterol absorption that incorporates the

action of ezetimibe is shown in Figure 1.
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Figure 1. (From D.Wang, Annu.Rev.Physiol 69:11.1-11.28)(10). NPC1L1 on the apical
membrane of enterocytes facilitates sterol uptake. Ezetimibe inhibits NPC1L1 and
reduces sterol absorption. ABCG5 and ABCG8 promote sterol efflux from enterocytes to
the intestinal lumen; the genes upregulated by the nuclear hormone receptor LXRa in
response to diet enriched in cholesterol. Other proteins, like ACAT2,apolipoprotein B-48
(apo B-48) and microsomal triglyceride transfer protein (MTP) are required for the
esterification of cholesterol and the formation of chylomicrons that are secreted from
the basolateral surface into the lymph.

Human genetics of NPC1L1

To determine the role of NPC1L1 in humans, Cohen et al. sequenced the
coding regions of NPC1L1 in individuals predicted to have either a high or a
low fractional absorption of cholesterol. An excess of sequence variations
that changed the amino acid (nonsynonymous sequence variations) at
highly conserved residues were found in the low absorber group.
Moreover, when the variations found in the lower group were examined in
a larger population, they were associated with a lower cholesterol
absorption and a 9% reduction in plasma LDL-cholesterol levels (11).
These data provide evidence that NPC1L1 participates in cholesterol

absorption in humans as well as rodents.
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Structure of NPC1L1

NPC1L1 shares 42% amino acid identity with NPC1 (Niemann Pick type
C1), which is involved in the intracellular transport of cholesterol and is
defective in Niemann-Pick disease type C1 (12). NPC1L1 is predicted to
have a signal peptide, a conserved N-terminal NPC1 domain and 13
putative transmembrane domains that include a sterol sensing domain
(SSD). The sequence of the SSD resembles a similar sequence not only in
NPC1 but also in SREBP-sterol regulatory element binding protein-cleavage
activating protein (SCAP) (13), HMG CoA reductase, and Patched, a
membrane protein that serves as a receptor for Hedgehog protein. The
SSD consists of five putative transmembrane domains. Selected mutations
in the SSD of SCAP (Y298C and D443N) interfere with the cholesterol

regulatory complex moving from the ER to the Golgi.

11



(aa632-aa797)

O sterol Sensing Domain

hNPC1L1

@6@GDE@@@99@@@@@@@9@00@@&@@90@@@0 M
ﬂwﬂ,@@@ﬂ.@@Q@@@@ﬂ@@@@ﬁﬁ@“@@@&@@ﬂ@@wﬁ. £
96@@@.0ﬂ.GQ@@@@Q@O@QQ@B@BOQ“@@Q@@
D9"@9@00@@@@@@UOSﬁOGMDﬁOQQBOOOO
QOCRECREEEEREEEERCEIREEEEIEEED
@@D@OM@@@@@@W@@OB@IQ@@O@O@GOOO@O

ﬁ@©W00599@@6@0@9090@0@9@@@6@00@

COCEOPECLRECESBLRECCECCEECCECCEEE

@@W@0@6@@0@@@@0@@0&@@@@0@96Gﬂ@@
@@9@@6@@0@@@@9@0@@@“&@@@@@0@@90@Mu 3
%Mn@@00@6@@@@9@@@@&@@@@0@@@0@@@ e
Oﬂ.ﬂ.ﬁﬂﬂ.@@0@0@@@9@08@@@@8@@0@&@0
0@@6OS@mnnu@GGom@O@@ﬂ.@ﬂ_@ﬂ.@@OQ&O@@
OCECLENPORRCREEEERECIRBREEISISY,

@Q@ﬂ006@@OODD@@OOQ@G“O@@&O@QOG@
CECSOUSE0SCEELTLECCECCCEECCCON

CRORECROECEEREECREEREEEEECEY

©
<
o
o
£
)
=

A schematic representation of NPC1L1. NPC1L1 has 13 putative
transmembrane domains.The sterol sensing domain is between amino acids 632 and
797. The 1647A (substituting isoleucine with alanine at position 647) and D798N

Figure 2

(substitution of aspartic acid with asparagine at position 798) are mutant forms of

human NPC1L1 that will be used in future experiments.

Regulation of NPC1L1

When wild-type mice are fed a cholesterol/cholate rich diet, NPCi1L1

expression is down-regulated in the intestine, presumably to prevent

absorption of excess dietary cholesterol (7). Activation of the nuclear

hormone receptor LXR using a potent synthetic LXR agonist also results in

down-regulation of NPC1L1 (14).
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Subcellular localization of NPC1L1

The subcellular localization of NPC1L1 is not entirely clear.
Immunohistochemical studies suggest NPC1L1 is localized in the apical
membrane of enterocytes (5), although these data remain controversial.
Other investigators performing studies in human hepatoma HepG2 cells
and in a colon cancer cell line (Caco-2) cells have reported the protein to
be co-localized with Rab5, an early endosomal protein (8). Yu et a/. (15)
proposed that the cellular itinerary of NPC1L1 was cholesterol-regulated,
based on studies using immunofluorescence and biotinylation of cell
surface proteins. He observed that cholesterol depletion using cyclodextrin
caused the translocation of NPC1L1 to an “apical-like” subdomain of the
plasma membrane, whereas cholesterol accumulation was associated with

the protein being located in an intracellular compartment.

Mechanism of action of NPC1L1
The molecular mechanism by which NPC1L1 transports cholesterol is not
known. It may directly transport cholesterol from the intestinal lumen into
cells. Alternatively, it may shuttle the cholesterol from the cell surface to
the ER. The protein contained SSD, so may act as a cholesterol biosensor
in the cell, and thus regulate the absorption process. It may work as an
analog of NPC1 and affect cholesterol transport as a consequence of its
effects on sphingolipid transport. My project focuses on if NPC1L1 forms a
larger functional complex with itself or other proteins.

Only a few studies have been performed suggesting that NPC1L1

interacts with other proteins. Ezetimibe was show to disrupt the
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interaction between caveolin-1 and annexin-2 in zebrafish and mouse
intestine (16). These authors suggest that this complex may partner with
NPC1L1 in the cholesterol absorption pathway. However, more recently,
other investigators demonstrated that ezetimibe blocks absorption of
cholesterol in caveolin-1 null mice to the same degree as wild type mice.
Thus the caveolin 1:annexin-2 complex must not have a crucial function in

cholesterol absorption (17).

PRELIMINARY RESULTS

Chendong Yang, a post-doctoral fellow in the Hobbs/Cohen laboratory, has
examined the effect of cholesterol on the migration on a native gel of
NPC1L1 from membranes from Chinese Hamster Ovarian (CHO) K1 cells.

In these experiments a total of 2 ug/ml of cholesterol (complexed to
cyclodextrin) was added to the medium. Immunoblot analysis of the native
gel with an anti-human NPC1L1 antibody revealed a band of the expected
size (175 kDa) cells not receiving cholesterol. In the cholesterol-treated
cells, two bands were seen. One of 175 kDA and one at a higher apparent
molecular mass (230-400 kDa). No slower migrating band was visible when

cells were treated with 25-hydroxycholesterol.
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Figure 3.Blue Native-PAGE of lysates from cells treated with or without
cholesterol. Cells were transfected with hNPC1L1 or empty vector as a control. 36 h
after transfection, cells were treated with or without cholesterol for 6h. Cell lysates

were then subjected to BN-PAGE

The first aim of my project is to determine if this slower migrating

band represents a dimer of NPC1L1 or an association of NPC1L1 with other

proteins. Initial experiments have been performed by expressing
differentially-tagged versions of NPCC1L1 in CHO-K1 and determining if the

two proteins co-immunoprecipitate.
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MATERIALS AND METHODS

Materials

All reagents for cell culture (DMEM-Dulbecco’s Modified Eagle’s Medium,
PBS-Phosphate Buffer Saline, fetal calf serum) were purchased by Cellogro-
Mediatech, Inc. Fugene6 transfection kit and the protease inhibitors
tablets were purchased from Roche. Anti-FLAG monoclonal (M2) antibody
(F-3165) and the anti-FLAG polyclonal antibody (F-7425) were purchased
from Sigma. The anti-Myc polyclonal antibody was purchased by Upstate,
NY (06-549). The anti-Myc monoclonal antibody (9E10) and the anti-
human NPC1L1 rabbit polyclonal antibody were prepared by Cristina Zhao
and Liangcai Nie in the Hobbs/Cohen laboratory. Immobilized protein A
beads were purchased from Repligen, MA. Super Signal West Pico
Enhancer Solution and Super Signal West Pico Stable Peroxide were

purchased from Pierce.

Plasmids

The expression vector used for the experiments was pcDNA3.1 (-)
expression vector (Invitrogen). Expression plasmids with the following
inserts were made: 1) hNPC1L1 cDNA with a FLAG tag at the C-terminus,
2) hNPC1L1 cDNA with 3 myc tags at the C-terminus, 3) hNPC1L1
containing the 1647A mutation and 4) the D798N mutation hNPC1L1 cDNA
with three Myc tags at the C-terminus.

16



Cell culture

CHO-K1 cells were cultured in Dulbecco’s Modified of Eagle’s
Medium/Ham’s F-12 50/50 Mix (DMEM/F-12 50/50,1X)with L-glutamine,
supplemented with 10% Fetal Calf Serum (FCS) and 1% Penicillin and
Streptomycin at 37°C in a 8% CO,. The day before transfection, cells were
seeded in 100 mm dishes at a density of one million cells per dish.
Transient transfections or co-transfections were performed the next day,
when the cell were 50-80% confluent. Transfections were performed using
Fugeneb. The Fugeneb reagent:DNA ratio used in these experiments was
3:1(ul/pg) and the total amount of plasmid DNA added to the dish was 2
ug. Fugeneb was diluted in serum free medium and then DNA was added
to the complex. After a 15 min, the complex was added to cells in a drop
by drop manner. A total of 36 h after transfection, cells were treated with
or without cholesterol. Cholesterol was diluted in 5% MBCD (methyl- B
cyclodextrin) and then added to the medium at a final concentration of 2
Hg/ml.

For the cells treated under cholesterol depletion conditions, the medium
was removed from the dish and the cells were washed with PBS. The
medium was then replaced with DMEM F-12 50/50 supplemented with 5%
NCLPPS-newborn calf lipoprotein-deficient serum (NCLPPS), 10 uM
compactin and 1% cyclodextrin. Compactin inhibits HMG-CoA reductase
and cyclodextrin removes cholesterol from the plasma membrane (18).

The treatment time for these experiments was 6 h.

17



Immunoprecipitation and co-immunoprecipitation

For IP and Co-IP experiments, CHO-K1 cells were washed once with ice-
cold PBS and collected in PBS. Cells were pelleted by centrifugation at
1000 g for 10 min at 4°C. The cell pellets were solubilized with 1 ml of NP-
40 lysis buffer (50 mM Hepes-HCL, pH 7.4, 100 mM NaCl,1.5 mM MgCl,,
1%(v/v) NP-40, 1 mM DTT and one tablet of protease inhibitor cocktail
(per 7-10 ml of buffer). Cells were lysed by pass through a 23-gauge
needle 15 times and then the lysate was rotated for 1 h at 4°C. Cell
lysates were collected by centrifugation at 13,000 rpm for 2.5 min at 4°C.
The lysates were pre-cleared by incubation with 50 ul of pre-equilibrated
(washed 3 times with NP-40 lysis buffer) Protein-A beads, rotating for
overnight at 4°C. After pre-clearing, the supernatants were collected by
centrifugation at 13,000 rpm for 2.5 min at 4°C and transferred to a new
tube containing 10 ul of the first antibody (anti-FLAG or anti-Myc
monoclonal antibody),rotating on a rotary platform at 4°C for 4 h to
overnight. The lysates were then incubated with 50 ul of protein-A beads
for a 4 h to overnight. After centrifugation at 6,000 rpm for 5 min at 4°C,
the beads were washed 3X with 1 ml of NP-40 lysis buffer. Finally, the
beads were precipitated and resuspended in 60 ul of 1X 3% SDS lysis
buffer (for 20ml of buffer:4ml 10%SDS,11ml H20,5ml 4X loading buffer)
containing 1.5 ul of B -mercaptoethanol (2.5%). Samples were boiled at
95°C for 5-10 min and analyzed by 8% SDS-PAGE. The proteins were
transferred to a nitrocellulose membrane (Hybond-C Extra membrane,
Amersham) and immunoblotting were performed using the primary
antibody (1:1000 for the anti-FLAG, anti-Myc and anti-NPC1L1 polyclonal

18



antibodies) for 2 h, followed by incubation with an anti-rabbit IgG
secondary antibody (1:10,000 dilution) for 45 min. The blots were
exposed to Blue X-ray film (Phenix) after treatment with enhanced
chemiluminescence substrate.

RESULTS

Immunoprecipitation of hNPC1L1-FLAG with anti-FLAG antibody.

To determine if the hNPC1L1-FLAG could be efficiently immunoprecipitated
with an anti-FLAG antibody, CHO-K1 cells were transfected with wt-
hNPC1L1-FLAG and pcDNA3.1(-) empty vector as a control. In the same

experiment, we examined the effect of cholesterol on immunoprecipitation
of the protein. The cell lysates were immunoprecipitated with anti-FLAG

monoclonal and immunoblotted with anti-FLAG polyclonal antibodies

Wt-hNPC1L1-FLAG | — | — | 4+ [ +
Vector |+ |+ | — | —
Cholesterol | — [+ | — | 4+

@ o —182

-— - - -

Figure 4. Immunoprecipitation of hNPC1L1-FLAG with anti-FLAG antibody in
presence or absence of the addition of cholesterol-cyclodextrin. CHO-K1 were
transfected with hNPC1L1-FLAG (2 pg) and pcDNA3.1(-)vector (2 pg) using Fugene6
reagent. 36 h after transfection, cells treated with or without cholesterol-cyclodextrin.
Half of the dishes were treated with 2 ug/ml cholesterol. The other half were washed
in PBS and the culture medium was replaced by 5%NCLPPS, containing 10 uM
compactin and 1% MBCD. After 6 h, cells were collected in PBS and harvested by
centrifugation at 1000 g. Cell pellets were resuspend in 1% NP-40 lysis buffer. Cell
lysates were immunoprecipitated with anti-FLAG monoclonal antibody and incubated
with 50 pl of protein A beads. After IP, the proteins from the cell lysates were
subjected to SDS-PAGE and immunoblotting with an anti-FLAG monoclonal antibody
(see Methods). A band at ~60 kDa is a nonspecific band.
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No band was present in the cells transfected with empty vector, whereas a
band of the expected size was seen in the cells expressing the FLAG-
tagged NPC1L1. Intensity of the band was significantly higher in the cells
that were in cholesterol-depleted medium. The observation that there
were similar amount of a nonspecific band (~60 Kda) in the cells lines
suggest this different was not due to recovery. The difference in intensity
may be due to a difference in expression level (due to post-translational
degradation) or to differences in the efficiency of immunoprecipitation.

In cholesterol abundant conditions, NPC1L1may undergo a conformational
change (possibly due to interactions with other proteins) so is not
recognized well by the anti-FLAG antibody. Alternatively, NPC1L1 may be
localized in a cellular compartment that cannot be solubilized by NP-40 lysis
buffer. In this case, increased cholesterol levels may lead to translocation
of NPC1L1 in cellular structures like lipid rafts.

To address these possibilities, we will repeat the experiments and perform
the following analyses:

1) Assess the efficiency of the immunoprecipitation by determining the
amount of protein in the supernatant as well as in the pellet.

2) Alter the concentration of the detergent used to solubilize the cell
lysate.

3) Determine if the same result is obtained when another tagged form of
NPC1L1 is used.

Immunoprecipitation of hNPC1L1-Myc with anti-Myc antibody
Next we tested if the anti-Myc antibody could IP of Myc-tagged hNPC1L1.

20



Cells where transfected with hNPC1L1-Myc, 1647A-Myc and empty
pcDNA3.1(-) vector and then treated with cholesterol as described in the
Methods. The lysates and the beads alone were subjected to
immunoprecipitation using the anti-Myc antibody. Beads alone were
included in the experiment to confirm that NPC1L1 is immunoprecipitated
specifically by the antibody and does not attach nonspecifically to the
beads. Cell lysates were immunoprecipitated with anti-Myc monoclonal

antibody and immunoblotted with anti-Myc polyclonal antibody.

Wt hNPC1L1- | 4+ |- |- |-
Myc

1647A-Myc e o]

Vector - |- + | -

Beads - - |- |+

Figure 5. Immunoprecipitation of wt hNPC1L1 and hNPC1L1-I1647A with
anti-Myc antibody.CHO-K1 cells were transfected with hNPC1L1-Myc(2ug),1647A-
Myc(2ug) and pcDNA3.1(-) empty vector(2ug)as a negative control. 36h after
transfection,cholesterol added to cell medium in a final concentration of 2ug/ml.Cells
were treated with cholesterol for 6h. Then, cells were collected in PBS, harvested by
centrifugation at 1000g and cell pellets were resuspend in 1% NP-40 lysis buffer.Cell
lysates were immunoprecipitated with anti-Myc monoclonal antibody.Cell lysates were
also incubates with protein A beads only,without the presence of antibody in order to
test the specificity of IP. Immunoprecipitated cell lysates were subsequently
immunoblotted with anti-Myc polyclonal antibody.
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A major band of the expected size (~180 kDa) was seen in the cells
expressing both wt hNPC1L1 and hNPC1L1-1647A. The
immunoprecipitation was specific since no bands were seen in the absence

of the antibody or in the cell lysates transfected with the empty vector.

Co-Immunoprecipitation of different tagged hNPC1L1 proteins

Previously, Yang had shown that addition of cholesterol to cells was
associated with the presence of a slower migrating band on native gel
electrophoresis that was detected with a NPC1L1-specific antibody (Figure
3). The size of the higher molecular weight band (230-400 kDa) was
estimated to be similar to the size of a dimer of NPC1L1 (~350 kDa). To
determine if addition of cholesterol is associated with dimerization of
NPC1L1, we performed a co-immunoprecipitation experiment after
expressing hNPC1L1 containing two different epitope tags (FLAG and Myc)
in the same cells in the presence of cholesterol. CHO-K1 cells were
transfected with the following plasmids: empty vector, hNPC1L1-FLAG
alone, hNPC1L1-Myc alone, and hNPC1L1-FLAG plus hNPC1L1-Myc. Cells
were treated with cholesterol at a final concentration 2 pug/ml.

Cell lysates were placed in duplicate tubes and immunoprecipitated
with either the anti-FLAG or the anti-myc monoclonal antibody. The
immunoprecipitates were then subjects to immunoblotting using the
complementary antibody. The filters were striped and allowed to incubate
with an anti-hNPC1L1 antibody.
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Figure 6. Co-immunoprecipitation of hNPC1L1-FLAG and hNPC1lL1-Myec.
Immunoprecipitation of vector,hNPC1L1-FLAG and hNPC1L1-Myc are the
controls of IP efficiency and specificity.CHO-K1 cells were transfected with pcDNA
3.1(-)vector,hNPC1L1-FLAG,hNPC1L1-Myc or co-transfected with hNPC1-FLAG and
hNPC1L1-Myc. 2ug of each plasmid were used for transfection. 36h after transfection,
2ug /ml of cholesterol were added in each dish. Cells were collected after 6h
,harvested by centrifugation at 1000g and cell pellets were resuspend in 1ml of 1% NP-
40 lysis buffer. Cell lysates were placed in duplicated tubes and immunoprecipitated
with 10ul of either the anti-FLAG or the anti-Myc antibody. Then, the
immunoprecipitated samples were immunoblotted with the complementary
antibody.Finally, the same nitrocellulose membrane were striped and re-immunoblotted
with anti-hNPC1L1 antibody.

No bands were present under these conditions in lysates from cells
transfected with only a single plasmid. Immunoblotting with anti-hNPC1L1
verifies that the cells expressed the proteins and that the tagged versions
of NPC1L1 were IP'd. Only when hNPC1L1-FLAG and hNPC1L1-Myc are co-
expressed in cells are bands of the expected size found. Vector, FLAG-

tagged protein and Myc tagged protein represent a control and failed to

pull down any protein.
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In this experiment a slower migrating band was found that has an
apparent molecular mass of ~300-400 kDa. This band may represent a

dimer of NPC1L1, or alternatively, may be due to aggregation of protein.

DISCUSSION

These results, when taken together, are consistent with NPC1L1 forming a
dimer, and that dimerization is promoted by the addition of cholesterol to
cells. Many questions remain regarding this result. When and where in
the cell do the NPC1L1 dimers form? Does NPC1L1 for even larger
molecular complexes with itself or with other proteins? How does
interference with dimer formation impact on the function of the protein?

We will address these questions by pursuing the following experiments.

1) Further characterize the relationship between dimerization and the
cholesterol content of cells. Does the addition of cholesterol to cells
promote dimerization? CHO-K1 cells will be co-transfected with hNPC1L1-
FLAG and hNPC1L1-Myc in the presence or absence of cholesterol and
assayed for co-immunoprecipitation. In these experiments we will also
assess the effect of cholesterol on the amount of NPC1L1 as reviewed

previously.

2) We will determine if NPC1L1 complexes with other cellular proteins
under high-cholesterol conditions. For these studies we will perform
cellular fractionation studies using gel filtration with standards to estimate

the size of the higher molecular weight complex. We will
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immupoprecipitate NPC1L1 and analyze co-immunoprecipitated proteins

using sliver stain gels and mass spectrometry.

3) We will determine if the SSD of NPC1L1 behaves in a similar fashion to
the SSD of SCAP and interacts with another protein. Previously, Brown
and Goldstein found that two mutations in SCAP result in a failure to
downregulation SREBP cleavage with cholesterol repletion by interfering
with the association of SCAP with another protein (INSIG). To test
whether hNPC1L1 behaves in a similar fashion, we have made one of the
mutations in the corresponding residues of hNPC1L1 (D798N). We also will
examine the effect of another mutation in the SSD that was found in a
person with very low levels of cholesterol absorption (I647N) (11).

Cells will be co-transfected with wt FLAG-NPC1L1 and Myc-tagged
mutants or with Flag-tagged and Myc-tagged mutants to examine if mutant

NPC1L1 has the ability to form the higher molecular weight complex.

4) NPC1L1 contains a SSD so it may act as a cholesterol sensor. We will
determine if NPC1L1 interacts with either Insig-1 and/or Insig-2. We will
perform co-immunoprecipitation experiment to determine if ANPC1L1 and

Insig-1 or Insig-2 interact when co-transfected in cells.

5) Determine how changes in cellular cholesterol content affect the
subcellular localization of NPC1L1. For these experiments we will use both
biochemical methods and immunocytochemistry. Cells transfected with
hNPC1L1 (and vector alone) and will be treated with and without
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cholesterol. Then the cell surface proteins will be biotinylated and the cell
lysates will be immunoprecipitated with avidin beads. After IP, cell lysates
will be analyzed by SDS-PAGE and immunoblotting with anti-hNPC1L1
antibody. This experiment will address whether NPC1L1 moves to the
plasma membrane in response to changes in the cellular cholesterol
content. We will also use our NPC1L1 antibodies to examine the cellular

distribution of NPC1L1 in response to cholesterol treatment.
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