4892 Biochemistry2000, 39, 4892-4899
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ABSTRACT: Apolipoprotein B (apoB) and microsomal triglyceride transfer protein (MTP) are essential for
the efficient assembly of triglyceride-rich lipoproteins. Evidence has been presented for physical interactions
between these proteins. To study the importance of adBP binding in apoB secretion, we have
identified a compound, AGI-S17, that inhibited (600% at 4QuM) the binding of various apoB peptides

to MTP but not to an anti-apoB monoclonal antibody, 1D1, whose epitope overlaps with an MTP binding
site in apoB. AGI-S17 had no significant effect on the lipid transfer activity of the purified MTP. In
contrast, another antagonist, BMS-200150, did not affect afdBP binding but inhibited MTP’s lipid
transfer activity. The differential effects of these inhibitors suggest two functionally independent, apoB
binding and lipid transfer, domains in MTP. AGI-S17 was then used to study its effect on the lipid transfer
and apoB binding activities of MTP in HepG2 cells. AGI-S17 had no effect on cellular lipid transfer
activities, but it inhibited coimmunoprecipitation of apoB with MTP. These studies indicate that AGI-
S17 inhibits apoB-MTP binding but has no effect on MTP’s lipid transfer activity. Experiments were
then performed to study the effect of inhibition of apeBITP binding on apoB secretion in HepG2
cells. AGI-S17 (4QuM) did not affect cell protein levels but decreased the total mass of apoB secreted
by 70-85%. Similarly, AGI-S17 inhibited the secretion of nascent apoB by &, but did not affect
albumin secretion. These studies indicate that AGI-S17 decreases apoB secretion most likely by inhibiting
apoB-MTP interactions. Thus, the binding of MTP to apoB may be important for the assembly and
secretion of apoB-containing lipoproteins and can be a potential target for the development of lipid-
lowering drugs. It is proposed that the apoB binding may represent MTP’s chaperone activity that assists
in the transfer from the membrane to the lumen of the endoplasmic reticulum and in the net lipidation of
nascent apoB, and may be essential for lipoprotein assembly and secretion.

The presence of a neutral lipid transfer activity in the for the lipid transfer activity [for reviews, se&,(4)]. The
lumen of the endoplasmic reticulum was identified based importance of the 97 kDa subunit in the assembly and
on in vitro lipid transfer assays using lumenal contents of secretion of apoB-containing lipoproteins was established
the endoplasmic reticuluni(2). Subsequently, the protein  using three independent approaches. First, mutations in the
responsible for the lipid transfer activity, the microsomal 97 kDa polypeptide were shown to be responsible for the
triglyceride transfer protein (MTP)was purified to homo-  |ack of apoB-containing lipoproteins in the plasma of
geneity and was shown to consist of two polypeptides of 97 ingividuals with abetalipoproteinemia [for reviews, s&e (
and 55 kDa subunits. The 55 kDa polypeptide was shown 41 second, coexpression of the 97 kDa polypeptide with

to be a ubiquitous enzyme, protein disulfide isomerase, thaty g in cells that do not secrete lipoproteins has been shown

is prese.nt i.n th.e endoplasmic reticulum. The 97 kpa to be sufficient for lipoprotein assembly and secretibf (
polypeptide is unique and has been shown to be responS|bIe7)_ Third, compounds that inhibit MTP’s lipid transfer

activity in vitro and decrease apoB secretion in cell cultures
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are critical for its binding to MTPZ0). Within this region, of [®H]triolein from the donor to acceptor small unilamellar
apoB and MTP can interact at multiple sit&®2(23. One vesicles 9, 26, 28).

of the MTP binding sites has been recently localized to amino  The effect of AGI-S17 on intracellular apeBVTP
acids 276-570 1). In the present investigations, we have pinding was evaluated by coimmunoprecipitatia)( First,
attempted to understand the importance of apbHP we determined the effect of different concentrations of AGI-
binding. For this purpose, we identified a novel antagonist, S17 (6-40 uM) on the binding of polyclonal antibodies to
AGI-S17, that inhibits apoBMTP binding without affecting ~ MTP using Western analysis and the chemiluminescence
MTP’s lipid transfer activity in vitro and in cells. AGI-S17  detection system. AGI-S17 did not inhibit the binding of
decreased apoB secretion in hepatoma cells, indicating thaolyclonal antibodies to the 97 kDa subunit (data not shown).
these interactions play an important role in the assembly andwe also studied the effect of AGI-S17 on the binding

secretion of apoB-containing lipoproteins. between apoB and its polyclonal antibody using ELISA.
Again, AGI-S17 did not inhibit the recognition of apoB by
MATERIALS AND METHODS its polyclonal antibodies (data not shown). These experiments

indicate that AGI-S17 does not inhibit antigeantibody
interactions. Next, cells were incubated with different
concentrations of AGI-S17 for 6 h, collected in a nondena-
turing buffer (62.5 mM sucrose, 0.5% sodium deoxycholate,
0.5% Triton X-102, 150 mM NaCl, 5 mM EDTA, 50 mM
Tris-HCI, pH 7.4, and protease inhibitors), and immunopre-
cipitated with anti-97 kDa MTP subunit antibody. Immu-
noprecipitates were separated on Sip8lyacrylamide gels,
transferred to nitrocellulose membranes, and blocked with
PBS-Tween containing 5% nonfat dried milk. Membranes
were probed with sheep anti-human apoB antibodies (1:1000
dilution) and peroxidase-conjugated protein A (1:5000 dilu-
tion). The presence of apoB100 bands was visualized using
enhanced chemiluminescence reagents (Amersham, Piscat-
away, NJ) and fluorography.

Effect of AGI-S17 on the Secretion of ApoB by Cultured
Cells. To determine the effect of AGI-S17 on the secretion
of nascent apoB, HepG2 cells (25 ftasks) were prein-
cubated in serum-, cysteine-, and methionine-free medium
for 2 h and radiolabeled with a mixture of radiolabeled amino
acids (Expré®S*®S, New England Nuclear) in the presence
of various concentrations of AGI-S17 for 6 h. ApoB or

Materials. AGI-S17 (602 Da) and AGI-3 (616 Da) are
synthetic organic compounds of proprietary nature from
Atherogenics Inc. Other compounds, BMS-200150 and CP-
10447, were kindly provided by Bristol-Myers Squibb and
Pfizer, respectively. Stocks (10 mM) of these compounds
were prepared in dimethyl sulfoxide. Antibodies against MTP
were kindly provided by Dr. Haris Jamil (Bristol-Myers
Squibb). Egg phosphatidylcholine, cardiolipin, and triglyc-
erides; and JC]triolein and PH]phosphatidylcholine used
for vesicle preparations were purchased from Avanti Polar-
Lipids (Alabaster, AL) and New England Nuclear (Boston,
MA), respectively. Other chemicals were from Sigma
Chemical Co. (St. Louis, MO).

Cells.HepG2 cells were obtained from the American Type
Culture Collection (Rockville, MD), and cultured in minimal
essential medium containing 10% fetal bovine serum (Bio-
fluids, Maryland, MD) and 1% antibioticantimycotic (Life
Technologies, Grand Islands, NY). McA-RH7777 cells stably
transfected with human apoB18 or apoB28 cDN24,(29
were grown in Dulbecco’s modified medium (DMEM)
containing 10% fetal bovine serum, 10% horse serum, and

1% antibiotic-antimycotic. . X - . .
. . o albumin was immunoprecipitated from cells and media using
MTP’s Lipid Transfer Actity and ApoB-MTP Binding. sheep anti-human apoB or anti-human albumin antibodies

Heterodimeric MTP was purified and assayed using synthetic (Boehringer Mannheim), separated on polyacrylamide gels,

unilamellar donor and acceptor vesicles as descriie@,(  gynosed to Phosphorimager screens, and visualized using
9, 19, 26. Various concentrations of different compounds Phosphorimager 445SI (Molecular Dynamics, Sunnyvale,

were included during assays, and inhibition of the transfer -y hdividual bands were quantitated, and the local average
of radiolabeled triglycerides and phospholipids was deter- background was subtracted using Imagequant Program.

mined by scintillation counting. For apeBVITP binding, . i
ELISA plates were coated with purified MTP gig/well) To determine the effect of AGI-S17 on the total_mass of
. A ) . apoB secreted, HepG2 cells (24-well plates) were incubated
and incubated in triplicate with human LDL ¢dg/well) in th vari X P A h h
the presence of the indicated concentrations of variousWlt various concentrations o AGI.'Sl? or 6 h, and the
amount of apoB secreted was quantitated by ELIS3\ 27).

compounds as described befoté{21). Microtiter wells In addition, the conditioned medium was subjected to densit
were washed (8) with PBS-Tween, and apoB bound was . ' : . jected y
gradient ultracentrifugation2@), and apoB in different

quantified by a sandwich ELISA26, 27). fractions was quantitated,

Cellular Lipid Transfer Actiities and ApoB-MTP Bind- . : -
. X ! Other AnalysesProtein was determined using the Coo-
g?fégﬁf fgngeerl:fraﬁiscrrffféﬁ?)s 1v;efr§r 'gcﬁb%tgﬁs Wltahre massie Plus reagent (Pierce Chemical Co., Rockford, IL) with
cIoIIected " PBS eIIIeted homogenized in 1 'mL of 5(\;VmM BSA as a standard3(). Optical density in ELISA plates
! P : genizedi was measured at 405 nm using a Dynatech MRX microplate

Kci’hsl mll\;l EEI)-If_IA I(?C;Jpeggn (I%AO%_‘Q/T_%I tn;fM phan¥l-4 reader (Dynatech Labs, Chantilly, VA). The data were plotted
methylsuttony? fluoride, m rs- utier, P 7%, 45 the meart the standard deviation.

and incubated on ice for 30 min. Cell lysates were adjusted

to 1 mg of protein/mL, 0.054% sodium deoxycholate, pH REsyLTS

7.4, incubated on ice for 1 h, and centrifuged to remove

cellular debris. The supernatant was dialyzed extensively Identification of an Antagonist That Inhibits Ape®TP
against 15 mM Tris-HCI buffer, pH 7.4, containing 40 mM Binding and Does Not Affect the Lipid Transfer Adtti of
NaCl, 1 mM EDTA, and 0.02% sodium azide. Dialyzed cell MTP. To evaluate whether apeBVTP binding might be
lysates (10Qg of protein) were used to measure the transfer important for the secretion of apoB-containing lipoproteins,
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Ficure 1: Effect of different compounds on LDEMTP interac-
tions and MTP’s lipid transfer activity. (A) Effect on LDEMTP
binding. Heterodimeric MTP (g/well) was immobilized and AGI-S17 [UM]
incubated in triplicate with LDL (lug/well) in the presence and

absence of various concentrations of different compounds for 2 h FIGURE 2: Effect of AGI-S17 on the binding of different apoB
as described under Materials and Methods. The LDL bound to MTP polypeptides to MTP. (A) Effect on apoB100 binding. Serum-free
was quantitated by ELISA. Controls did not contain any drug but conditioned medium (24 h) obtained from HepG2 cells that secrete
did contain dimethyl sulfoxide. The data are representative of six only apoB100 was incubated in triplicate with immobilized 1D1
independent experiments. (B) Effect on MTP’s lipid transfer or MTP for 2 h in thepresence of the indicated concentrations of
activity. MTP’s triglyceride transfer activity was determined in  AGI-S17. ApoB bound was quantitated by ELISA, and the percent
triplicate using purified MTP (lug/assay) and synthetic lipid  inhibition was plotted. (B) Effect on apoB18 binding. MTP was
vesicles in the presence and absence of the indicated concentrationgnmobilized and incubated with conditioned media obtained from
of different compounds as described under Materials and Methods.McA-RH7777 cells stably transfected with apoB18 in the presence

The data are representative of three independent experiments. Meawf various concentrations of AGI-S17rf@ h asdescribed under
+ standard deviations are plotted. Materials and Methods. The apoB bound was quantitated by ELISA.
Each point represents a meanstandard deviation.

we screened several compounds that might inhibit these o o
interactions without affecting the lipid transfer activity of ~activity, whereas AGI-S17 inhibits LDEMTP binding
MTP. Representative data for three compounds are presented/ithout affecting MTP's lipid transfer activity.

(Figure 1). In the absence of any compound, 15.8.8 fmol To determine the specificity of the effect of AGI-S17 on
of LDL was bound to immobilized MTP, which was similar the binding of apoB to MTP, we studied the effect of AGI-
to that reported previously1@). AGI-3 and AGI-S17 S17 on the binding of apoB polypeptides to MTP and a
inhibited 72 and 71%, respectively, of the binding a4 monoclonal antibody, 1D1 (Figure 2A). 1D1 recognizes
(Figure 1A). In contrast, BMS-200150, an inhibitor of MTP’s amino acids 474539 in apoB 81, 32, and this epitope
lipid transfer activity, did not affect LDEMTP binding. ~ overlaps with an MTP binding site, amino acids 28Y0,
Similarly, other MTP inhibitors, CP-10447, BMS-192951, in apoB @1). AGI-S17 (40uM) inhibited the binding of
and BMS-197636, did not affect LDEMTP binding (data ~ @poB100 to MTP by about 60% but had no inhibitory effect
not shown). Next, we evaluated the effect of these com- On its binding to 1D1 (Figure 2A). A likely explanation is
pounds on MTP’s lipid transfer activity. As expected, BMS- that AGI-S17 interacts with MTP, but not with 1D1, and
200150 inhibited the triglyceride transfer activity (Figure 1B). inhibits its binding to apoB.

AGI-3 (40 uM) inhibited 32% of the activity at this To examine whether the continuous presence of AGI-S17
concentration. In contrast, AGI-S17 inhibited neither the is required for the inhibition of LDEMTP binding, the
triglyceride (Figure 1B) nor the phospholipid (data not immobilized MTP was preincubated with AGI-S17, washed,
shown) transfer activity of MTP. These studies suggested and then incubated with LDL. No inhibition for the binding
that AGI-3 inhibits both LDI--MTP interactions and MTP  of LDL to MTP was observed (data not shown), indicating
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that the presence of AGI-S17 is necessary for the inhibition A. Microsomal Triglyceride Transfer Activity
of LDL—MTP binding. 0.05-
Next, we studied the effect of AGI-S17 on the binding of
apoB18 to MTP (Figure 2B). Among the several truncated
forms of apoB tested, maximal binding to MTP was observed
for apoB18 (9, 20. A progressive increase in the concentra-
tion of AGI-S17 resulted in increased inhibition of apoB18
MTP binding. At 40uM, it inhibited 60% of the binding
between apoB18 and immobilized MTP. We have previously
shown that AGI-S17 inhibits the binding of a FLAG/apoB
chimera expressing amino acids B:2770 to MTP but not

% TG transfer / ng
protein/ h

© o o o

o o o o

R R s

to M2, a monoclonal antibody that recognizes the FLAG 0.00 0.0 100 200 300 400
epitope R1). These studies showed that AGI-S17 specifically AGI-S17 [uM]
inhibits the binding of different apoB polypeptides to MTP
but does not affect their binding to 1D1. Since the binding B. Coimmunoprecipitation of ApoB100 with MTP
epitopes of 1D1 and MTP are overlappiri (32, it is likely - - - ~ .
that AGI-S17 interacts with MTP and prevents the binding 100~ ) .
of different apoB polypeptides to MTP.

In Vivo Effect of AGI-S17 on the Lipid Transfer and ApoB ~ 80
Binding Actiities of MTP.To study the effect of AGI-S17 o 2
on MTP’s lipid transfer activity, HepG2 cells were incubated 2 g 60
with different concentrations of AGI-S1716 h (Figure 3A). c§_,}_’
Cell lysates were used to assay for the lipid transfer activity < ‘: 40+
(9, 26). Incubation of cells with different concentrations of <
AGI-S17 had no effect on the triglyceride transfer activity 20+
of microsomal MTP (Figure 3A). Similarly, phospholipid
transfer activity in cell lysates was not affected (data not 0 00 100 200 300 400
shown). As expected, incubation of cell lysates with BMS- AGI-S17 [uM]

200150 resulted in significant inhibition of the lipid transfer . 3: Effect of AGI-S17 on the lipid transfer and apoB binding
o . IGURE 3: - ipi indi
activities (data not shown). These studies show that AGI- activities of MTP in HepG2 cells. HepG2 cells were incubated with

S17 has no effect on cellular lipid transfer activity. - the indicated amounts of AGI-S17 in serum-free media containing
Next, we studied the effect of different concentrations of 1% bovine serum albumin fo6 h asdescribed under Materials
AGI-S17 on intracellular apoBMTP binding (Figure 3B). and Methods. (A) Cells were lysed as described under Materials

Cells were incubated with different concentrations of AGI- and Methods, and 100g of protein was used for in vitro lipid

. - transfer activity using®H]triolein. Mean+ standard deviations)
S17 for 6 h, and MTP was immunoprecipitated under _ 3, are plotted as bar graphs and error bars, respectively. (B) Cells

nondenaturing conditiond {, 1§. Immunoprecipitates were  were lysed under nondenaturing conditions, and MTP was immu-
separated on polyacrylamide gels and transferred to nitrocel-noprecipitated with 1@.L of anti-MTP antibodies. The immuno-
lulose, and the presence of apoB100 was visualized usingPrecipitates were washed, eluted in sample buffers, separated on a

; ; ; 5% polyacrylamide gel, transferred to nitrocellulose, and reacted
polyclonal antibodies (Figure 3B). Treatment of HepG2 cells with anti-human apoB antibodies, and bands were visualized using

with 30 an_d 4Q‘M A_GI'S]'? r?SUItEd ina r_ne_lrk(_ed decrease chemiluminescence detection reagents and fluorography. The bands
(50—80% inhibition) in the coimmunoprecipitation of apoB  were scanned, quantified using a densitometer, and plotted as bar
with MTP. These studies indicate that AGI-S17 inhibits graphs. The data are a representative of two independent experi-
intracellular apoB-MTP binding. ments.

Effect of AGI-S17 on the Secretion of ApoB by HepG2 ) ) ) o
Cells. We used two independent approaches to study the2P0B100 WIthOl.!t affecting the secretlon.of aIpumm (Figure
effect of AGI-S17 on the secretion of apoB. In the first 4A)- The experiment was repeated using triplicate wells.
approach, the effect of AGI-S17 on the secretion of newly AGI-S17 (40uM) inhibited apoB secretion by 61% 9%,
synthesized apoB was determined. For this purpose, HepGiOUt had no effe_ct on albumin secretion. Thes_e studies indicate
cells were labeled with3jS]methionine fo 6 h in the  that AGI-S17 inhibits nascent apoB secretion.
presence and absence of AGI-S17, and the secretion of In the second approach, we quantified the effect of AGI-
apoB100 and albumin was studied (Figure 4A). Albumin has S17 on the secretion of total mass of apoB by ELISA (Figure
been used as a control for apoB secretion in several studieg}B). Total protein content in HepG2 cells was not affected
under similar conditionsi(l, 33-36). Different concentra- by incubation with AGI-S17, but apoB secretion was
tions of AGI-S17 (6-40.M) did not affect the incorporation  inhibited by 73% at 4QuM (Figure 4B). Taken together,
of radiolabeled amino acids into newly synthesized or these studies show that AGI-S17 specifically inhibits apoB
secreted proteins as determined by trichloroacetic acid secretion.
precipitation (data not shown). Next, we studied the effect To investigate further the effect of inhibition of apeB
of AGI-S17 on the secretion of apoB and albumin. In this MTP binding on the flotation properties of secreted apoB,
experiment, the amount of apoB or albumin secreted by conditioned medium obtained from cells incubated either
HepG2 cells was not inhibited by treatment of cells with 20 with or without AGI-S17 was subjected to a density gradient
or 30uM AGI-S17. In contrast, treatment of cells with 40 ultracentrifugation (Figure 5). In the absence of AGI-S17,
uM AGI-S17 resulted in a 76% decrease in the secretion of HepG2 cells secreted apoB mainly as LDL-size particles.
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A inhibited by 84%. Under these conditions, no LDL-size
A B particles were observed. However, reduced amounts of HDL-
PO Land - - size particles were secreted in the presence of AGI-S17. We
also studied the effect of BMS-200150 on the flotation
Albumin _ properties of secreted lipoproteins. As expected, BMS-
200150 significantly decreased (73% inhibition) apoB secre-
tion. More important, the major effect was on the secretion
0 20 30 40 of LDL-size particles. These studies indicated that inhibition
of either apoB-MTP binding or MTP’s lipid transfer activity
AGI Sl7 [ M results in decreased secretion of apoB-containing lipopro-
= p- ] teins. Thus, the phenotypic effect of inhibiting two indepen-
dent functions of MTP is very similar.

100
T Cell protein DISCUSSION
- 75_-ApoB1OO We have identified a novel antagonist, AGI-S17, that
O inhibited apoB-MTP binding but did not affect MTP’s lipid
B transfer activity (Figure 1). Treatment of HepG2 cells with
= sob AGI-S17 had no effect on intracellular lipid transfer activities
£ (Figure 3A). However, it decreased the amounts of apoB
R coimmunoprecipitated with MTP (Figure 3B). Furthermore,
25 it decreased apoB secretion in hepatoma cells (Figure 4).
T ’L The extent of inhibition by AGI-S17 (4QM) on the
0 I L | coimmunoprecipitation of apoB with MTP (Figure 3B) and
10.0 20.0 30.0 40.0 apoB secretion (Figure 4B) by HepG2 cells was similar.
AGI-S17 [uM] Thus, AGI-S17 most likely inhibits apoB secretion by

inhibiting intracellular apoB-MTP binding and may repre-
FicurRe 4: Effect of AGI-S17 on the secretion of apoB polypeptides sent a novel class of compounds that can be useful in

by HepG2 cells. (A) Effect on the secretion of nascent apoB. Cells decreasing LDL levels in certain hyperlipidemias independent
were incubated with different concentrations of AGI-S17 in serum-, of their etiolo

methionine-, and cysteine-free medium containing 1% bovine serum ) 9y ) o o
albumin and 10Q«Ci/mL Expre®S®S for 6 h. ApoB and albumin Different experimental conditions and inhibitors have
were immunoprecipitated sequentially using polyclonal antibodies, different effects on lipid transfer and apoB binding activities
separated on polyacrylamide gels, and exposed to Phosphorimagepf M TP. Previously, we had demonstrated that immobiliza-

screens. (B) Effect on the secretion of total apoB mass. HepG2 .. ; G L
cells were incubated in triplicate with different concentrations of tion of MTP results ',WSO% |0.SS of It.s'llpld transfer activity
AGI-S17 in serum-free medium containing 1% bovine serum (19), whereas the binding of immobilized and soluble MTP

albumin for 6 h. Control cells received dimethyl sulfoxide only. to apoB peptides was simila21). These studies suggest that
ApoB in the conditioned media was measured by ELISA. The data immobilization of MTP results in partial loss of the lipid

are representative of five independent experiments. transfer activity but has little effect on apoB binding. In the
Vbl Lol DL present study, we have demonstrated that BMS-200150, an
D S inhibitor of MTP’s lipid transfer activity, has no effect on
e apoB—MTP interactions (Figure 1A). Similarly AGI-S17
207 o Control inhibits apoB-MTP binding, but has no effect on the lipid
216 A BMS,200150 transfer activity of MTP (Figures 1 and 3). Thus, the
Q. e AGI-S17 heterodimeric MTP contains at least two independent
& 8] functional domains that are involved in apoB binding and

lipid transfer activity, respectively.

The present study shows that AGI-S17 decreases apoB

0+ H e ot I BB secretion, indicating that apeBVITP binding is physiologi-

0 2 4 6 8 1012 14 16 18 20 22 cally important for its secretion. In another study, mutation
Fractions of an arginine residue that disrupts a salt bridge within apoB

Ficure 5: Effect of inhibition of MTP activities on the secretion  has been shown to decrease the binding of apoB to MTP

of apoB-containing lipoproteins. HepG2 cells were incubated with gn(d its secretion22, 23. In both these studies, the lipid

either dimethyl sulfoxide (control), AGI-S17 (40M), or BMS- -
200150 (1QuM) in DMEM containing 1% bovine sefum albumin transfer activity of MTP was not affected. Thus, the assembly

for 6 h. KBr (1 g) was added to the conditioned media (2 mL), @nd secretion of apoB-containing lipoproteins may require
sequentially overlayed with 2, 2, 2, and 3 mL of 1.21, 1.063, 1.019, both apoB binding and lipid transfer activities of MTP. Both
and 1.006 g/mL density solutions, and centrifuged (SW41 rotor, of these activities may function independent of each other.

40 000 rpm, 12°C, 24 h), and different fractions (0.5 mL) were : ) o i RTRE
collected from the top of the tube. ApoB was measured in each It is well knownl t_hat. MTP’s lipid transfer act.|V|ty IS .
fraction by ELISA. The distribution of apoB in different fractions necessary for the lipidation of nascent apoB and lipoprotein

is presented. assembly. What would then be the role of protgmmotein
interactions between apoB and MTP? It has been suggested
This is in agreement with several published studids 87 that the nascent apoB interacts with the inner leaflet of the

39). In the presence of AGI-S17, total apoB secretion was endoplasmic reticulum membrangQj. It is proposed that
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Ficure 6: Proposed roles for apeBMTP binding in lipoprotein assembly. (A) Role of ape®ITP binding. First line: The nascent apoB
polypeptide is shown associated with the inner leaflet of the ER membrane, and MTP has been depicted to contain two independent, lipid
transfer and apoB binding, domains. When the nascent polypeptide containing the MTP binding site emerges toward the lumenal side of
the ER, it interacts with MTP. A successful binding between these proteins will result in complete translation, translocation into lumen, and
assembly of apoB into lipoprotein particles. Second line: If the binding between these proteins is inhibited (represented by “X”) by the use
of inhibitors, such as AGI-S17, or mutations in MTP binding sites, then the transfer of apoB from the endoplasmic reticular membrane to
the lumen may be inhibited. However, the translation of apoB mRNA may continue. The nascent apoB polypeptide will then be exposed
to the cytoplasmic side of the ER and will bind to cytoplasmic proteins, such as ubiquitin and heat shock protein 70 (hsp70), and be
targeted for degradation by proteosomes. (B) Hypothetical steps in lipoprotein assémidlyP binding.MTP may first interact with

nascent apoB via its apoB binding domain. The lipid transfer domain may or may not contain lipids. These interactions may help in the
detachment of the nascent polypeptide from the endoplasmic reticulum memiR2ahgsd extraction.The MTP bound to apoB can

extract lipids from membranes. If MTP contains lipid molecules in its lipid transfer domain, this step may not3o¢dpid transfer MTP

may transfer lipid molecules from its lipid transfer domain to apoB and thus lipidate the nascent apoB polygeptidensie lipidation
Continuous lipidation of the amphipathfestrands in the nascent polypeptides would occur at the lumenal side of the endoplasmic reticulum.
This lipidation may be facilitated by other MTP molecules that are not associated with &pBBlease of MTRWhen small primordial
lipoproteins are formed, MTP may dissociate from the particles. Under certain conditions, the primordial lipoproteins are secreted. These
steps (1 through 5) may constitute the so-called “first step” of lipoprotein assembly resulting in the formation of primordial lipoproteins.
The primordial lipoproteins undergo “core expansion” leading to the assembly of nascent lipoproteins.

as soon as the nascent polypeptide containing the MTPintracellular degradation most likely involving proteosomes.
binding site emerges toward the lumenal side of the endo- Protein—protein interactions between apoB and MTP may
plasmic reticulum, it interacts with MTP (Figure 6A); i.e., also be important for the net lipidation of nascent apoB.
apoB-MTP binding may precede lipidation of apoB because Several hypothetical steps involving apoB binding and lipid
the MTP binding site Z1) is translated prior to the lipid transfer activities of MTP are shown in Figure 6B. As
binding domains41, 42 of apoB. Thus, MTP by interacting  discussed above, apeBATP binding may result in the
with nascent apoB may act first as a chaperone beforedetachment of the nascent polypeptide from the membrane,
lipidating the nascent apoB. Inhibition of these interactions exposing either the lipid binding domain of apoB or apoB
may lead to decreased translocation of the nascent peptidehospholipid disks that can nucleate lipoprotein assembly.
into the lumen, decreased lipoprotein assembly, and increasedMTP bound to apoB may extract lipids from the ER
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