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Background: ATP is required to generate the pre-chylomicron transport vesicle from intestinal ER.

Results: FABP1, part of a four protein complex, is split from the complex by phosphorylation of Sarlb enabling ER binding.
Conclusion: Phosphorylation of Sar1lb enables FABP1 to bind to the ER.

Significance: Control of Sarlb phosphorylation controls chylomicron exit from the ER.

Native cytosol requires ATP to initiate the budding of the
pre-chylomicron transport vesicle from intestinal endoplasmic
reticulum (ER). When FABP1 alone is used, no ATP is needed.
Here, we test the hypothesis that in native cytosol FABP1 is pres-
ent in a multiprotein complex that prevents FABP1 binding to
the ER unless the complex is phosphorylated. We found on
chromatography of native intestinal cytosol over a Sephacryl
S-100 HR column that FABP1 (14 kDa) eluted in a volume sug-
gesting a 75-kDa protein complex that contained four proteins
on an anti-FABP1 antibody pulldown. The FABP1-containing
column fractions were chromatographed over an anti-FABP1
antibody adsorption column. Proteins co-eluted from the col-
umn were identified as FABP1, Sarlb, Sec13, and small VCP/
p97-interactive protein by immunoblot, LC-MS/MS, and
MALDI-TOF. The four proteins of the complex had a total mass
of 77 kDa and migrated on native PAGE at 75 kDa. When the
complex was incubated with intestinal ER, there was no increase
in FABP1-ER binding. However, when the complex member
Sar1b was phosphorylated by PKC{and ATP, the complex com-
pletely disassembled into its component proteins that migrated
at their monomer molecular weight on native PAGE. FABP1,
freed from the complex, was now able to bind to intestinal ER
and generate the pre-chylomicron transport vesicle (PCTV). No
increase in ER binding or PCTV generation was observed in the
absence of PKC{ or ATP. We conclude that phosphorylation of
Sarlb disrupts the FABP1-containing four-membered 75-kDa
protein complex in cytosol enabling it to bind to the ER and
generate PCTV.

The intestinal absorptive cell performs many complex oper-
ations in the process of absorbing dietary nutrients. Of these,
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the absorption of dietary lipid is among the most multifaceted.
Most dietary lipid is made available for absorption as fatty acids
(FA)? and sn-2-monoacylglycerols, the hydrolytic products of
triacylglycerols (TAG), in the intestinal lumen. The enterocyte
has little control over the amount of FA and sun-2-monoacyl-
glycerols presented for absorption and no well defined control
over the rate at which these lipids are absorbed. It must rapidly
convert them to the more physicochemically inert TAG, how-
ever, or risk cell membrane disruption (1).

Accordingly, the re-synthesis of the split lipids to TAG
occurs extremely rapidly (2) at the level of the ER. Diet-derived
TAG in the ER is then incorporated into the intestine’s unique
TAG-rich transport lipoprotein, the chylomicron, in a two-step
process (3-5). Because of the size of chylomicrons, 250 nm
average (6), and the presence of lipase in intestinal cytosol (7),
we postulated that a cargo-specific, sealed transport vesicle
would be required to transport the chylomicrons from the ER to
the Golgi. In support of this hypothesis, we isolated and char-
acterized the pre-chylomicron transport vesicle (PCTV) (8)
that accomplishes this task. The formation of PCTV is high-
lighted by our finding that the ER budding step for PCTV is
rate-limiting in the transit of dietary TAG from the ER to the
lymph (2). These data led us to concentrate on the mechanisms
by which PCTV are budded from the ER.

There are multiple differences between PCTV generation
and that of vesicles that transport newly synthesized proteins
(protein vesicles) from the ER to the Golgi. These include the
cargo selection process and the machinery for budding the ves-
icles from ER membranes. In contrast to protein vesicles that
require COPII proteins for their initiation (9-11), PCTV
require only the small molecular weight FA-binding protein,
the liver fatty acid-binding protein (FABP1) (12). Also, in con-
trast to protein vesicles that require ATP and GTP to bud (13),
FABPI, in the absence of both ATP and GTP, can bind to the ER
(12) and organize the PCTV budding complex (14). This find-

2 The abbreviations used are: FA, fatty acid; TAG, triacylglycerol; PCTV, pre-
chylomicron transport vesicle; SVIP, small VCP/p97-interactive protein;
COPII, coat protein complex II; ER, endoplasmic reticulum.
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ing is confusing because our original studies, using whole cyto-
sol, identified ATP (not GTP) as being necessary for PCTV
budding to occur (8). These conflicting data created a conun-
drum in which ATP was found to be necessary for PCTV bud-
ding when whole cytosol is used, but ATP was not required
when FABP1 was utilized to initiate budding. Furthermore,
native cytosol contains 2% of total protein as FABP1 (15) sug-
gesting that adequate amounts of FABP1 would be present in
the cytosol to bud PCTV. These data could be rationalized if
FABP1 in cytosol were sequestered from binding to the ER until
ATP was provided.

The treatment of native cytosol with ATP enabling PCTV
budding to occur suggests the involvement of a kinase. We have
identified the putative kinase as the atypical protein kinase C,
PKC¢. Immunodepletion of this kinase greatly attenuates
PCTYV budding activity that is restored by adding recombinant
PKC{ to the depleted cytosol (16). In support of this finding, ER
membranes incubated with PKC{-depleted cytosol do not form
the PCTV budding complex despite the addition of ATP (14).

This study tests the hypothesis that FABP1 is a member of a
cytosolic multiprotein complex that blocks FABP1 from bind-
ing to the ER unless it is treated with PKC{ and ATP. We fur-
ther identify the substrate for PKC{ as Sarlb, mutations of
which result in chylomicron retention disease (17) in which
chylomicrons are retained in the ER lumen (18).

EXPERIMENTAL PROCEDURES

Materials—[>H]Oleic acid (9.2 Ci/mm) was obtained from
PerkinElmer Life Sciences. Immunoblot reagents were pur-
chased from Bio-Rad. ECL reagents were procured from GE
Healthcare. Protease inhibitor mixture tablets were obtained
from Roche Applied Science. Albumin was purchased from
Sigma. PKC{ was purchased from StressGen Biotechnologies
(Victoria, Canada). Other biochemicals used were of analytical
grade and were purchased from local companies. Rats, 150 —
200 g, were purchased from Harlan (Indianapolis, IN).

Antibodies—Polyclonal antibodies against FABP1 were a
generous gift from Dr. Judith Storch (Rutgers University). Poly-
clonal anti-small VCP/p97-interactive protein (SVIP) antibod-
ies were generated commercially (Alpha Diagnostic, Inc. San
Antonio, TX), and the results were compared with anti-SVIP
antibodies generously provided by Dr. Mitsuo Tagaya (School
of Life Science, Tokyo University of Pharmacy and Life Science,
Tokyo, Japan). The protein identified by the antibody was con-
firmed as SVIP by MALDI-TOF with a Z score of 1.9. Polyclonal
antibodies to Sarlb were also generated by Alpha Diagnostic
using an 18-mer from 102 and an 18-mer from 133. Both pep-
tides were injected into the same rabbit. The antibodies gener-
ated could not distinguish Sarla from Sar1b (Fig. 5B). The anti-
Sarl and anti-SVIP antibodies were generated under the
direction of Dr. Shadab A. Siddiqi (University of Central Flor-
ida, Orlando) while a member of the laboratory. Polyclonal
antibodies to Sec13 were a kind gift of Dr. Chris Kaiser (Massa-
chusetts Institute of Technology, Cambridge, MA). Goat anti-
rabbit IgG conjugated with agarose beads was purchased from
Sigma. Goat anti-rabbit IgG, goat anti-mouse IgG, and goat
anti-rabbit IgG conjugated with horseradish peroxidase were
purchased from Santa Cruz Biotechnology (Santa Cruz, CA).
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Antibody Specificity—Immunogenic peptides used to gener-
ate antibodies to SVIP and Sarl and the recombinant protein,
FABP1, were incubated with their respective antibodies to
determine whether the signal on immunoblot generated by the
antibody could be extinguished. In each case, the antibody gave
a strong signal for the protein against which it was directed in
intestinal cytosol. This signal was completely blocked by prior
incubation of the antibody with its immunogenic peptide (Sar1,
SVIP) or recombinant protein (FABP1). These data suggest the
monospecificity of the antibodies employed. Antibody inhibi-
tion was not done for Sec13 because the immunogenic peptide
was not available, although the antibody has been characterized
previously (19).

Preparation of Cytosol and Labeling of Enterocytes—Entero-
cytes from the proximal half of male Sprague-Dawley rat small
intestine were isolated and radiolabeled with [*H]oleate as
described previously (8). In brief, the isolated enterocytes were
incubated with albumin-bound [*H]oleate for 30 min at 35 °C
and washed twice with PBS containing 2% BSA to remove the
excess [*H]oleate. The labeled enterocytes were homogenized
using a Parr bomb, and the cytosol was isolated. The cytosol was
dialyzed against Buffer A (0.25 M sucrose, 30 mm HEPES (pH
7.2), 30 mm KCl, 5 mm MgCl,, 5 mm CaCl,, 2 mm DTT) over-
night at 4 °C and concentrated 5-fold using a 50-ml Amicon
filter with a YM10 membrane (Amicon, Beverly, MA). This
cytosol was further concentrated on a Centricon filter (Ami-
con) with a 10-kDa cutoff to 20 mg of protein/ml.

Preparation of [PH]TAG-loaded ER—Enterocytes from the
proximal half of male Sprague-Dawley rat small intestines were
isolated and radiolabeled with [*H]oleate as described (20). In
brief, enterocytes were isolated from intestinal villi, collected,
incubated with albumin-bound [®*H]oleate for 30 min at 35 °C,
and washed with 2% BSA to remove the excess [*H]oleate. The
labeled enterocytes were homogenized using a Parr bomb, and
the ER was isolated using a sucrose step gradient, which was
repeated to purify the ER (21).

Isolation of a 75-kDa Protein Complex by Gel Filtration
Chromatography—1 mg of cytosol was applied to a Sephacryl
S-100 HR column (1.5 cm X 45 cm) previously equilibrated
with PBS (pH 7.2). The flow rate was 0.5 ml/min, and the cyto-
sol was eluted with PBS (pH 7.2) at 4 °C. 1-ml fractions were
collected. °H disintegrations/min radioactivity was determined
by liquid scintillation spectroscopy for each fraction. For
immunoblot, proteins in each fraction were concentrated using
a Millipore centrifugal filter unit (Millipore Corp., Billerica,
MA) and suspended in Laemmli’s buffer. The presence of
FABP1 in each fraction was analyzed by immunoblot using
anti-FABP1 antibodies as indicated.

Alffinity Purification of the 75-kDa Complex—500 ug of pro-
tein from the gel filtration column was purified using a Sulfo-
Link coupling gel kit according to the manufacturer’s instruc-
tions (Pierce) in three steps. In brief, 10 ul of anti-FABP1
antibody was incubated with 6 mg of 2-methylamine at 37 °C
for 1.5 h. This reduced sample was first incubated with a Sulfo-
Link coupling gel column for 15 min at room temperature (RT)
by rocking and another 30 min without rocking. Second, the
nonspecific binding sites on the column gel were blocked by
first incubating 15.8 mg of L-cysteine for 15 min at RT by rock-
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ing and then for 30 min without rocking. The column was
washed with PBS. Third, 1 ml (500 ug of protein) of the sample
was applied to the SulfoLink coupling column and incubated
for 2 h at RT; the column was washed with 15 ml of sample
buffer, and the bound proteins were eluted by applying 8 ml of
100 mm glycine buffer (pH 2.5). 1-ml fractions were collected,
immediately neutralized by 1 m Tris (pH 9.0), and kept at 4 °C.
The fractions were pooled and concentrated using a Millipore
centrifugal filter unit.

Native-PAGE Electrophoresis, Immunoblots, and Auto-
radiography—For immunoblots, proteins were separated by
SDS-PAGE and then transblotted to nitrocellulose membranes
(Bio-Rad). After blocking the membrane with 5% Blotto, the
membranes were incubated with specific primary antibodies
and then peroxidase-conjugated secondary antibodies. Labeled
proteins were detected using ECL (GE Healthcare) and Biomax
film (Eastman Kodak Co.). For native gels, samples were not
boiled, and SDS or DTT was not used in the sample preparation
or running gel buffer. Otherwise, the procedure was the same as
with the SDS-polyacrylamide gels. For autoradiography, pro-
teins were separated by SDS-PAGE, 2D gels, or native PAGE.
The gels were rinsed three times with distilled water, dried, and
autoradiographed using Kodak Biomax film at —70 °C for 10
days.

Two-dimensional Gel Electrophoresis—Cytosol (250 ug of
protein) or the 75-kDa protein complex (150 g of protein)
were solubilized in 500 ul of sample buffer (7 M urea, 2 M thio-
urea, 4% CHAPS, 2 mwM tri-butyl phosphine, 0.5% carrier
ampholyte, 40 mM Tris) for 1 hat 37 °C. The solubilized protein
sample was loaded onto immobilized pl gradient gel (IPG)
strips (pH 3-11 or pH 5.3-6.5) (GE Healthcare) by incubation
(RT) overnight. Isoelectric focusing was performed using a
Multiphor II apparatus (GE Healthcare). A total of 50,500 V-h
was applied to each IPG strip. After isoelectric focusing, the IPG
strip was first equilibrated in buffer I (0.5 M Tris-HCI (pH 6.8), 6
M urea, 30% glycerol (v/v), 2% SDS, 25 mM DTT) for 10 min and
then in buffer II (0.5 M Tris-HCI (pH 6.8), 6 M urea, 30% glycerol
(v/v),2% SDS, 12 mM iodoacetamide) for 10 min. For the second
dimension, the proteins were separated on an 8-18% SDS-
polyacrylamide gel, transblotted onto nitrocellulose mem-
branes, and probed with specific antibodies.

Immunoprecipitation of the FABPI from the Sephacryl S-100
HR Column Eluates—Immunoprecipitation of proteins from
fractions 3 to 5 of the Sephacryl S-100 HR column was accom-
plished by incubating the eluted fractions (250 ug of protein)
with 10 ul of anti-FABP1 antibody at 4 °C for 4 h. 40 ul of
anti-rabbit [gG bound to agarose beads (Sigma) were added and
incubated for another 4 h at 4 °C. The beads were collected by
centrifugation, washed 10 times with cold PBS, and resus-
pended in Laemmli’s buffer. The proteins were separated by
native or SDS-PAGE, transblotted to a nitrocellulose mem-
brane, and immunoblotted using anti-SVIP, Sec13, or Sarl
antibodies. Detection was by ECL.

Phosphorylation of the 75-kDa Complex—The 75-kDa com-
plex (150 ug) was incubated with 5 ug of recombinant PKC{Z, an
ATP-generating system (1 mM ATP, 5 mm phosphocreatine, 5
units of creatine phosphokinase), 50 uCi of [y-*?P]JATP, 2 mMm
NaF, 5 mm Mg®", 2 mm DTT, and 2.5 mm Ca®" for 30 min at
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37 °C or as indicated. Postincubation, the reaction was stopped
by placing the tubes on ice and by adding cold HEPES buffer (10
mMm) supplemented with 10 units of apyrase.

In Vitro PCTV Formation—[*H]TAG-pre-loaded intestinal
ER was used to generate PCTV containing [PH]TAG (8). In
brief, [PH]TAG-loaded ER (500 pg) was incubated at 37 °C for
30 min with cytosol (1 mg) and an ATP-regenerating system in
the absence of Golgi acceptor (total volume 500 ul). When the
75-kDa protein complex was used to generate PCTV instead of
cytosol, PKC{ (5 ug) and an ATP-generating system were used.
The incubation mixture was resolved on a continuous sucrose
gradient (0.1-1.15 m sucrose) and PCTV isolated from the light
portions of the gradient. The PCTV thus formed were concen-
trated using a Millipore centrifugal filter unit.

Specificity of Antibodies—30 ug of cytosolic protein was sep-
arated by SDS-PAGE, transblotted to nitrocellulose mem-
branes, and immunoblotted using specific antibodies as indi-
cated. To test for the specificity of the antibodies utilized, prior
to incubating the transblotted membrane with antibody, the
antibodies were first incubated with either their immunogenic
peptide or FABP1 as indicated. The antibodies were incubated
with 3-fold (by weight) excess of the immunogenic peptide or
FABP1 in 500 ul of PBS overnight at 4 °C. Following the incu-
bation, the antibody-peptide or FABP1 mixture was diluted.
The treated antibody was used to probe the nitrocellulose
membrane after it was treated with 5% Blotto and washed with
PBS. Detection was by ECL.

Determination of Protein and Oleate Concentration in the
Heterotetrameric Complex—The purified four-membered pro-
tein complex (5, 10, and 15 ug of protein) was separated by
SDS-PAGE, and the proteins were stained by SimplyBlue Safe-
Stain. The gel was completely destained, and each of the four-
protein bands were scanned and their densities determined by
using the Gel Doc XR. The three differing protein concentra-
tions gave similar results on a per mg basis indicating that the
measured densities were proportional to the amount of protein
present. The oleate concentration in the protein complex was
determined by the [*H]oleate-specific activity fed to the pri-
mary enterocyte culture (5,000 dpm/10~'* mol) and subse-
quently the [*H]oleate dpm in a known amount of
complex-FABP1.

LC-MS/MS and MALDI-TOF—The isolated heterotetramer
eluted from the anti-FABP1 adsorption column was separated
by SDS-PAGE and stained with SimplySafe Blue (Invitrogen).
The bands at 33, 22, 14, and 8.6 kDa were cut from the gel and
digested by trypsin. Data were acquired on a Thermo Scientific
LTQ Orbitrap (Thermo Fisher Scientific, Waltham, MA)
equipped with a Waters nanoAcquity UPLC system using a
Waters Symmetry® C18 180-um X 20-mm trap column and a
1.7-pm, 75-um X 250-mm nanoAcquity™ UPLC™ column
(Waters Corp., Milford, MA) (35 °C) for peptide separation.
Trapping was done at 15 ul/min. MS was acquired in the
Orbitrap using one microscan over the range 400-2000 1/z at
60,000 resolutions and a maximum injection time of 900 ms,
followed by six data-dependent MS/MS acquisitions in the ion
trap. The data were searched using The MASCOT Distiller and
the MASCOT search algorithm (22). The data were searched
against the MASCOT Swiss-Prot data base using partial methi-
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onine oxidation and propionamide-modified cysteine, a pep-
tide tolerance of +20 ppm, MS/MS fragment tolerance of +0.6
Da, and peptide charges of +2 or +3. Normal and decoy data
base searches were run. The band at 9 kDa of the complex could
not be analyzed by LC-MS/MS because of contaminating pep-
tides derived from predominantly FABP1 but also Sar1. For this
reason we did a pulldown using our anti-SVIP antibody and
analyzed the one bound protein by MALDI-TOF. The MALDI-
TOF was performed as described previously (21).

Measurement of TAG Radioactivity—TAG radioactivity was
determined by liquid scintillation spectroscopy.

Statistical Analysis—Significant differences between two
means were tested by Student’s ¢ test using the nonpaired, two-
tailed method. When more than two means were compared,
analysis of variance was used with post-Bonferroni corrections
(Instat, GraphPad, San Diego) in combination with Student’s
nonpaired two-tailed ¢ test. p < 0.05 was taken as a significant
difference between means.

RESULTS

FABPI Is a Member of a Four-component 75-kDa Protein
Complex in Cytosol—To test if absorbed oleate were present in
intestinal cytosol bound to FABP1 as a monomer or as part of a
multiprotein complex, we incubated primary cultures of rat
intestinal cells with [*H]oleate, disrupted the cells, and isolated
the cytosol. The cytosol was passed over a Sephacryl S-100 HR
column; the eluted fractions were collected, and the oleate dis-
integrations/min were determined for each fraction. The oleate
eluted in a single peak coincident with the elution of conalbu-
min (76 kDa), clearly different from the elution volumes of
albumin ( 66.5 kDa) or FABP1 (14 kDa) (Fig. 1). We suspected
that the [*H]oleate marked the elution volume of FABP1. This
was confirmed by immunoblot as shown in the inset of Fig. 1.
Only minor amounts of FABP1 (M, ~14,000) eluted at its mon-
omer molecular weight.

Consistent with the data in Fig. 1, cytosol, whose proteins
had been separated by native PAGE (no boiling, no SDS, and no
DTT) and immunoblotted for FABP1, showed that FABP1
migrated as a 75-kDa protein (Fig. 24, Native). However, on
SDS-PAGE, FABP1 migrated at its expected monomer mass of
14 kDa (Fig. 24, Boiled).

We suspected that FABP1 eluted from the column in a vol-
ume suggestive of a protein of ~75 kDa because it was either
part of a multiprotein complex or because FABP1 was present
as a pentamer. Performing a nonspecific protein stain on the
FABP1-containing fractions from the column would likely have
led to a multiplicity of protein bands making interpretation of
the results difficult. Therefore, as a first approach to differenti-
ate between a homo- and a multiprotein complex, we per-
formed a pulldown experiment using the column fractions con-
taining the [*H]oleate incubated with anti-FABP1 antibodies
attached to beads (Fig. 2B). As shown, we identified three other
proteins by immunoblot that interacted with FABP1 by this
methodology as follows: Sar1, small VCP/p97 interactive pro-
tein (SVIP), and Sec13 (Fig. 2B, IP with FABPI). The identifica-
tion of these proteins was guided by their kDa and our knowl-
edge of the proteins involved with PCTV budding (14). The
same proteins were present in cytosol (Fig. 2B, Cytosol). The
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Fig. 1. FABP1 elutes in a volume suggesting a 75-kDa protein from a Sep-
hacryl S-100 HR column. Primary cultures of proximal intestinal enterocytes
were incubated with [*H]oleate. The cells were homogenized, and cytosol
was prepared (“Experimental Procedures”). T mg of cytosol was applied to a
Sephacryl S-100 HR column, and 1-ml fractions were collected. FABP1 and
albumin were incubated with [*H]oleate and were separately applied to the
column. The disintegrations/min from each fraction are shown on the ordi-
nate. The disintegrations/min for cytosol are shown as filled circles, for albu-
min as open circles, and for FABP1 as filled diamonds. Fractions 3-16 were
immunoblotted for FABP1 as shown above the column eluent (ECL was used
for identification). The kDa of the bands on native PAGE (no SDS, no DTT, no
boiling) is shown. V, is the void volume, and V, is the total volume of the
column.

total molecular weight of these three proteins plus FABP1 is 77.
Each of these proteins was present in the 75-kDa fraction from
the column as shown by immunoblot (Fig. 2C).

The data from Fig. 2B would suggest that we could concen-
trate the 75-kDa complex by using an anti-FABP1 antibody
adsorption column. In accord with this goal, we collected the
[*H]oleate-containing fractions from the Sephacryl S-100 HR
column, concentrated them, and passed the concentrate over
an anti-FABP1 antibody adsorption column. We used native
PAGE to separate the proteins eluted from the column. All the
proteins eluted in a single band of ~75 kDa (Fig. 34, panel 1). By
contrast, on SDS-PAGE, the majority of the proteins from the
75-kDa band now eluted at 50, 33, 21, 14, and 9 kDa by Simply-
Blue SafeStain (Fig. 3A, panel 2). That some protein remained
at 75 kDa despite treatment with boiling, SDS, and DTT sug-
gests the strength of the protein-protein interactivity. We con-
clude from these studies that FABP1 is present in cytosol as part
of a multiprotein complex and not as a five-membered FABP1
polymer.

We used immunoblots to confirm the identity of the proteins
eluted from the adsorption column. Consistent with the data
presented in Fig. 2C, the proteins shown in Fig. 3A, panel 2,
were identified as Sec13 (33 kDa), Sarl (21 kDa), FABP1 (14
kDa), and SVIP (9 kDa) (Fig. 3B, Sample). The 50-kDa protein
(Fig. 3A, panel 2) was composed of the heterodimer, Sec13, and
FABP1 by immunoblot (data not shown but see FABP1 band at
50 kDa in Fig. 24, Boiled). Most of the proteins interacted with
the adsorption column as relatively few eluted in the column
wash (Fig. 3B, Wash) as judged by their respective
immunoblots.
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A Cytosol B
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Cytosol FABP1
FABP1 <«75kDa  gar1 —>
s -
Sar1 SVIP Sec13 FABP1

Fig. 2. In intestinal cytosol, FABP1 is in a 75-kDa multiprotein complex. A, intestinal cytosol (30 ng) was separated using native PAGE (A, Native) or by
SDS-PAGE (A, Boiled). The proteins from the gel were transblotted onto a nitocellulose membrane and immunoblotted for FABP1. Bands at 75 and 14 kDa are
indicated as is FABP1. B, cytosol, proteins from native cytosol (30 ng) were separated by SDS-PAGE, transblotted to a nitocellulose membrane, and immuno-
bloted for Sar1, SVIP, and Sec13. The membrane was washed between blots. Immunoprecipitation (/P) was with FABP1. Anti-FABP1 antibodies were bound to
beads and incubated with fractions 3-5 from the Sephacryl S-100 HR column. The beads were washed, and the proteins eluted from the beads and separated
by SDS-PAGE. The gel was transblotted to a nitocellulose membrane, and sequential immunoblots for Sar1, SVIP, and Sec13 were perfomed after washing the
membrane between blots. C, proteins (30 ug) from fractions 3-5 from the Sephacryl S-100 HR column were separated by native PAGE, transblotted, and then
immunoblotted for its component proteins, Sar1, SVIP, Sec13, and FABP1 as shown above the blot. A single membrane was used that was sequentially probed
by the indicated antibodies. The membrane was washed between each immunoblot. Identification of the bands was by ECL.

A B
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Fig. 3. A, four proteins adhere to FABP1 by anti-FABP1 antibody adsorption chromatography. Anti-FABP1 antibodies were bound to beads (see under
“Experimental Procedures”) and a column prepared from the treated beads. The proteins from fractions 3-5 of the Sephacryl S-100 HR column were passed
over the column, and the column was washed with buffer and the proteins eluted with glycine buffer (pH 2.5). The eluted samples were rapidly neutralized and
the proteins concentrated. A, panel 1, Native Gel. The proteins were separated by native PAGE (30 ng) and identified by SimplyBlue SafeStain. All the proteins
migrated at 75 kDa as shown. A, panel 2, SDS-PAGE. The proteins from the adsorption column were separated by SDS-PAGE (30 ng) and identified by SimplyBlue
SafeStain. The molecular mass of each band is marked. B, proteins bound to the anti-FABP1 antibody adsorption column were identified as Sec13, Sar1, FABP1,
and SVIP. Cytosolic proteins from fractions 3-5 of the Sephacryl S-100 HR column were concentrated and pased over an anti-FABP1 antibody adsorption
column. The column was washed, and the adherent proteins were eluted as in A. Sample, proteins (30 ug) eluted from the anti-FABP1 antibody adsorption
column (A) were separated by SDS-PAGE, transblotted to a nitrocellulose membrane, and sequentially probed with anti-Sec13, Sar1, FABP1, and SVIP antibod-
ies. The membrane was washed between each antibody useage. The proteins and their molecular mass are shown. Wash, after the proteins were applied to the
adsorption column, the column was washed with PBS, and the fractions were collected and concentrated, and the proteins (30 ug) were separated by
SDS-PAGE. Sec13, Sar1, FABP1, and SVIP were identified in the wash. The molecular mass of each protein is as shown. Note: the wash contained extraneous
proteins in addition to Sec13, FABP1, Sar1, and SVIP. The bands were detected by ECL.

To supplement the protein identifications by immunoblot,
we performed LC-MS/MS on each band except for the band at
9 kDa where MALDI-TOF was used. The LC-MS/MS and
MALDI-TOF data confirm the presence of FABP1 with 75% of
the molecule covered, Sarl with 56% covered, and Sec13 with
33% of the molecule covered. The MALDI-TOF spectrum is
compatible with SVIP with a Z score of 1.9. The mass spectrom-
etry and MALDI-TOF data and peptide coverage for each het-
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erotetramer component are shown in supplemental Tables 1-3
and supplemental Fig. 1.

We further wished to know the proportionality of the pro-
teins in the complex. As measured from their densities on Sim-
plyBlue SafeStain, 10 ug of complex protein contained 58 pmol
of Sec13, 52 pmol of Sarl, 225 pmol of FABP1, and 80 pmol of
SVIP. These data suggest a molar ratio of 1:1:4:1.6, respectively.
In sum, the data suggest that FABP1 in native intestinal cytosol
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Fig. 4. Proteins eluted from the anti-FABP1 antibody adsorption column
are active in generating PCTV. Proteins eluted from the anti-FABP1 anti-
body adsorption column (150 wg) or native cytosol (1 mg) were incubated
with glyceryl [H]trioleate pre-loaded ER (500 ug), and the PCTV generated
was collected by centrifugation (“Experimental Procedures”). ATP and PKC{
were added as indicated. The data are expressed as the fold increase over the
PCTV generated from ER incubations with cytosol (1 mg) but without ATP or
PKC{ as indicated by [*HIPCTV disintegrations/min. Bar 1, cytosol plus ATP.
Bar 2, cytosol plus PKC{ (5 wg) and ATP. Bar 3, eluted proteins without ATP or
PKC{. Bar 4, eluted proteins plus PKC{ (5 wg) and ATP. Bar 5, eluted proteins
with ATP but without PKC{. The p values above the bars test the significance
of the differences between the means of bars 3 and 5 against bars 1, 2, and 4.
The data are the mean = S.E. (n = 4).

is present as a component of a 75-kDa protein multimer based
on native PAGE, gel permeation chromatography, immunopre-
cipitation, MS/MS, and antibody adsorption chromatography.

To determine the amount of [°*H]oleate bound to FABP1 in
the protein complex, we isolated the heterotetramer from the
anti-FABP1 column and determined its radioactivity per ug of
FABP1 (116,481 dpm/1.45 ug of FABP1). Using the known spe-
cific activity of the oleate used in the incubation (“Experimental
Procedures”), we calculated that there were 23 pmol of oleate in
104 pmol of FABP1. We do not know the amount of FA bound
to FABP1 prior to harvesting the cytosol nor the quantity of
[*H]oleate that was exchanged for previously bound FA, so the
molar ratio of FA to FABPI is not known. By using the known
dilution of FA radiolabel in enterocyte cytosol of 3:1, however
(23), the data suggest that at least one of the two potential FA-
binding sites in FABP1 was occupied. We conclude that ligand-
bound FABP1 participates in the cytosolic heterotetramer. We
do not know the potential participation of apo-FABP1 in the
formation of the heterotetramer because recombinant proteins
were not used.

75-kDa Complex Can Bud PCTV from Intestinal ER on the
Addition of ATP and PKC{—Because there was no free FABP1
in the cytosol, only the 75-kDa multimer, we wished to test if
the multimer isolated from the anti-FABP1 antibody adsorp-
tion column was active in budding PCTV. As expected, native
cytosol plus ATP yielded a robust generation of PCTV on incu-
bation with ER preloaded with [PH]TAG (Fig. 4, bar I). On
addition of 5 ug of PKC{ to the incubation, a modest increase in
activity was observed (Fig. 4, bar 2). When only the 75-kDa
multimer was incubated with ER, a significantly attenuated
PCTYV generation was found (Fig. 4, bar 3). By contrast, when
the multimer was preincubated with PKC{ and ATP and sub-
sequently with ER, a vigorous PCTV production occurred (Fig.
4, bar 4). However, in the absence of preincubation of the com-
plexwith PKC¢, PCTV generation was reduced to a level similar
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Fig.5.A, single protein (Sar1) is phosphorylated by PKC{. Blot A, proteins (150
ng) eluted from the anti-FABP1 antibody adsorption column were incubated
with PKC{ and [y-32P]ATP. The proteins (30 ug) were separated by one-di-
mensional SDS-PAGE, and an autoradiograph was performed. Only one band
at 35 kDa was identified on the gel. Blot B, eluted proteins from the anti-FABP1
adsorption column (150 pg) were incubated with PKCZ and [y-*2P]JATP and
separated on a two-dimensional gel (see under “Experimental Procedures”).
An autoradiogram was performed. Blot C, eluted proteins from the adsorp-
tion column (150 ug) were incubated with PKC{ and ATP, and the proteins
were separated on a two-dimensional gel. An immunoblot for Sar1 was per-
formed. Detection was by ECL. Blot D, same experiment was performed as in
blot C, but the proteins were immunoblotted using anti-Thr(P) antibodies.
The pl of the bands on the two-dimensional gels was calculated to be 5.8. The
molecular mass of the bands on the one-and two-dimensional gels is marked.
The whole two-dimensional gel is shown for each experiment (blots B-D). B,
Sar1 has two paralogs in cytosol as identified by anti-Sar1 antibody immuno-
blot. Cytosolic proteins (250 ug) were separated by two-dimensional gel elec-
trophoresis, and an anti-Sar1 antibody immunoblot was performed. Because
of the minor difference in pl between the paralogs, a narrow pl IPG strip was
selected (5.3 to 6.5 as indicated at the top of the gel). The migration in the gel
of Sar1a and Sar1b is shown at the bottom of the gel. Detection was by ECL.

to that found when only the multimer was incubated with the
ER (Fig. 4, bar 5). The data suggest that PKC{ and ATP treat-
ment of the 75-kDa complex are required for PCTV budding
activity to be fully expressed. They further suggest that the
appropriately treated complex retained its PCTV budding
activity even after passage over the antibody adsorption
column.

Sar1b Is the Substrate for PKC{ in the 75-kDa Complex—Be-
cause PKC{ was required when the 75-kDa complex was used
to bud PCTYV, consistent with our prior findings (16), our next
task was to identify the substrate of the kinase. To determine
the substrate, we first incubated the multimer with PKC{ and
[y-**P]ATP and separated the proteins by SDS-PAGE (Fig. 54,
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Fig. 6. LC-MS/MS of two peptides that are different between Sar1a and Sar1b showing the presence of peptides present in Sar1b. A, spectrum of the
peptide EMFGLYGQTTGK, which is unique to Sar1b in rats. B, spectrum of the peptide IDRPEAISEER, which is unique to Sar1b in rats.

blot A). On autoradiography, a single 35-kDa band was evident.
Because there were no proteins in the multimer that migrated
as a 35-kDa protein, we assumed that the radiolabeled band was
a heterodimer. To disassociate the presumed heterodimer, we
turned to two-dimensional gel autoradiography because of the
more vigorous reducing conditions used with two-dimensional
gels. To this end, we incubated the 75-kDa complex with
[y-**P]ATP and PKC{ and separated the resulting proteins on a
two-dimensional gel. Autoradiography of the resulting gel
shows only one band at 22-kDa (Fig. 54, blot B). This band
reacted with our anti-Sarl antibody (Fig. 54, blot C), which
does not discriminate between Sarla and its paralog, Sarlb,
suggesting the identity of this band as Sarl. Finally, we wished
to know if the amino acid phosphorylated by the kinase was Ser
or Thr because PKC( is a Ser/Thr kinase. Antibodies to Thr(P)
were reactive (Fig. 54, blot D) to the same 22-kDa band as in Fig.
5, A, blots B and C. Antibodies to Ser(P) were nonreactive (data
not shown).

As one way of identifying which Sarl paralog was associated
with the 75-kDa multimer, we took advantage of the small dif-
ference in pl of the paralogs. Sarla has a known pl of 6.2 and
Sarlb of 5.8. Because our anti-Sarl antibody cannot discrimi-
nate between them, we performed a two-dimensional gel to
separate the proteins of native cytosol and the 75-kDa complex.
In each case Sarl was localized by immunoblot. When native
cytosol was used, our anti-Sar1 antibodies identified two bands
indicating the presence of both paralogs with a pI of 6.2 and 5.8
consistent with Sarla and Sar1b, respectively (Fig. 5B). By con-
trast, when the 75-kDa multimer was separated on a two-di-
mensional gel, the only band identified by the antibody was the
more acidic of the two bands (Fig. 54, blot C, calculated pI =
5.8). These data suggest that only Sar1b is incorporated into the
75-kDa multimer and are consistent with the results of the LC-
MS/MS data.
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As a more definitive way to establish the identity of the
22-kDa protein on the two-dimensional gel and to determine
which Sarl paralog reacted with our anti-Sarl antibodies,
we performed LC-MS/MS analysis of the band. This identified
the Sar1 paralog as Sar1b with 56% of the protein covered (sup-
plemental Table 1). Mass spectroscopy data for two unique
peptide sequences (EMFGLYGQTTGK and IDRPEAISEER)
that distinguish Sarla from Sar1b are shown in Fig. 6, A and B.

Phosphorylation of Sarlb Completely Disrupts the 75-kDa
Complex, Releasing FABP1—Next, we turned to the effect of
Sarlb phosphorylation on the 75-kDa complex. For these
experiments, we incubated the 75-kDa protein complex iso-
lated from the anti-FABP1 antibody adsorption column with or
without ATP and PKC( as indicated. When the untreated com-
plex was incubated at 4 °C and separated by native PAGE, all the
proteins migrated at 75 kDa (Fig. 74, lane 2) consistent with our
prior data. On incubation of the untreated complex at 37 °C, a
small amount of a protein of 14 kDa split from the complex,
which otherwise remained intact (Fig. 7A, lane 3). If the com-
plex were treated with ATP and PKC{ but incubated at 4 °C, the
complex again remained intact (Fig. 7A, lane 4). By contrast, if
the complex were incubated with ATP and PKC{ at 37 °C, most
of the complex was now disrupted with the majority of the
proteins migrating at 14 kDa (Fig. 7A, lane 5). In Fig. 7A,
because each lane has an equal volume of reaction mixture, the
experiments in which apyrase was added (lanes 4 and 5) had
effectively less of the proteins of the 75-kDa complex that
entered the gel. Apyrase is 200 kDa and consequently did
not enter the gel. In Fig. 74, lane 6, is shown FABP1 migrating at
its expected 14 kDa.

Because it would appear from Fig. 7A, lane 5, that FABP1 is
split from the complex on phosphorylation of Sarlb, we wished
to confirm this by immunoblotting a native PAGE (30 ug used
for each lane) for FABP1 using the same protocol for each lane

VOLUME 287 +NUMBER 13-MARCH 23,2012


http://www.jbc.org/cgi/content/full/M111.327247/DC1
http://www.jbc.org/cgi/content/full/M111.327247/DC1

Sar1b Phosphorylation Releases FABP1 from a 75-kDa Complex

A
1 2 3 74 5 6
! ' . ' - <75 kDa
’ - -
2 - # @ <14kDa
B 2 3 4 5 6
- 8 - < 75 kDa
-

- . < 14kDa

Fig. 7. Treatment of the 75-kDa protein complex with ATP and PKC{ dis-
rupts the complex. A, SimplyBlue SafeStain of the 75-kDa protein complex
incubated with ATP and PKC{ as indicated. 15 pg of protein was applied to
each lane, and the proteins were separated using native PAGE. Apyrase (2 mg)
was added to lanes 4 and 5 to stop additional phosphorylation. B, immuno-
blot using anti-FABP1 antibodies employing the same reagents as in A. The
proteins were separated by native gel. Detection was by ECL. Lane 1, protein
markers. Lane 2, untreated 75-kDa complex. Lane 3, 75-kDa complex incu-
bated at 37 °C for 30 min. Lane 4, 75-kDa complex incubated with ATP and
PKCZat 4 °Cfor 30 min. Lane 5, 75-kDa complex incubated with ATP and PKC{
for 30 min at 37 °C. Lane 6, FABP1 (2 ng) alone. 30 ug of complex protein was
applied to each lane. Detection was by ECL.

as in Fig. 7A. When the untreated complex was separated by
native PAGE, all the FABP1 migrated as a 75-kDa protein (Fig.
7B, lane 2). Most of the FABP1 remained with the multiprotein
complex when it was incubated at 37 °C (Fig. 7B, lane 3). When
the complex was incubated with ATP and PKC{ at 4 °C, all the
FABPI1 remained with the complex (Fig. 7B, lane 4). Impor-
tantly, when the complex was incubated with ATP and PKC{ at
37 °C, most of the FABP1 migrated at its monomer of 14 kDa
(Fig. 7B, lane 5). Fig. 7B, lane 6, is FABP1. These data support
the concept that Sar1b phosphorylation splits the multiprotein
complex releasing FABP1.

The SimplyBlue SafeStain-stained bands in Fig. 7A suggest
that the complex is completely disrupted on phosphorylation of
Sarlb. To test this hypothesis, we immunoblotted for the four-
component proteins of the complex before and after phosphor-
ylation. As expected, before phosphorylation, all the compo-
nent proteins migrated at 75 kDa (Fig. 8, lanes 1). By contrast,
after phosphorylation by PKC{ and ATP incubated at 37 °C,
each of the four-component proteins migrated at their mono-
mer molecular weight as shown by the immunoblots for each
protein (Fig. 8, lanes 2). These data confirm the results of Fig.
7A suggesting that on phosphorylation of the 75-kDa complex,
the complex is completely disrupted resulting in each compo-
nent protein migrating at is monomer molecular weight.

FABPI, Released from the 75-kDa Complex, Binds to ER
Membranes—Finally, we wished to test if FABP1, as a compo-
nent of the 75-kDa complex, is inhibited from binding to the
ER, whereas if it were split from the complex, it would be free to
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bind to the ER in concert with our prior recombinant FABP1
experiments (12). To test this, we performed immunoblots on
ER that had been incubated with buffer (Fig. 94, lane 1), incu-
bated with the 75-kDa complex previously incubated with
PKC{ and ATP (Fig. 94, lane 2), incubated with untreated
75-kDa complex (Fig. 94, lane 3), or the complex incubated
with ATP but without PKC{ (Fig. 94, lane 4), or the complex
incubated with PKC{ but without ATP (Fig. 94, lane 5). All
incubations were performed at 37 °C. Densitometry of the
bands is presented in Fig. 9B. The densitometric studies con-
firm that in the absence of phosphorylation of the complex,
FABP1 binding to the ER is not increased over that which is
presentonresting ER. However, when the complex is phosphor-
ylated and disrupted as a consequence, FABP1 binding to the
ER is significantly increased.

In sum, the data suggest that the FABP1-containing 75-kDa
multimer is completely disrupted by phosphorylation of Sarlb,
freeing FABP1 enabling it to bind to the ER membrane.

DISCUSSION

ER to Golgi transport vesicles such as PCTV select specific
cargo, are sealed, and transport their cargo in a vectorial man-
ner (8). We found that PCTV only requires FABP1 to organize
the PCTV-budding complex (24) and generate the vesicle (12).
No ATP is needed. In contrast to these data, when native cyto-
sol is used to bud PCTV, ATP is required (8). In consideration
of these data, we postulated that the FABP1 in cytosol (15) must
be inhibited from binding to the ER membrane unless the inhi-
bition is relieved by ATP treatment. Here, we provide support
for both aspects of this hypothesis. First, we show that FABP1 is
present in cytosol as a member of a four-protein complex com-
posed of FABP1, Sarlb, SVIP, and Sec13. The presence of an
FABP1-containing protein complex in cytosol is based on pro-
tein-protein interactivity as shown by the anti-FABP1 antibody
adsorption column and the anti-FABP1 antibody pulldown
experiment. A second independent means of support for this
thesis is provided by the co-migration of FABP1 on two differ-
ent gel permeation supports at a suggested mass of 75 kDa. To
our knowledge, this is the first time that FABP1 has been pro-
posed to be present as part of a complex in cytosol rather than as
a monomer. Importantly, we show that the complex serves to
functionally inhibit FABP1 from binding to the ER membrane.
Second, we show that on phosphorylation of a member of the
complex, Sarlb, the complex is disrupted freeing FABP1 to
bind to the ER membrane, the second aspect of our hypothesis.
Fig. 10 presents a model incorporating these ideas.

FABP1 is thought to be a transporter of FA within the various
cell types in which it is expressed, liver, intestine, and kidney
(25). This concept is supported by the elegant fluorescent FA
studies of Luxon et al. (26, 27) in which FA movement in the
cytosol was greatly increased by the presence of FABP1. FABP1
binds two FA and is more promiscuous in ligand binding than
intestinal FABP (FABP2), which only binds a single FA (25).
FABP], in contrast to FABP2, has been shown to deliver its FA
ligand to membranes by diffusion and not collision (28). This
would suggest that there is little interactivity between FABP1
and membranes. However, more recent data have suggested
that FABP1 is capable of interacting with membranes (29). This
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Fig. 8.75-kDa complex is completely disrupted by phosphorylation of the heterotetramer. Untreated 75-kDa protein complex (30 ng) collected from the
anti-FABP1 adsorption column was separated by native PAGE (lane T of each immunoblot). 75 kDa is indicated by the arrows. The component proteins were
identified by immunoblot using antibodies to the proteins as shown below each blot. In lane 2 for each immunoblot, the 75-kDa complex was treated with ATP
and PKC{. 30 pg of the treated protein was separated by native PAGE and transblotted to a nitrocellulose membrane. The proteins identified (FABP1, Sar1b,
Sec13, and SVIP) in each gel are shown below the immunoblot, and its molecular mass is indicated by the arrows. The immunoblot for FABP1 was washed and

re-immunoblotted for Sar1b. The immunoblot for Sec13 was washed and immunoblotted for SVIP. Detection was by ECL.
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Fig. 9. FABP1, as a member of the 75-kDa complex, has increased binding to intestinal ER only when the complex is incubated with ATP and PKCZ.
Intestinal ER (300 wg) was incubated with the 75-kDa protein complex isolated from the anti-FABP1 adsorption column (50 ng). Before incubation with the ER,
the complex was treated under various conditions as indicated. After the ER complex incubation, 30 u.g of protein was separated by SDS-PAGE and immuno-
blotted using anti-FABP1 antibodies. Detection was by ECL. Lane 1, native ER. Lane 2, protein complex incubated with ATP and PKC{ at 37 °C. Lane 3, complex
incubated with ATP and PKC{ at 4 °C. Lane 4, complex incubated with ATP but without PKC{ at 37 °C. Lane 5, complex incubated with PKC{ but without ATP at
37 °C. A, anti-FABP1 immunoblot. The FABP1 band is indicated. B, band densities from A were analyzed by the Gel Doc XR and recorded as densities compared
with the band density of resting ER. The bars are derived from the immunoblot densities in A. The results are the mean = S.E. of four trials The p value of test

differences between the means of lanes 1, 3, 4, and 5 with lane 2 is shown.

concept is supported by the data reported here and our prior
data showing FABP1 binding to the ER (12). By contrast, FABP2
did not bind to ER membranes on incubation (12).

Our current data showing the integration of FABP1 into a
multiprotein complex is not necessarily inconsistent with the
FA transport thesis of FABP because the FABP1 in the complex
could bind FA and transport it to the membrane. We suggest,
however, that this role is subsidiary to the ability of FABP1 to
organize the PCTV-budding complex and generate PCTV. In
further support of the role of FABP1 in association with PCTV
budding and/or FA transport, immunohistochemical data
show that FABP1 is concentrated near the apical membrane of
enterocytes in the fasting state but re-distributes to the cytosol
after lipid feeding where it could interact with the ER (30).

There is little information in the literature on the phosphor-
ylation of Sarlb, but phosphorylation of a different COPII pro-
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tein, Sec24, increases its interactivity with its binding partner,
Sec23 (31). Other data suggest that the phosphorylation of
Sec24C attenuates its membrane binding, reducing ER to Golgi
transport (32). In the intestine, Sec24C appears not to be phos-
phorylated by PKC{.

The results of phosphorylation of Sarlb as suggested here
might be expected to differ from phosphorylation found for the
COPII proteins engaged in budding protein vesicles. Although
the COPII proteins, specifically Sec24C (33), are required for
Golgi targeting of PCTV, they are not required for PCTV bud-
ding (8). GTP is also not needed for PCTV budding (8) thus
removing the requirement for the GDP-GTP exchanger, Sec12,
to be involved in the budding process. Because the COPII pro-
teins do not play an active role in PCTV budding but do in
protein vesicle budding, it suggests that the COPII proteins are
attached to the budding PCTYV vesicle differently than are the
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Fig. 10. Model of the itinerary of FABP1 from cytosol to the ER membrane.
A, 75-kDa complex composed of Sar1, FABP1, Sec13, and SVIP. B, PKC{ phos-
phorylates a Thr on Sar1b. C, complex is completely disrupted after Sar1b
phosphorylation releasing FABP1. D, released FABP1 binds to the ER
membrane.

COPII proteins involved with protein vesicle budding. Further-
more, the cargo-selective function of the COPII proteins, espe-
cially Sec24 (34, 35), for protein vesicles appears to play a sec-
ondary role for PCTV. At least three of the COPII proteins,
Sar1b, Sec23, and Sec24C, interact with the quintessential pro-
tein of the developing chylomicron, apolipoprotein B48 (36),
but this binding is not required for incorporation of the chylo-
micron cargo into PCTV (12). These data are in contrast to the
required engagement of Sec24 with cargo proteins in the pro-
tein vesicle system (34).

This study would suggest that the Sar1b synthetic defects due
to SAR1B gene mutations would lead to a phenotype in which
chylomicrons would be retained in the ER. A phenotype sug-
gestive of this mutation, chylomicron retention disease, was
originally described by Anderson et al. in 1961 (37), but the
mutated protein was not identified as Sar1b until 42 years later
(38). Subsequently, Samson-Bouma and co-workers (17) have
systematically collected and identified multiple mutations in
the SAR1B gene. Unfortunately, study of the various mutations
has not led to a coherent thesis enabling a single functional
defect to be pin-pointed. At least some of the defects are in the
GTP binding pocket of Sar1b, but its effect on PCTV generation
is open to question because PCTV production is independent
of GTP/GDP (8).

The data reported here may explain our prior observation
that immunodepletion of Sarl from intestinal cytosol increases
PCTYV production 6-fold (8). We postulate that on removal of
Sarl from cytosol, FABP1 is freed from the 75-kDa complex
and is now able to bind to the ER in an unregulated manner and
generate PCTV. Iftrue, this thesis would give further support to
the regulatory role of the FABP1 heterotetrameric complex and
its phosphorylation in controlling PCTV generation.
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The protein heterotetramer proposed here consists of 4 mol
of FABP1 compared with 1 or 1.6 mol of the other components.
These data, in which one component of a protein complex pre-
dominates, are consistent with other protein complexes such as
the COPII complex in which Sec13,31 is present as two het-
erodimers as compared with the other COPII components that
are present singly (39) and Hsp90 which is present 4:1 in a
complex with the glucocorticoid receptor (40). There are other
similar examples (41, 42).

Protein phosphorylation has long been known to both
increase or decrease the activity of a variety of proteins, trans-
locate them from cytosol to ER (13, 43) or other membranes
(43, 44), bind them to other proteins that recognize the phos-
phorylated Ser, Tyr, or Thr, induce protein synthesis (45), or
target proteins for degradation by the ubiquitin/proteasome
pathway. Less well recognized is the promotion of protein
aggregation (46). With respect to modulation of ER to Golgi
transport vesicle budding, phosphorylation of Sec23p pro-
motes ER to Golgi protein transport as part of the COPII com-
plex (47), and phosphorylation of Sec24 by PKB promotes
Sec23-24 binding (31). We describe here a novel result of pro-
tein phosphorylation in which the phosphorylation of one pro-
tein (Sarlb) in a multiprotein complex disassembles the com-
plex releasing a protein (FABP1) that can initiate the generation
of a transport vesicle, PCTV.
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