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Abstract

A possible role of cellular uptake and re-secretion of apoA-I in the mechanism of cholesterol efflux
induced by apoA-1 was investigated using a novel experimental approach. Incubation of adipocytes
with a recombinant human apoA-1 containing a consensus PKA phosphorylation site, pka-ApoA-I,
leads to the appearance of phosphorylated protein in the cell culture medium unambiguously proving
cellular uptake and re-secretion of pka-ApoA-I. Phosphorylation of apoA-I is abolished by PKA
inhibitors and enhanced by PKA activators demonstrating the specific involvement of PKA. Studies
on the concentration dependence of pka-apoA-I phosphorylation and competition experiments with
human apoA-I suggest that apolipoprotein uptake is a receptor mediated process. A possible role of
apoA-I recycling in the mechanism of cholesterol efflux was investigated by determining the rates
of apoA-I induced cholesterol efflux and apoA-1 recycling in the presence and in the absence of
Brefeldin A (BFA). The studies showed that BFA strongly inhibits cholesterol efflux without
affecting the rate of apoA-I recycling. Since BFA affects vesicular trafficking of ABCAL, this study
suggests that the interaction of apoA-1 with ABCA1 does not mediate apolipoprotein uptake and re-
secretion. This result suggests that lipidation of apoA-1 and apolipoprotein uptake/re-secretion are
independent processes.

Plasma apolipoprotein A-1 (ApoA-1) plays an important role in the removal of cholesterol from
peripheral tissues and, consequently, in the prevention of atherosclerosis dependent
cardiovascular disease [1]. The rate of cellular cholesterol removal by apoA-I depends on the
plasma membrane levels of cholesterol [2,3] and ATP binding cassette transporter A1, ABCA1
[1,4,5]. The importance of ABCAL in the process of apoA-I lipidation and the concurrent
formation of nascent HDL particles has been demonstrated in numerous studies and is strongly
supported by the fact that nonfunctional ABCA1 molecules lead to the development of
Tangier’s disease [6]. A direct interaction of apoA-1 with ABCAL is in general accepted as a
main step required in the transference of cellular lipids to apoA-I [7-10]. Some studies suggest
that ABCA1 promotes the transference of phospholipids alone to apoA-I [7,10,11] whereas
other studies suggest that phospholipids and cholesterol are loaded into apoA-I in a concurrent
manner [9]. In addition to this uncertainty, it is not clear whether or not the lipidation process
requires cellular uptake of apoA-1. Models of ABCAL dependent lipid loading of apoA-I
assuming that lipidation takes place on the surface of the plasma membrane have been recently
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proposed [12-14]. On the other hand, some studies support models proposing that lipidation
of apoA-l is, at least in part, an intracellular process that therefore requires apolipoprotein
uptake and re-secretion [15-19]. Apolipoprotein uptake has been monitored using approaches
based on the use of fluorescently labeled or radiolabeled apoA-1. These approaches although
highly valuable have some limitations due to the difficulty of clearly distinguishing cellular
incorporation of the protein from protein adsorption to plasma membrane and also because
partial degradation followed by release of the small labeling probe leads to the unspecific
labeling of cellular compartments.

One of the goals of the current study was to develop a method to study cellular uptake and re-
secretion of apoA-I that would remove the some of the uncertainties associated to traditional
methods used with this purpose. Accordingly, we have developed a method that provides
unambiguous proof of protein uptake and re-secretion. Using this method, we investigated the
role of apolipoprotein uptake in the lipidation of apoA-I by adipocytes. We are interested in
this cell type because adipose tissue constitutes one of the largest reservoirs of cholesterol in
vertebrates [20] and as such it could represent a significant contributor to the formation of
nascent HDL. Previous studies have shown that adipocytes release cellular cholesterol to apoA-
I [21,22]. However, as is the case for most cells, the mechanisms involved and their relative
contribution to the overall lipid efflux process have not been fully established.

EXPERIMENTAL PROCEDURES

Materials

Cell Culture

3T3 L-1 cells were purchased from American Type Cell Culture (Manassas, VA). Brefeldin
A, Isoproterenol, bovine PKA (catalytic subunit), fatty acid free bovine serum albumin (BSA),
isobutyl methyl xanthine (IBMX), dexamethasone, trypsin, biotin, sodium pyruvate, insulin,
streptomycin and penicillin were purchased from Sigma Chemicals Co. (St. Louis, MO).
Human apoA-1 was purchased from Meridian Life Science, Inc (Cincinnati, OH). Fetal bovine
serum (FBS) was obtained from Hyclone (Logan, UT). Dulbecco’s modified Eagle’s medium
(DMEM) was purchased from Cellgro Mediatech, Inc (Herndon, VA). [3H]-Cholesterol (60
Ci/mmoL) was from Perkin-Elmer.

3T3 L-1 pre-adipocytes were cultured at 37°C in 8% CO, atmosphere in high glucose DMEM
supplemented with 10% FBS and 0.01% antibiotics. One day after confluence, the
differentiation into adipocytes was induced by addition of IBMX (111ug/mL), dexamethasone
(0.46 ug/ml), and insulin (1.5 ug/ml) in the medium that was also supplemented with biotin (4
ug/ml) and sodium pyruvate (100 pug/ml) [23]. After 48 h, the cells were incubated in DMEM/
10 % FBS containing insulin, biotin, and sodium pyruvate for additional 48 h. Afterwards the
cells were maintained in DMEM/10% FBS. All experiments were conducted 12 days after
completion of the differentiation period.

Cloning and Purification of pka-apoA-I

Full-length mature human apoA-1 was cloned into a pET33b vector (Novagen, Inc), which
incorporates an N-terminal tag encoding for a six-His tag and a five amino acid recognition
sequence (RRASV) for the catalytic subunit of cAMP-dependent protein kinase (PKA). A
DNA sequence including the complete coding sequence for mature human apoA-I (243
residues) was cloned into the pET33b vector using the BamH | and Sal | cloning sites. The
final sequence encoded a protein of 288 residues with a mass of 32.8 kDa. The protein was
expressed in E. coli and purified by Ni-affinity chromatography using standard procedures.
The protein size was confirmed by SDS-PAGE. The identity of the protein was confirmed by
Maldi-tof peptide mass fingerprint. For this purpose Coomassie blue stained protein bands
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were excised, reduced, alkylated, and digested with trypsin. The masses of the eluted peptides
were determined in a Voyager DE-Pro Maldi-tof mass spectrometer.

The presence of an accessible PKA phosphorylation site was confirmed by in vitro
phosphorylation of the pure recombinant apoA-1 with the catalytic subunit of bovine PKA and
v-[32P]-ATP as previously described for other protein [24].

ApoA-1 Uptake and Re-secretion

3T3-L1 fibroblasts derived adipocytes cultured in six well dishes were radiolabeled by
incubation for 5 h at 37°C with 40uCi/well of [32P] orthophosphate (carrier free) in phosphate-
free DMEM containing 0.12% BSA. At the end of the labeling period, the cell medium was
replaced with fresh medium containing isoproterenol (10ug/ml final concentration) or DMSO
(Solvent used to dissolve isoproterenol) were added to the appropriate wells. Pka-ApoA-1
(100ung) was also added immediately after the radiolabeling period. Aliquots of the cell media
were collected at the specified intervals of time and loaded into a Ni-affinity column. The
column was washed first with 20mM Tris, 0.5M NaCl, pH 7.8, and then with the same buffer
containing increasing concentrations of imidazole. ApoA-I eluted in the fractions containing
between 100mM and 1M imidazole. The eluted proteins were separated by SDS-PAGE on
4-20% gels. The gels were dried, and phosphorylation was visualized by autoradiography.

Concentration dependence of the rate of pka-apoA-l phosphorylation

These studies were carried out in six-well dishes in a similar fashion to the studies described
above but varying the concentration of pka-apoA-I in the cell culture medium (KRBH medium
containing 0.12% BSA and 80uCi/well of [32P] orthophosphate). Samples from the cell
medium were taken 30 min after addition of the apolipoprotein and directly used to separate
pka-apoA-1 by SDS-PAGE and analyze its radiolabeling intensity by autoradiography.

The effect of human apoA-I concentration on the rate of pka-apoA-1 phosphorylation was
monitored from the radioactivity associated to pka-apoA-I after incubation of 32P-prelabeled
adipocytes for 30 min in a medium containing different ratios of human apoA-1 to pka-apoA-
I. To determine the intensity of pka-apoA-I phosphorylation samples of the medium were
subjected to SDS-PAGE followed by autoradiography.

Cholesterol Efflux

Adipocytes cultured in six-wells dishes were radiolabeled by incubation for 24 h with
[1,2-3H]-cholesterol (2 uCi/ml) in DMEM containing 2.5% FBS [25]. The media was removed
and the cells were incubated for 3 hours in serum-free DMEM containing 0.2% BSA (DMEM/
BSA) and, before the beginning of the experiment, rinsed twice with DMEM/BSA.. The efflux
experiment was carried out at 37 °C and started by the addition of fresh DMEM/BSA (For the
assessment of background cholesterol release) or DMEM/BSA supplemented with 75ug/ml of
apoA-I (To assess background plus apoA-1 induced cholesterol efflux). The effect of PKA
activity on cholesterol efflux was determined in DMEM/BSA supplemented with 10ug/ml of
isoproterenol. At the end of the incubation, the cells were washed with phosphate buffered
saline (PBS) twice and the lipids extracted with isopropanol [26]. The lipid extract was used
to determine the fraction of radiolabeled cholesterol remaining in the cells. ApoA-I induced
cholesterol efflux was expressed as percentage of total cellular cholesterol and calculated as
the difference between the percentages of cholesterol released in the presence and in absence
of apoA-I.
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RESULTS

ApoA-I recycling by adipocytes

The main goal of this work was to investigate whether or not adipocytes were able to internalize
and resecrete apoA-l. In order to assess apoA-1 recycling in adipocytes we attempted
developing a method that could provide an unambiguous proof of apolipoprotein recycling. It
was hypothesized that a functional recombinant apoA-1 containing a phosphorylation site
would constitute an ideal tool to monitor recycling. Cellular uptake of the protein would allow
its phosphorylation, and if resecreted, the phosphorylated protein would be found in the cell
culture medium. Because phosphorylation is an intracellular process, the appearance of
phosphorylated protein in the cell culture medium would unequivocally indicate cellular uptake
and re-secretion of the protein. Thus, a pka-apoA-I construct was prepared by subcloning the
full-length sequence of mature human apoA-I into a commercial vector that incorporate an N-
terminal tag encoding for a six-His tag and a five amino acid recognition sequence (RRASV)
for the catalytic subunit of cAMP-dependent protein kinase (PKA). The pka-apoA-I construct
was expressed in E. coli and purified by Ni-affinity chromatography using standard procedures.
In close agreement with its theoretical mass of 32.8kDa, pka-apoA-I migrated in SDS-PAGE
as a 31kDa marker. The identity of the protein was confirmed by peptide mass fingerprint.
Maldi-tof of the peptides obtained by in gel digested pka-apoA-I covered over 50% of the
apoA-I sequence (data not shown). The presence of the phosphorylation site in pka-apoA-I
was determined by in vitro phosphorylation using the catalytic subunit of PKA and y-[32P]-
ATP. Using as control human apoA-I, this study showed that only the recombinant protein was
phosphorylated.

The experiment to investigate apoA-1 uptake and re-secretion consisted in adding pka-ApoA-
| to adipocytes that had been pre-incubated with 32P-phosphate to radiolabel the cellular pool
of ATP. The cell culture medium was removed after different times of incubation and used to
isolate pka-apoA-I by Ni-affinity chromatography. PKA-apoA-I containing fractions were
subjected to SDS-PAGE followed by Coomassie Blue staining and autoradiography. The
Figure 1 shows the results obtained when pka-apoA-I was incubated with adipocytes in the
absence or in the presence of the specific PKA inhibitor H89, or in the absence or presence of
isoproterenol, a B-adrenergic agonist that raises cAMP and activates of PKA. Activation of
PKA in isoproterenol treated cells was confirmed by determining the rate of triglyceride
hydrolysis through the production and release of glycerol into the cell culture medium.
Isoproterenol promotes a ~7-fold increase in the rate of glycerol production.

The results (Fig. 1A) show that phosphorylated apoA-1 is recovered from the cell medium and,
therefore, demonstrate the ability of adipocytes to internalize and re-secrete apoA-I into the
cell medium. Confirming the integrity of the cells and specificity of the phosphorylation, B-
adrenergic stimulation of the adipocytes promoted a ~six-fold increase in the intensity of
phosphorylation of purified apoA-I (Figure 1 C and D). Furthermore, the specificity of the
phosphorylation by PKA was demonstrated by the fact that the PKA inhibitor H89 practically
abolished the recovery of phosphorylated apoA-1. The inhibition of the phosphorylation for
the samples shown in the figure 1 ranged between 85% and 99%.

Overall, this study clearly demonstrates the ability of adipocytes to internalize and re-secrete
apoA-I.

Effect of Brefeldin A on the rates of cholesterol efflux and apoA-I recycling

Brefeldin A is a well characterized inhibitor of cholesterol efflux that has been used in
numerous studies and cell types [27,28]. The precise mechanism of function of BFA is not
known. However, the fact that BFA disturbs intracellular vesicular trafficking [28,29] and the
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dynamics and intracellular distribution of ABCA 1 [30] suggest that it affects the rate of
cholesterol efflux through its effect on vesicular transport. Based on these properties of BFA,
we hypothesized that a decrease in the rate of apoA-I recycling associated to the inhibition of
cholesterol efflux promoted by BFA would suggest the involvement of apoA-1 uptake and re-
secretion in the mechanism of cholesterol efflux. To investigate this hypothesis, first we studied
the effect of BFA on the rate of apoA-I induced cholesterol efflux in [3H]-cholesterol loaded
adipocytes. This study was carried out under basal conditions of cellular PKA activity and also
in the presence of isoproterenol to activate PKA. As shown in the Figure 2, activation of PKA
does not affect the rate of apoA-I induced cholesterol efflux. However, BFA has a major
inhibitory effect on the rate of cholesterol efflux (over 80% inhibition, P<0.001) under both
basal and PKA-activated conditions.

In spite of the large inhibitory effect of BFA on cholesterol efflux, the study of apoA-I
recycling, carried out under identical conditions, but using 32P-phosphate prelabeled cells,
showed no effect of BFA on the rate of apoA-I uptake and re-secretion. As shown in the Figure
3 for basal levels of PKA activity the intensities of apoA-1 phosphorylation, normalized for
protein recovery, are nearly identical with or without BFA. As expected the intensities of
phosphorylation of apoA-I are greater when PKA is activated. However, as observed under
basal PKA conditions, comparison of apoA-1 phosphorylation data obtained from PKA-
activated cells does not show differences between control and BFA treated cells. These results
suggest that the inhibitory effect of BFA on the rate of cholesterol efflux is not due to the
inhibition of the cellular uptake or re-secretion of apoA-I.

Concentration dependence of the rate of apoA-I recycling

To characterize further the process of apoA-I recycling we studied the effect of the
concentration of recombinant apoA-I on the rate of appearance of phosphorylated apoA-I in
the cell culture medium. As shown in the figure 4, the increase in recombinant apoA-I
concentration in the cell culture medium leads to a progressive increase in the extent of apoA-
I phosphorylation. At concentrations higher than 75ug/ml the rate of phosphorylation
approaches a plateau suggesting that recycling of apoA-I is a receptor mediated process. The
saturation observed is likely due to a rate limiting step involving binding of apoA-I to areceptor.
Under this assumption the Km value inferred from the study, 1-2 pM, would be similar to the
dissociation constant characterizing the apoAl/receptor interaction The figure 4 also shows
that the concentration dependence of pka-apoA-1 phosphorylation in the presence of BFA is
nearly identical to that obtained in the absence of inhibitor. This similarity further confirms
that BFA does not affect the rate limiting steps, most likely binding steps, of the process of
apoA-I uptake and resecretion.

Effect of human plasma apoA-I on the rate of recycling of recombinant apoA-I

To test further the specificity of the recycling observed with pka-apoA-I, the effect of human
apoA-I1, purified from plasma, on the rate of phosphorylation of pka-ApoA-I was investigated.
For this purpose, 32P-prelabeled adipocytes were incubated with a constant concentration of
pka-ApoA-I in the presence of increasing concentrations of apoA-1 isolated from human
plasma. As shown in the Figure 5, human apoA-I reduces the appearance of phosphorylated
pka-apoA-1 in the cell culture medium in a dose dependent manner indicating a competition
between human and recombinant apoA-I for binding to a common receptor. The concentration
dependence of the inhibition of phosphorylation suggests that pka-apoA-I and human apoA-I
have a similar affinity for the receptor (~1-2 pM).
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DISCUSSION

The present study describes a novel approach to investigate cellular uptake and re-secretion of
proteins that removes some of the uncertainties inherent to pulse-chase methods based on the
use of radiolabeled or fluorescently-labeled proteins. Since protein phosphorylation can only
occur inside the cell, the appearance of phosphorylated protein in the cell culture medium
constitutes unambiguous evidence of protein uptake and subsequent exocytosis. Using this
approach our study presents strong evidence supporting the ability of adipocytes to internalize
and re-secrete apoA-1. No other studies have previously shown apoA-I recycling in adipocytes.

The precise mechanism/s involved in apolipoprotein mediated cholesterol removal from cells
is not known. One of the models under consideration assumes that ABCA1 would facilitate
the removal of cellular cholesterol by a mechanism that involves binding of apoA-1 to ABCA1
[7], followed by translocation of the receptor-apoA-I complex to intracellular vesicles and
subsequent secretion of lipid loaded apoA-1. This mechanism is supported by an early study
that showed a correlation between apoA-I retroendocytosis and cholesterol efflux in wild type
and Tangier’s cells [15]. Further support comes from more recent studies showing co-
localization of apoA-I and ABCAL in endosomal compartments [17-19,31].

To explore a possible role of apoA-I recycling in cholesterol efflux in adipocytes we
investigated the effect of BFA on the rate of apoA-I recycling. The selection of BFA as inhibitor
was based on the facts that it is a potent inhibitor of cholesterol efflux [27] and it has been
shown to affect intracellular trafficking of ABCA1 [28,30]. As in other cells and previous
studies, our results also demonstrated that BFA nearly abolishes the ability of adipocytes to
promote loading of apoA-1 with cholesterol. Given the high level of inhibition of apoA-I
induced cholesterol efflux achieved with BFA we expected that it would also inhibit apoA-I
recycling. However, as shown at different times of incubation (Fig 3) and apolipoprotein
concentrations (Fig 4), BFA did not affect the rate of cellular uptake and/or re-secretion of
apoA-1. These results are somehow surprising. However, the lack of effect of BFA on apoA-
I recycling could be due to the fact that apoA-I uptake and re-secretion follows a BFA-
insensitive path. In this regard it has been shown that in spite of its dramatic effects on the
morphology of the endocytic compartments BFA does not prevent the normal recycling of
several receptors, including the transferring receptor, the IgA receptor and the mannose-6-
phosphate receptor [29,32,33]. It is then likely that apoA-I recycling takes place via BFA-
insensitive vesicles.

Although BFA does not affect the recycling of all receptors, it has been shown to affect
intracellular trafficking of ABCA1 [28,30]. Therefore, the fact that BFA did not affect the rate
of apoA-I recycling suggests that ABCAL does not mediate apoA-I uptake. Alternatively, one
would conclude that the interaction between ABCAL and apoA-1 does not constitute a rate
limiting factor for apolipoprotein recycling even in the presence of BFA. Further support to
this suggestion arises from the fact that the estimated affinity of apoA-I for ABCAL is nearly
two orders of magnitude greater than the apparent affinity (Km ~2000 nM) that characterizes
the process of apoA-1 recycling observed in our studies. The reported dissociation constant,
Kd, values for apoA-1/ ABCAL range between 23nM [34] and 74nM [35]. This analysis
suggests the presence of an ABCA1 independent mechanism of apoA-I uptake and re-secretion
in adipocytes.

The fact that ABCAL plays a major role in apoA-I induced cholesterol efflux and the results
of our study suggesting that ABCAL1 is not involved in apoA-I recycling lead to two possible
interpretations. A possible explanation of is that apoA-I lipidation is indeed confined to the
plasma membrane. In this case apoA-I recycling would be a phenomenon completely unrelated
to the process of cholesterol efflux and BFA would prevent cholesterol efflux by affecting the
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function of ABCAL at the membrane surface. However, if lipidation of apoA-I were an
intracellular process our study would indicate that BFA effectively blocks intracellular
lipidation of apoA-1 without affecting apolipoprotein uptake and/or secretion.

Clearly, additional studies on the relationship between apoA-I recycling and cholesterol efflux
are necessary to advance on the construction of a solid mechanism of apoA-I induced
cholesterol efflux. The method described to study apoA-I recycling and the results showing
the possibility to decouple lipid loading from apoA-1 recycling using BFA may result useful
for further studies on this area.
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Figure 1. ApoA-I recycling in adipocytes

32p_prelabeled adipocytes were incubated for 60 or 120 min in phosphate-free DMEM/0.12%
BSA medium containing 40 pCi of 32P-PO4H5 and 100 pg of pka-apoA-l, in the presence of
in the absence of either or both isoproterenol (to activate PKA) or the PKA inhibitor H89
(40uM) as indicated in the figure. ApoA-I was purified from the medium and analyzed by
SDS-PAGE and autoradiography. Panels A and B show the autoradiography of the samples
(top picture) and their corresponding Coomassie Blue stained gels (bottom picture); Panels C
and D show the changes in apoA-1 phosphorylation (ratio of radiolabeling intensity to protein
mass) induced by the PKA inhibitor H89 in control cells (basal PKA activity) and cells
stimulated with isoproterenol (activated PKA), respectively. Radiolabeling intensities and
masses of apoA-I bands were determined by densitometry of the scanned gels and
autoradiographies. The data of panels C and D were obtained simultaneously and, therefore,
are comparable. However, note the difference in scales of panels C and D.
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Figure 2. Effect of Brefeldin A on the rate of apoA-I induced cholesterol efflux

[3H]-cholesterol prelabeled adipocytes were incubated for 2 hours in DMEM with, or without,
Brefeldin A (10 png/ml) and with or without pka-apoA-1 (75 pg of protein/ml). The bars show
the mean values of apoA-I induced cholesterol efflux (expressed as % of cellular radiolabeled
cholesterol) and their corresponding S.E (n=11, control-basal PKA; n=8, BFA basal PKA; n=7
Control-activated PKA; n=6 BFA-activated PKA, where n represents the number of wells
used). Average values of apoA-I induced cholesterol efflux were calculated as the difference
between the mean values of cholesterol found in wells containing apoA-1 and the corresponding
values for wells without apoA-1. The SD of the differences was calculated as: SD=
[SD?(apoAl) + SD?(blank)]¥/2 . The statistical significance of the differences between the
mean values of apoA-I induced cholesterol efflux was determined by one-way ANOVA.
Significant differences (P<0.001) were obtained between control and BFA samples under
either basal or elevated (in the presence of isoproterenol) cellular PKA activities.
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Figure 3. Effect of BFA on apolipoprotein A-1 uptake and re-secretion

32p_prelabeled 3T3 L-1 adipocytes were incubated in phosphate-free DMEM medium
containing 0.12% BSA, 80 uCi/ml of [32P]-phosphate and pka-apoA-I (75ug/ml). After
incubation for 120 min, apoA-1 was recovered from the cell culture media by Ni-affinity
chromatography. Proteins were separated by SDS-PAGE on 4-20% gels. Panel A shows the
autoradiogram and Panel B shows the corresponding apoA-I region of the Coomassie Blue-
stained gel. Lane 1: Medium from adipocytes (Basal PKA) incubated without apoA-I; Lane 2:
Medium from cells (Basal PKA) incubated with apoA-I; Lane 3: Medium from cells (Basal
PKA activity) incubated with apoA-1 and BFA (10ug/ml); Lanes 4, 5 and 6: Same as lanes 1,
2 and 3 but cellular PKA was activated with isoproterenol 10 pg/ml.
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Figure 4. Concentration dependence of apoA-I recycling rate

32p_prelabeled adipocytes were incubated for 30 min in 1ml of KRBH-BSA medium
containing different amounts of recombinant pka-apoA-I. Samples of the medium were
subjected to SDS-PAGE to determine the radiolabelling intensity of pka-apoA-1. Panels A and
B show a representative autoradiography (A) and its corresponding Coomassie Blue stained
gel (B) obtained with samples of varying pka-apoA-I concentrations. The arrows indicate the
location of pka-apoA-1 in the gel picture and autoradiography. C) Plots of the concentration
dependence of the phosphorylation intensity of pka-apoA-1 incubated with control adipocytes
(mean value +/- range n=2) and BFA treated cells (n=1).
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Figure 5. Competition between pka-apoA-I and human apoA-I

32p_prelabeled adipocytes were incubated for 30 min in KRBH-BSA medium (1ml) containing
40 pg of pka-apoA-1 and different amounts of apoA-1 from human plasma, as indicated in the
figure. The proteins in the medium were separated by SDS-PAGE and subjected to
autoradiography. Panel A) Autoradiography; B) Coomassie Blue stained gel displaying the
region containing both pka-apoA-I and human apoA-1. C) Plot of the effect of human apoA-I
concentration on the phosphorylation of recombinant apoA-I.
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