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Abstract Plasma samples were incubated under various con-
ditions to study the effect of in vitro incubation on apolipoprotein
A-1V distribution between the lipoprotein and lipoprotein-free
fractions. When plasma was fractionated immediately after
bleeding, apolipoprotein A-IV was present in equal concentra-
tions in the lipoprotein and lipoprotein-free fractions. After a
4-hr, 37°C incubation, >90% of total plasma apolipoprotein A-
IV was present in the lipoprotein fraction and the percentage
of plasma cholesterol present as cholesteryl ester increased from
58% to 74%. When plasma was incubated for 4 hr at 37°C in
the presence of 1.5 mM 5,5-dithiobis(2-nitrobenzoic acid)
(DTNB), >90% of total plasma apoA-IV was present in the
lipoprotein-free fraction, whereas plasma cholesteryl ester con-
centration did not change. Incubating heat-inactivated plasma
for 4 hr also resulted in the redistribution of apolipoprotein A-
IV from the lipoprotein fraction to the lipoprotein-free fraction,
concurrent with no change in cholesterol esterification. When
heat-inactivated plasma was incubated in the presence of a pu-
rified lecithin:cholesterol acyltransferase preparation, cholesterol
esterification was restored and apolipoprotein A-1V was redis-
tributed from the lipoprotein-free fraction to the lipoprotein
fraction in such a manner that >90% was present in the lipo-
protein fraction. No changes in apolipoprotein A-1 and apoli-
poprotein E distributions were found under any of the above
conditions. Thus, the in vitro plasma incubations show that apo-
lipoprotein A-IV can move bidirectionally between lipoprotein
and lipoprotein-free fractions; the direction of this movement
depends on the condition of the incubation.B These data also
suggest that the LCAT reaction can influence apolipoprotein
A-1V distribution in the plasma.—DeLamatre, J. G., C. A.
Hoffmeier, A. G. Lacko, and P. S. Roheim. Distribution of
apolipoprotein A-1V between the lipoprotein and the lipoprotein-
free fractions of rat plasma: possible role of lecithin:cholesterol
acyltransferase. J. Lipid Res. 1983. 24: 1578-1585.

Supplementary key words cholesterol esterification ¢ agarose column
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Apolipoprotein (apo) A-1V is found primarily in*high
density lipoproteins (HDL) and the d > 1.21 g/ml fraction
in rat plasma (1-6). In the rat, apoA-IV is synthesized
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by both the intestine and liver (7). Turnover studies in
the rat suggest that apoA-1V, which enters the plasma as
a chylomicron component, transfers to the lipoprotein-
free fraction (d > 1.21 g/ml) and then moves to HDL
(4). Previous studies from this laboratory have demon-
strated a reciprocal relationship between apoA-IV con-
centration in HDL vs. the lipoprotein-free fraction; when
rats are fed high-cholesterol, high-fat diets, the apoA-IV
concentration in HDL decreases at the same time that
apoA-IV concentration in the lipoprotein-free fraction
increases (6). We postulated that apoA-IV moves from
the lipoprotein-free fraction to HDL in association with
the esterification of free cholesterol due to the action of
lecithin:cholesterol acyltransferase (LCAT). The present
study provides direct evidence that the LCAT reaction
can influence the distribution of apoA-IV, and shows that
apoA-IV can transfer from the lipoprotein-free fraction
to the lipoprotein fraction or vice versa in vitro.

MATERIALS AND METHODS

Plasma collection

Male Sprague-Dawley rats, 275-300 g, were main-
tained on laboratory rat chow. On the day of the ex-
periments, two to four rats were bled in the morning
from the abdominal aorta while under light ether anes-

Abbreviations: HDL, high density lipoproteins (d 1.063~1.21 g/
ml); LCAT, lecithin:cholesterol acyltransferase (EC 2.3.1.43); DTNB,
5,5-dithiobis (2-nitrobenzoic acid); LDL, low density lipoproteins (d
1.03-1.063 g/ml); SDS-PAGE, sodium dodecyl sulfate polyacrylamide
gel electrophoresis; apo, apolipoprotein; EDTA, ethylenediaminetet-
raacetic acid.

! To whom reprint requests should be addressed. Present address:
Department of Physiology and Biochemistry, Medical College of
Pennsylvania, 3300 Henry Avenue, Philadelphia, PA 19129.
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thesia. Syringes contained 300 mM ethylenediaminetet-
raacetic acid (EDTA) in an amount that would result in
a final concentration of 3 mM EDTA. Blood was placed
on ice until plasma was separated by centrifugation at
1500 rpm for 20 min and immediately pooled. The pooled
plasma was divided into two samples, one of which served
as the control for the other sample. In this manner, each
experimental run consisted of a paired experimental and
control group.

Lipoprotein isolation

Column chromatography. Immediately after the plasma
was separated, or after incubation, the control and ex-
perimental samples were fractionated by agarose gel col-
umn chromatography using two calibrated column sets
that were run simultaneously and had similar elution pat-
terns. A 0.9 X 100-cm column of 10% agarose (Bio-Gel
0.5 m, 200-400 mesh, Bio-Rad Laboratories, Richmond,
CA) was used with a buffer of 0.15 M NaCl, 0.1% EDTA,
and 0.1% sodium azide, pH 7.4. The column was operated
at 4°C with a flow rate of 4.5 ml/hr. Fractions of 25
drops/tube were collected. These columns separated the
plasma into three general areas: a) the void volume that
contained lipoproteins having a size approximately that
of low density lipoprotein (LDL) and larger; 5) “HDL”
size lipoproteins; and ¢) lipoprotein-free fraction. In each
column run, '#I-labeled LDL and '?I-labeled albumin
were used as internal standards to mark the void volume
and lipoprotein-free fractions, respectively, as previously
described (5, 6). The distribution of apoA-I was such that
it was between the two markers; therefore, the “HDL”
region was designated as beginning one fraction after the
LDL peak and ending two fractions before the albumin
peak. This consistently corresponded with the apoA-I
distribution which was determined in each experiment.
In the data shown in Table 1 and subsequent tables,
region A consisted of the fractions that contained the
void volume; regions B and C were *“HDL” fractions with
pool B being the first half of those fractions (large HDL)
and pool C being the second half (small HDL); and region
D consisted of the lipoprotein-free or non-lipoprotein
fractions. In this manuscript, the lipoprotein-free fractions
refer to those fractions that eluted in the same region as
albumin and were distinctly separated from fractions con-
taining lipoproteins.

Ultracentrifugal separation of lipoproteins. In some ex-
periments, lipoproteins were further isolated from agarose
column fractions (regions B and C) by ultracentrifugation.
Samples were adjusted by the addition of KBr to 1.21
g/ml (8); after that, at least 2 ml of KBr solution of d
1.21 g/ml was layered over the samples which were then
ultracentrifuged for 48 hr in a Beckman L5-50 prepar-
ative ultracentrifuge at 40,000 rpm using an SW-41 rotor.

In vitro incubations

The following in vitro experiments were done using
paired plasma samples: a) 3—-5 ml of plasma samples were
incubated for 4 hr at 37°C in either the presence or
absence of 1.5 mM 5,5-dithiobis(2-nitrobenzoic acid)
(DTNB), an agent that is known to inhibit LCAT activity
at this concentration (9). After the incubations, DTNB
was added to the samples that did not contain DTNB
during the incubation, and samples were immediately
subjected to column chromatography. b) Plasma samples
were either applied to the columns immediately after
separation or after incubation for 4 hr at 37°C in the
presence of 1.5 mM DTNB. Just before column frac-
tionation, DTNB was also added to samples not incubated.
¢) Whole blood was collected and plasma was separated
either immediately after bleeding or after incubation for
4 hr at 37°C and applied to agarose columns as described
above. d) Pooled plasma was heat-inactivated by incu-
bation at 56°C for 30 min (9-11); this was either not
incubated or incubated for 4 hrs at 37°C and immediately
applied to agarose columns. ¢) Heat-inactivated plasma
samples were incubated for 4 hr at 37°C in the presence
or absence of a purified LCAT preparation and imme-
diately applied to agarose columns. The human LCAT
preparation used in this study gave a single band on SDS-
PAGE and contained no detectable apolipoproteins;
however, the presence of minor contaminants could not
be ruled out.

Analytical methods

Apolipoprotein concentrations were determined by the
electroimmunoassay technique of Laurell (12), as modified
by Dory and Roheim (13). Antisera used in this study
were prepared as previously described (13). Sodium do-
decyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was done using a system described by Laemmli
(14) in a 3-20% polyacrylamide slab gel gradient. Cho-
lesterol concentrations of plasma and plasma fractions
were determined by a gas-liquid chromatography method
previously described by Davis, Showalter, and Kern (15).
Cholesteryl ester concentrations were calculated by sub-
tracting free cholesterol from total cholesterol and ex-
pressed as a percentage of total cholesterol. For statistical
analysis, the paired sample ¢-test was used (16).

RESULTS

Effect of in vitro incubation on apolipoprotein
A-1IV distribution between lipoproteins and
lipoprotein-free fractions

The percentage of total plasma cholesterol present as
cholesteryl ester was determined at several time points
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Fig. 1. Cholesterol esterification in rat plasma during incubation with
and without DTNB. Plasma was incubated at 37°C in the presence
(O~ ~-0O) or absence (® - ~ - ®) of 1.5 mM DTNB. Samples were
taken at several time points during a 24-hr incubation and immediately
extracted in chloroform-methanol 2:1. The percentage of total plasma
cholesterol present as esterified cholesterol was determined. Each value
represents the mean + SEM of four separate experiments.

in a 24-hr incubation. The data in Fig. 1 show that just
before the beginning of the incubation (0 hr), 58% of
total plasma cholesterol was present as cholesteryl ester.
In samples incubated without DTNB, this amount in-
creased to 76% at 6 hr and was not significantly different
at 24 hr. If 1.5 mM DTNB was included in the incubation

mixture, the percentage of total plasma cholesterol pres-
ent as cholesteryl ester did not change throughout the
24-hr incubation. Fig. 1 shows that at 4 hr the percentage
of total plasma cholesterol present as cholesteryl ester
averaged 73% in samples incubated without DTNB and
58% in samples incubated with 1.5 mM DTNB. Based
on these data we chose 4 hr as our time of incubation in
subsequent studies.

Experiments were done to determine how incubation
of plasma with or without DTNB influences apoA-IV
distribution. The data presented in Table 1 and Fig. 2
show that when plasma was incubated in the presence of
1.5 mM DTNB, practically all of the apoA-IV (>90%)
was present in the lipoprotein-free fractions. When plasma
was incubated without DTNB, however, practically all
(>90%) of the apoA-IV was present in the lipoprotein
fraction. More than 50% of the lipoprotein ApoA-IV was
present in region B, the fraction which contains large
HDL. No significant changes in the distribution of apoE
or apoA-I were observed. Lipoproteins observed by aga-
rose gel column chromatography were further purified
by ultracentrifugation. When SDS-PAGE was run on these
samples, the difference in their apoA-IV content was sim-
ilar to the difference observed by immunochemical de-
terminations (data not shown); the lipoproteins derived
from plasma incubated without DTNB contained con-
siderably more apoA-1V than the samples from plasma
incubated with DTNB.

TABLE 1. Effect of a 4-hr, 37°C incubation of plasma in the presence and absence of DTNB on
the distribution of apoA-IV, apoE, apoA-I, cholesterol, and cholesteryl ester

Region
A B C
VLDL Large Smali D
and LDL HDL HDL Lipoprotein-Free
% of total plasma®

APoA-IV +DTNB 0 1+1 8§+3 91 + 4

pos: —-DTNB 19 + 8 52 7 19 + 2% 10 + 7%
ApoE +DTNB 327 50+ 5 18 + 2 1+1

pe ~DTNB 27+ 6 59 + 3 14 + 3 0
AboALl +DTNB 1+04 55 + 0.5 43+ 2 1+03

pos- -DTNB 3+05 60 + 3 37 +4 0
“Fotal cholesterol +DTNB 35+ 3 38x1 25+ 2 1+05

ol cholestero -DTNB 27 + 2 50 + 2 22 + 1% 1+02
Percent cholesteryl +DTNB 381 70 + 2 75 £ 4 0

ester -DTNB 56 + 7° 85 + 14 84+ 1° 0
Total cholesterol 53 + 2 mg/dl
Percent cholesteryl ester

+DTNB 58 + 4

-DTNB 74 + 4

@ Values shown for the pooled fractions express the parameter as a percentage of the total plasma
concentration except for the percent cholesteryl ester values, which represent the percentage of that
region’s total cholesterol that is esterified. Values represent the mean + SEM for three experiments.

b Significantly different from paired observations (P < 0.05).
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Fig. 2. ApoA-IV distribution in plasma incubated with or without
DTNB. Paired plasma samples were incubated for 4 hr at 37°C either
in the presence (O - — - O) or absence (@ - - - @) of 1.5 mM DTNB.
Samples were then simultaneously fractionated by column chroma-
tography using 10% agarose gel. Standards of '*I-labeled LDL and
125 labeled albumin were included with each run to mark the void
volume and lipoprotein-free fraction, respectively. Arrows indicate
where the peak fraction for each standard was found. ApoA-IV con-
centrations were then determined by electroimmunoassay. The data
shown depict two representative paired samples.

The distribution of total cholesterol as well as the per-
centage of cholesterol present as cholesteryl ester differed
among the plasma fractions depending on whether the
plasma was incubated with or without DTNB (Table 1).
When plasma was incubated without DTNB, the total
cholesterol decreased in regions A and C whereas the
percentage of cholesterol present as cholesteryl ester in-
creased, reflecting a decrease of free cholesterol in these
fractions. In region B, however, total cholesterol as well
as percentage of cholesterol present as cholesteryl ester
increased. In addition to the largest increase in esterified
cholesterol occurring in large HDL (region B), apoA-1V
concentrations were highest in this region.

To better clarify this phenomenon (change in apoA-
1V distribution), we determined the apolipoprotein dis-
tribution in plasma fractionated immediately before the
incubation (0 hr) and compared the result with the apo-
lipoprotein distribution of plasma fractionated after a 4-
hr incubation in the presence of DTNB. The data in Fig.
3 and Table 2 show that immediately before the incu-
bation, apoA-IV was distributed in roughly equal con-
centrations in the lipoprotein (HDL) and lipoprotein-free
fractions. This distribution most closely approximates the
distribution of apoA-IV normally present in vivo in cir-
culating plasma. In contrast, when plasma was fractionated

after it had been allowed to incubate for 4 hr in the
presence of DTNB, 87% of the apoA-IV was found in
the lipoprotein-free fractions. As in previous experiments,
no significant changes in apoE or apoA-I distribution were
observed.

Whole blood was incubated to more closely approxi-
mate in vivo conditions. Blood was separated and frac-
tionated either immediately (O hr) or after a 4-hr 37°C
incubation. Fig. 4 shows the effect of incubating whole
blood on the distribution of apoA-IV. This experiment
provided information as to whether the presence of avail-
able free cholesterol and phospholipids in the red cells
would affect apoA-IV distribution. We observed that most
of the apoA-IV was present in the lipoprotein fraction
after a 4-hr incubation compared with data from 0 hr,
where the apoA-IV was about equally distributed between
the lipoprotein and lipoprotein-free fractions. These data
are practically identical to data obtained by incubation
of whole plasma alone.

Effect of heat-inactivation and LCAT activity on
apolipoprotein A-IV distribution

These observations suggest that the LCAT reaction
may influence the apoA-1V distribution between the li-
poprotein and lipoprotein-free fractions. Because DTNB

Percent of Total Plasma Apo AIX
®

f30 35 40 tas 50
1281 DL 1251- Albumin

Fraction Number

Fig. 3. ApoA-1V distribution in vivo and the effect of incubating
plasma in the presence of DTNB. Paired plasma samples were frac-
tionated by column chromatography (using 10% agarose gel) either
immediately before an incubation (® - — - @) or after a 4-hr, 37°C
incubation in the presence of 1.5 mM DTNB (O ~ - - O). Standards
of '®I-labeled LDL and '**I-labeled albumin were included with each
run to mark the void volume and lipoprotein-free fractions, respectively.
Arrows indicate where the peak fraction for each standard was found.
ApoA-1V concentrations were then determined by electroimmunoassay.
The data shown depict two representative paired samples.
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TABLE 2. Effect of a 4-hr, 37°C incubation of plasma in the presence of DTNB on the
distribution of apoA-IV, apoE, and apoA-I¢

Region
A B C
VLDL Large Small D
and LDL HDL HDL Lipoprotein-Free
] 0 hr 0.3 + 0.1 90 + 3 95 + 0.3 55+ 3
ApoA-lv 4hr 0 4+ 3 9+ 3 87 + B¢
0 hr 18+3 55 + 2 95 + 4 242
ApoE 4 hr 17+ 3 55+ 5 27 + 4 0.1+0.1
0 hr 0 93 + 5 71 + 4 5+ 4
N +
ApoA-l 4hr 0.1+0.1 99 + 6 70 + 6 0.6+ 03

“ DTNB was added to plasma and plasma was separated either immediately (0 hr) or after a 4-hr,

37°C incubation (4 hr).

b Values shown for the pooled fractions express the parameter as a percentage of the total plasma
concentration. The values represent the mean + SEM for three experiments.
¢ Significantly different from paired observations (P < 0.05).

could possibly have an effect on plasma lipoproteins other
than the inhibition of LCAT activity, experiments were
carried out in which LCAT activity was inhibited by a
means other than DTNB. Incubation of plasma at 56°C
for 30 min (heat inactivation) is known to eliminate LCAT
activity (9-11); therefore, plasma was heat-inactivated and
fractionated both immediately (0 hr) and after a 4-hr
incubation. The results were practically identical (data

I
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Fig.4. ApoA-lV distribution after incubation of whole blood. Paired
plasma samples were fractionated by column chromatography (using
10% agarose gel) either immediately after bleeding (0 hr) (@ - — - @)
or after a 4-hr 37°C incubation (O — - - O). Standards of '%°I-labeled
LDL and '®I-labeled albumin were included with each run to mark
the void volume and lipoprotein-free fractions, respectively. Arrows
indicate where the peak fraction for each standard was found. ApoA-
IV concentrations were then determined by electroimmunoassay. The
data shown depict two representative paired samples.
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not shown) to the results obtained when the same ex-
perimental protocol was used for DTNB-treated samples
(Fig. 3, Table 2). Thus, the net movement of apoA-1V
from the lipoprotein to lipoprotein-free fractions was
demonstrated in both DTNB-treated samples and heat-
inactivated samples. As with DTNB-treated samples, no
changes in apoE or apoA-I distribution occurred.

The role of the LCAT reaction was assessed by adding
a purified LCAT preparation to heat-inactivated plasma
and determining the distribution of apoA-IV. The data
in Fig. 5 and Table 3 show that when the heat-inactivated
plasma alone was incubated, only 15% of apoA-IV was
in the lipoprotein fractions. When purified LCAT was
added to the heat-inactivated plasma, however, more than
90% of apoA-IV was found in the lipoprotein form. As
in all other experiments reported here, no changes in
apoE and apoA-I distributions were observed. The in-
crease in the percentage of plasma cholesterol present as
cholesteryl ester (57% to 67%) that resulted from the
LCAT addition was of a similar magnitude to the dif-
ference seen between plasma incubated with (58%) vs.
without (74%) DTNB (Fig. 1). Thus, the data provide
direct evidence that LCAT activity can influence the net
movement of apoA-IV from the lipoprotein-free fraction
to the lipoprotein fraction.

DISCUSSION

The presence of apolipoproteins in the lipoprotein-
free fraction of plasma and other biological fluids has
long been suggested (2, 17, 18). Subsequent experiments
showed that in the human (19, 20), rat (5, 6), and dog,?

2 Roheim, P. S., et al. Unpublished observation.
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Fig. 5. ApoA-IV distribution in heat-inactivated plasma incubated
either in the presence or absence of a purified LCAT preparation.
Plasma was heat-inactivated by incubation at 56°C for 30 min
and samples were incubated for 4 hr at 37°C either in the presence
(® — - - @) or absence (O - - ~ O) of a purified LCAT preparation.
Samples were then simultaneously fractionated by column chroma-
tography using 10% agarose gel. Standard '#*I-labeled LDL and '*I-
labeled albumin were included with each run to mark the void volume
and lipoprotein-free fractions, respectively. Arrows indicate where the
peak fraction for each standard was found. ApoA-IV concentrations
were then determined by electroimmunoassay. The data shown depict
two representative paired samples.

apoA-1V is unequivocally present in the lipoprotein-free
fraction; however, the amount of apoA-IV present in the
lipoprotein fraction of these animals is variable depending
on the species as well as the diet (6) and age (5). These
observations prompted us to study whether the distri-
bution of apolipoproteins (between the lipoprotein- and
lipoprotein-free fraction) can be influenced in vitro.

To eliminate ultracentrifugal artifacts, we used 10%
agarose column chromatography for the separation of
the lipoprotein fractions from lipoprotein-free fractions
(5, 6, 21). Apolipoprotein concentrations were assessed
by both immunochemistry and SDS-PAGE. The in vitro
experiments were designed so that all observations were
paired with their respective controls. In that way, the
results of two different experimental conditions on a
plasma sample could be directly compared. In this study,
plasma was used instead of serum to avoid the introduction
of factors that may be released during the clotting process.
However, the same experiments were also done using
serum (data not shown), and the results were essentially
the same as those obtained with plasma.

These experiments suggest that a bidirectional reaction
that influences the apoA-IV distribution takes place in
plasma. One direction is inhibited by DTNB as well as
by heat inactivation and results in the net movement of
apoA-1V from the lipoprotein-free fraction to the lipo-
protein fraction; that direction appears to be related to
LCAT-activity. The other direction is not inhibited by
DTNB or heat inactivation and results in the net move-
ment of apoA-IV from the lipoprotein fraction to the
lipoprotein-free fraction. Experiments in which the plasma
was fractionated immediately (Figs. 3 and 4, Table 2)
indicate that in the circulating rat plasma, apoA-IV is
equally distributed between the lipoprotein and lipopro-

TABLE 3. Effect of a 4-hr, 37°C incubation of heat-inactivated plasma to which a purified LCAT
preparation was added on the distribution of apoA-IV, apoE, and apoA-I*

Region
A B C
VLDL Large Small D
and LDL HDL HDL Lipoprotein-Free
% of total plasma®
) —LCAT 0 10 8 5+3 85+ 11
ApoA-IV +LCAT 24 + 5¢ 45 + 4¢ 94 + 4¢ 8+ 1°
—LCAT 24 + 7 70 + 8 62 0
A
pok +LCAT 28 + 5 64 £ 5 81 0
Apoddd —LCAT 2+ 1 37 +8 61+9 0.2+02
+LCAT 1+1 46 + 2 53+ 2 0.2+0.2
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“ Plasma was heat-inactivated by incubation at 56°C for 30 min. A purified human LCAT preparation
was then added to half the pool and dialysis buffer to the other half. The purity of the LCAT preparation
was tested by SDS-PAGE and it showed only one major band.

® Values shown for the pooled fractions express the parameter as a percentage of the total plasma
concentration. The values represent the mean + SEM for three experiments.

¢ Significantly different from paired observations (P < 0.05).
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tein-free fractions. Thus, in vivo, the reactions are bal-
anced so that the movement of apoA-IV onto the lipo-
proteins is about equal to the movement of apoA-IV from
the lipoproteins to the lipoprotein-free fraction. The ob-
servation that apoA-IV moved from the lipoprotein-free
fraction to the lipoprotein fraction when LCAT was added
to a heat-inactivated sample directly demonstrated that
LCAT can influence the apoA-IV distribution between
the lipoprotein and lipoprotein-free fraction. It should
be noted that “purified”” human LCAT preparation was
used to demonstrate the relationship of apoA-IV move-
ment to LCAT activity; however, the presence and pos-
sible role of minor contaminants cannot be ruled out.

In vitro incubation at 37°C also influences the distri-
bution of apoA-IV within lipoprotein fractions. At 0 hr,
i.e., in vivo, practically all the lipoprotein A-1V was present
in the HDL fraction (Table 2); but after incubation with-
out DTNB, a substantial amount was found on the larger
particles (Table 1, region A). A similar increase of apoA-
IV was observed on the larger particles when heat-in-
activated plasma was incubated in the presence of purified
LCAT (Table 3). Thus, it appears that movement of
apoA-1V from the lipoprotein-free fraction to the lipo-
protein fraction is not limited to HDL only. The same
incubations did not influence the distribution of apoA-I
and apoE; by agarose chromatography, >98% of these
apoproteins were present in the lipoprotein form under
all conditions studied. These data suggest that this phe-
nomenon is specific for apoA-IV and, most likely, does
not apply to apoA-I and apoE.

The basic substrates for the LCAT reaction, free cho-
lesterol and lecithin, are known to reside on the lipo-
protein surface (22). LCAT cleaves the two-position fatty
acid chain of lecithin and transfers it to free cholesterol,
thereby forming the two products, lysolecithin and cho-
lesteryl ester (11). Lysolecithin does not remain with HDL,
but binds to albumin (23) whereas cholesteryl ester moves
into the lipoprotein core. Thus, the LCAT reaction results
in the net loss of two lipoprotein surface materials, free
cholesterol and lecithin, creating a need for surface ma-
terial. Adding to this need for surface material is the fact
that, as the lipoprotein core expands, the surface, in turn,
expands to reflect the increase in core volume. We spec-
ulate that apoA-IV moves (with or without phospholipid)
to the lipoprotein fraction to fulfill this need for surface
material that is created as a result of the LCAT reaction.
Therefore, we postulate that the presence of apoA-IV in
the lipoprotein or lipoprotein-free fractions is likely to
be influenced by the physical-chemical state of the lipo-
protein particle.

At the present time, we can only speculate as to the
mechanism for the movement of apoA-IV from the k-
poprotein fraction to the lipoprotein-free fraction. It is
possible that, in vivo, when the transfer of apoA-IV to
the lipoprotein fraction occurs, apoA-IV may transfer

1584 Journal of Lipid Research Volume 24, 1983

phospholipid to the lipoprotein surface. The phospholipid
that is transferred could be derived from other lipopro-
teins or cell surfaces. If by the transfer of this surface
material the stability of the lipoprotein particle is rees-
tablished, then a physical-chemical state may be created
whereby the binding of apoA-IV to the lipoproteins is
not favored and apoA-IV moves to the lipoprotein-free
fraction. Alternately, the stability of the lipoprotein par-
ticle may be reestablished after phospholipid is transferred
to the lipoprotein as a result of phospholipid transfer
proteins present in the d > 1.21 g/ml fraction of plasma
(lipoprotein-free fraction) (24). Another possibility is that
the transfer of surface material to HDL in the form of
phospholipid-rich surface remnants derived from the me-
tabolism of triglyceride-rich lipoproteins (25, 26) may act
to alter the HDL particle.

Whatever the exact mechanism, we postulate that
apoA-1V transfers from the lipoprotein fraction to the
lipoprotein-free fraction after the physical-chemical state
that previously favored the binding of apoA-1V to the
lipoproteins is altered, and a new physical-chemical state
that does not favor the binding of apoA-IV to the lipo-
proteins is established. Thus, the distribution of apoA-
IV between the lipoprotein fraction and the lipoprotein-
free fraction may be the result of an equilibrium between
those fractions that is determined by the physical-chemical
state of the lipoproteins. We speculate that the physical-
chemical state of the lipoproteins that determines apoA-
IV binding may be greatly influenced by the phospholipid
content of these lipoproteins. The question is whether
this phenomenon is related to any of the known physi-
ological reactions. This phenomenon is possibly related,
in addition to LCAT activity, to other known physiological
mechanisms such as phospholipid exchange (27, 28) or
transfer (24, 28, 29).

The possible physiological role of this phenomenon is
suggested from studies showing that, in old rats, the apoA-
IV concentration in the lipoprotein-free fraction is much
greater than in young adult animals (5). This observation
is consistent with the suggestion that LCAT activity is
decreased during aging (30, 31). Moreover, after feeding
rats cholesterol, the apoA-IV concentration in the lipo-
protein-free fraction is increased (6), which is consistent
with the observation that LCAT activity is decreased in
the cholesterol-fed rat plasma (32). These data suggest
that, in vivo, cholesterol esterification or the LCAT re-
action could play a role in influencing the balance between
the amount of apoA-IV in lipoprotein or lipoprotein-free
fractions.

In conclusion, these experiments show that in vivo in
the normal control rat, about the same amount of apoA-
IV is present in the lipoprotein fraction as in the lipo-
protein-free fraction. The data also show that apoA-IV
can transfer from the lipoprotein-free fraction to the li-
poprotein fraction or vice versa in vitro, depending on
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the incubation conditions. It is postulated that the relative
concentration of apoA-IV in these fractions may be de-
termined by the ability of apoA-IV to bind to the lipo-
proteins and that this ability is a function of the physical-
chemical state of the lipoproteins. Thus, an equilibrium
between apoA-IV in the lipoprotein fraction and the li-
poprotein-free fraction may exist and this equilibrium
may be determined by the physical-chemical state of the
lipoproteins. Bl
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