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Abstract Antibodies raised against rat plasma apoVLDL
and a purified fraction of arginine-rich peptides (ARP) were
labeled with Na'®*I and were shown to bind to polyribo-
somes isolated from rat liver. Antibody fractions enriched by
selective affinity chromatography exhibited increased levels
of binding to polysomes. Anti-apoVLDL immunoreactivity
was further resolved into anti-ARP and anti-apoB com-
ponents, each reactive with a distinct polysome population.
Binding was specific for rat polysomes, and was directed to-
ward nascent polypeptide chains. About 2% of normal rat
liver polysomes were recovered by indirect immunoprecipi-
tation with anti-apoVLDL. Ribonucleic acid (RNA) extracted
from this immunoprecipitate contained species with poly-
adenylate (poly[A]) sequences characteristic of eukaryotic
messenger RNA (mRNA). These species, purified by affinity
chromatography on poly(U)-Sepharose, stimulated the
in vitro synthesis of immunoprecipitable apoVLDL-like pro-
teins by about 17-fold when compared to unfractionated rat
liver mRNA. Most of the in vitro translation products pre-
cipitated by purified anti-ARP migrated identically on poly-
acrylamide gel electrophoresis with unlabeled purified ARP.
Some implications of these findings with respect to plasma
VLDL biosynthesis are discussed.— Hay, R., and G. S. Getz.
Translation in vivo and in vitro of proteins resembling apo-
proteins of rat plasma very low density lipoprotein. J. Lipid
Res. 1979. 20: 334-348.
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The plasma lipoproteins represent the major car-
riers of cholesterol and lipid to which the arterial wall
and peripheral tissues are exposed, and as such have
been implicated in both the pathogenesis and the pre-
vention of cardiovascular disease and as important ele-
ments in the pathobiology of various genetic and
metabolic disorders in man (1-4).

Numerous reports have appeared concerning
plasma lipoprotein production in both normal and
altered physiologic states. It is generally thought that
both the intestine and the liver are the major organs
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engaged in plasma lipoprotein synthesis. The intestinal
biosynthesis of apolipoproteins has been demonstrated
by the radiolabeling of several of these peptides in
isolated and in situ perfused intestine (5, 6), by the
immunofluorescence method for the detection of apo-
lipoproteins A-I and B inside the mucosal cells of the
rat intestine (7, 8), and by the identification of radio-
labeled A-I in the mesenteric lymph after the intra-
duodenal administration of radioactive precursor (9).
The evidence for the hepatic role in lipoprotein bio-
synthesis is far more extensive; it is based upon the
consequences of hepatectomy (10), the labeling of
lipoproteins secreted by perfused rat liver (5, 11-14)
and rat liver slices (15), the electron microscopic visu-
alization within the hepatic smooth endoplasmic re-
ticulum and Golgi apparatus of particles having the
characteristics of very low density lipoproteins (16—
19), and the isolation from the hepatic Golgi apparatus
of particles that have the size and apoprotein con-
stituents of plasma VLDL (19-21). Antisera against
LDL and HDL were used to identify these antigens
among the products of cell-free protein synrhesis by
hepatic microsomes and ribosomes (22, 23) and among
the secretory products of perfused livers (14). Quan-
titative considerations and morphological observations
indicate that the biosynthetic activity is attributable to
the hepatocytes rather than other cells of the liver.

Abbreviations: apoB, apolipoprotein B; ARP, arginine-rich pep-
tides or apolipoprotein E; 4,, optical absorbance at x nm; BSA,
bovine serum albumin; CFA, complete Freund’s adjuvant; DOC,
sodium deoxycholate; HDL, high density lipoprotein; HDL,, HDL
of mean density 1.054 g/ml; HDL;, HDL of 1.12 <d < 1.21 g/ml;
HEA, hen egg albumin (ovalbumin); HEPES, N-2-hydroxyethyl-
piperazine-N '-ethanesulfonic acid; IFA, incomplete’ Freund’s
adjuvant; LDL, low density lipoprotein; poly(A), polyriboadenylic
acid; poly(U), polyuridylic acid; RSA, rat serum albumin; SDS,
sodium dodecyl sulfate; TCA, trichloroacetic acid; VLDL, very low
density lipoprotein.

! Address correspondence to Dr. Godfrey S. Getz, The University
of Chicago, Department of Pathology, 950 East 59th Street, Chicago,
IL 60637.
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This has been confirmed by the recent demonstration
of VLDL secretion by isolated hepatocytes (24).

VLDL is thought to be a primary hepatic secretory
particle as well as a precursor of other plasma lipo-
protein classes (25, 26). The biosynthesis of its five or
more distinct apoproteins and their assembly into a
lipidated complex must be finely controlled by mecha-
nisms yet to be determined. A few recent studies (27—
29) have closely examined the production of individual
VLDL apolipoproteins.

Of particular interest are the two major apoproteins
of VLDL, arginine-rich peptides (ARP) and apolipo-
protein B (apoB). These classes have been implicated
as contributors to hyperlipidemic states (30) and
atherosclerosis (1) in man. Neither is found exclu-
sively in VLDL. ApoB is the major component of LDL
in all species (32). Of the apolipoprotein classes, apoB
is the least soluble in aqueous solution. ARP, while
found at high levels in the lipoproteins of man only
in some altered metabolic states (30, 33), is a major
constitutive component of VLDL and HDL and of
lipoprotein-free plasma in the rat (34).? In addition,
we and others have recently identified in normal rat
plasma an HDL, particle with flotational properties
overlapping those of classically isolated LDL but in
which about 60% of the protein mass is ARP (35-37).3
Similar ARP-rich particles have been found in plasma
of hypercholesterolemic animals (38, 39). ARP also
comprises about 60% of the total apoprotein mass of
nascent HDL, a second primary hepatic secretory
particle (40, 41). The factors that channel ARP to
VLDL or nascent HDL are entirely unknown. The
ARP class of proteins in the rat has a mean molecular
size, as judged by its electrophoretic mobility in
sodium dodecyl sulfate (SDS) on polyacrylamide gels,
of 31,000-35,000 daltons (34).%

Both apoB and ARP classes exhibit some degree of
microheterogeneity,*® the underlying basis of which is
yet undetermined."ApoB heterogeneity is detectable
by electrophoresis on low percentage polyacrylamide
electrophoresis.* ARP heterogeneity is best seen upon
isoelectric focussing (40, 42), the pattern of which ap-
pears to be at least partially genetically determined (43).

In approaching the study of the regulation of apo-
lipoprotein biosynthesis at the molecular level, careful
examination of the appropriate messenger RNA
(mRNA) and the primary products of its translation is

2 L. F. Walker and G. S. Getz. Unpublished observations.

3 L. Lusk, L. F. Walker, L. H. DuBien, and G. S. Getz. Submitted
for publication.

‘L. F. Walker, J. Ong, L. A. Pottenger, L. H. DuBien, K. V.
Krishnaiah, and G. S. Getz. Manuscript in preparation.

®R.V.Hay, J. Ong, L. F. Walker, K. V. Krishnaiah, and G. S. Getz.
Unpublished observations.

mandatory. Several procedures have been employed
to isolate particularly abundant species of eukaryotic
mRNA or those having an unusual size or peculiar
nucleotide composition (44, 45). The immunological
techniques developed by Shapiro et al. (46) and Shapiro
and Schimke (47), however, presage a more general
applicability for recovering less prominent species of
mRNA. In this approach, antibodies reactive to a
selected mature protein bind to the homologous
nascent protein emerging from polyribosomes. These
soluble antibody-polysome complexes are then ag-
gregated with anti-antibody. Such large aggregates
may be separated from the bulk of polysomes by cen-
trifugation. Of the RNA extracted from immunopre-
cipitated polysomes, 1-3% (45) represents mRNA
coding for the biosynthesis of the chosen protein. By
virtue of the 20-200 adenylate residues comprising
a 3’-terminal poly(A)-tract common to most eukaryotic
mRNA species but absent in other classes of RNA
(48), mRNA can be purified from polysomal RNA
through reversible hybridization to an insoluble matrix
such as polyuridylate—Sepharose (poly[U]-Sepharose).

In this report we describe the immunological identi-
fication of rat liver polysomes synthesizing presumed
precursors of plasma VLDL apolipoproteins. We
further show that the mRNA isolated from these poly-
somes is enriched for species directing the in vitro
biosynthesis of protein immunologically and electro-
phoretically resembling ARP.

MATERIALS AND METHODS

Animals and materials

Male rats, 125-175 g, of the Sprague—Dawley strain
were obtained from ARS-Sprague-Dawley (Madison,
WI), or from Locke-Erickson (Melrose Park, IL) and
were maintained with ad libitum Rockland-Purina
Rat and Mouse Chow and water in a continuously
lighted room. Swift or New Zealand white rabbits were
used for antibody preparation. Rabbit anti-hen egg
albumin (anti-HEA), rabbit anti-rat serum albumin
(anti-RSA) (7S fractions from serum, lyophilized), and
hen egg albumin (HEA) were purchased from ICN
Pharmaceuticals, Inc. (Cleveland, OH). Goat anti-
rabbit immunoglobulin (anti-antibody) was a generous
gift of Dr. Frank Fitch. Na'**I (carrier-free, 300-500
mCi/ml) was obtained from Industrial Nuclear Cor-
poration (St. Louis, MO). Sucrose (free of RNase and
ultraviolet chromogens) was obtained from Sigma
Chemical Company (St. Louis, MO), or Schwarz/Mann
(Orangeburg, NY). Sodium deoxycholate (DOC),
Triton X-100, sodium heparin (Grade I, 160-170 U/
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mg), rat serum albumin (RSA), reduced glutathione,
polyriboadenylic acid (poly[A]), HEPES, dithiothreitol,
ATP, GTP, creatine phosphate, creatine phospho-
kinase, and unlabeled L-amino acids were purchased
from Sigma Chemical Company. Pancreatic RNase
was obtained from Worthington Biochemicals (Free-
hold, NJ). a-Amylase was obtained from Sigma or
Worthington. Reagent grade urea was recrystallized
from 95% ethanol or Ultra Pure urea was purchased
from Schwarz/Mann. Urea to be used for isolation
and characterization of apolipoproteins was dissolved
in water to a concentration of 6 M and immediately
passed over an AG 501-X8D ion exchange column
(Bio-Rad, Richmond, CA) to remove impurities. For
desorption of antibody from affinity chromatography
columns, Ultra Pure urea was used as supplied. Sodium
dodecyl sulfate (SDS) was purchased from Pierce
Chemicals (Rockford, IL), or from Schwarz/Mann.
Sepharose 4B and 6B, CNBr-activated Sepharose 4B,
poly(U)-Sepharose 4B, and a jacketed 3 X 90-cm
column were purchased from Pharmacia Fine Chemi-
cals (Piscataway, NJ). Acrylamide and bisacrylamide
were purchased from Eastman Kodak Company
(Rochester, NY).

1-{4,5-*H]Leucine and [**Plorthophosphate were
purchased from Amersham/Searle Corporation
(Arlington Heights, IL), as were NCS tissue solubilizer
and PCS (phase-combining scintillant) solubilizer.
Spermine (free base) was obtained from ICN Pharma-
ceuticals. Proteinase K was purchased in lyophilized
form from EM Laboratories, Inc. (Elmsford, NY).
Formamide (polarographic grade) was obtained from
Eastman Kodak and was stored in tightly capped bot-
tles at —20°C until just prior to use. Fresh commercial
wheat germ, a gift of Dixie Portland Flour Mills
(Chicago, IL), was stored dry and under vacuum at
4°C prior to extraction. Other chemicals were of the
best grade commercially available. Solutions used in
preparing or analyzing polysomes and RNA were
autoclaved before use to minimize adventitious RNase
activity. Sterile and disposable plasticware was used
where possible. All other materials coming into con-
tact with sterile solutions were autoclaved or boiled
before use.

Polysome preparation and analysis

Total liver polysomes were prepared from post-
mitochondrial supernatant fraction by a procedure
similar to that of Taylor and Schimke (49), differing
chiefly in our use of a-amylase, as recommended by
Gamulin, Gray, and Norman (50), to hydrolyze glyco-
gen prior to treatment of the supernatant fraction
with detergents. For some experiments, rats were in-
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jected intraperitoneally with 2—5 mCi of [**PJortho-
phosphate 6-12 hr prior to killing in order to label
polysomal RNA.

To display polysomal profiles, 1 -2 4,4, of polysomes
in a total volume of 50-100 ul were layered over
3.9-4.2 ml of a continuous linear gradient of 0.5-
1.5 M sucrose in polysome buffer (50 mM Tris—HCI,
25 mM NaCl, 5 mM MgCl,, pH 7.2, containing 100-
200 U/ml of heparin) and sedimented for 40-50 min
at 56,000 rpm in the SW56Ti rotor. These gradients
were collected using an ISCO gradient fractionator
and monitored throughout the fractionation on an
ISCO ultraviolet analyzer at 254 nm by means of a
flow cell with a 2-mm light path.

Some polysomes were treated with pancreatic RNase
(550 ug/mly or with EDTA (pH 7.0, 50 mM) and held
at 25-37°C for 30 min before they were layered over
continuous sucrose gradients, as indicated in the figure
legends, to display ribosomal monomers or subunits,
respectively. Treatment with 500 mM KCl and puro-
mycin to release nascent chains from ribosomal par-
ticles essentially followed the description of Blobel and
Sabatini (51).

Preparation of lipoproteins and apoproteins

VLDL and LDL were obtained as previously de-
scribed (52). LDL was isolated by flotation within the
density range 1.020-1.050 g/ml. HDL and HDL; were
isolated within the density ranges 1.063-1.21 and
1.12—-1.21 g/ml, respectively. HDL,, having an average
buoyant density of 1.054 g/ml, was separated from
LDL by rate-zonal flotation (53) of lipoproteins pre-
viously isolated within the density range 1.006-1.063
or 1.019-1.063 g/ml.?

For the isolation of ARP from VLDL, a procedure
modified from that of Scanu et al. (54) by Dr. L. A.
Pottenger was employed. Five milliliters of lipoprotein
solution, adjusted by the addition of solid crystals to
a final KBr concentration of 20% (w/v), was injected
forcibly through a syringe into 20 ml of continuously
agitated ethanol. Twenty milliliters of diethyl ether
was added to this mixture during agitation, and the
resultant mixture was shaken vigorously. After 5 min
of centrifugation at 2000 rpm in an International
centrifuge model UV, the protein formed a precipitate
on the bottom of the tube and the supernatant solution
was decanted and discarded. The precipitate was re-
suspended in 5 ml of ethanol. A glass rod was used
to break up persistent clumps, and 35 ml of ethanol-
ether 5:2 (v/v) was added. The mixture was again
shaken vigorously. Centrifugation was repeated, and
the supernatant portion was again discarded. The pro-
tein precipitate was rewashed with ethanol-ether 1:6
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(v/v). After a third centrifugation and decantation,
the precipitate was treated by three cycles of suspen-
sion, centrifugation, and decantation using 40 ml of
ether for each cycle. Finally, 3 ml of ether was left to
resuspend and disperse protein in the tube. The ether
was removed by drying the mixture in a vacuum desic-
cator for 2 hr.

Protein was solubilized directly from the tube with
5 M urea buffered to pH 11.5 with 10 mM sodium
borate. This solubilized apoVLDL was further frac-
tionated into component apoproteins by one or two
cycles of gel filtration on a 500-ml Sepharose 6B
column in a buffer of 6 M urea, 50 mM Tris—HCI,
0.5 M NaCl, and 0.02% NaN,, pH 8.6, at an elution
rate of 10 ml/hour. The jacketed column was held at
5-7°C and was placed in series with a countercurrent
flow dialyzer using 50 mM ammonium carbonate as
dialysate.

ApoLDL protein was prepared from rat plasma
LDL by delipidation according to Fless and Scanu (55).

Protein estimates

Protein concentrations were determined by the
method of Lowry et al. (56) using bovine serum al-
bumin (BSA) as a standard. To remove interfering
lipid from hololipoprotein fractions, the samples were
extracted with diethyl ether just prior to colorimetry.

Preparation of antibodies

Anti-ARP was prepared as follows: 200 ug of ARP,
purified from VLDL and suspended in 0.15 ml of
saline, was emulsified with an equal volume of com-
plete Freund’s adjuvant (CFA) and the emulsion was
injected subcutaneously into a rabbit’s hind foot pad.
Atsubsequentintervals of 3—4 weeks, boosters of 200-
400 ug of ARP in water were injected into the same site.

The anti-apoVLDL used in this study was prepared
as follows: VLDL equivalent to 150 ug of protein in
0.4-1.0 ml of saline was emulsified with an equal vol-
ume of CFA and injected into a rabbit in equal ali-
quots in four sites—a hind foot pad (subcutaneously),
both intradermally and subcutaneously on the ventral
surface, and intraperitoneally. Subsequent boosters of
an equal quantity of VLDL were emulsified with in-
complete Freund’s adjuvant (IFA) and injected at 4- to
6-week intervals in multiple (10 or more) intradermal
sites dorsally or ventrally. Following the development
of a strong anti-VLDL response as judged by Ouchter-
lony double immunodiffusion of this serum, the rabbit
received three subcutaneous boosters of 3:1 ARP:
VLDL (w/w protein, total protein 60-200 ug) sus-
pended in Maalox, followed by several boosters of
350 ug of apolLDL suspended in water or in an equal

volume of Maalox and injected subcutaneously into a
hind foot pad.

Seven to fourteen days after an injection, rabbits
were bled from a peripheral ear vein with a rabbit
bleeding apparatus (Bellco Glass, Inc., Vineland, NJ).
Serum was isolated from the blood and fractionated
immediately or frozen at —20°C until future use.
A crude antibody fraction was prepared by ammonium
sulfate precipitation of whole serum essentially as de-
scribed by Palmiter, Oka, and Schimke (57).

Antisera or antibody fractions were reacted with
antigens at 0-4°C on Ouchterlony double immuno-
diffusion plates as previously described (52).

Preparation of affinity chromatography columns

HEA, RSA, LDL, and HDL; were suspended in or
dialyzed against 0.1 M Na,CO;, pH 9.0, to a final pro-
tein concentration of 5-20 mg/ml. CNBr-activated
Sepharose 4B, washed with 1 mM HCI as recom-
mended by the manufacturer, was then added to each
of these protein solutions in the ratio of about 1 ml of
packed beads per 15-20 mg of protein. ARP, however,
was suspended to a final concentration of 1-2 mg/ml
in the above coupling buffer containing 1-2 M urea
and then added to 1-1.5 volumes of packed, activated
Sepharose. The mixtures were rotated end-over-end
in capped tubes at room temperature for 1-4 hr and
then at 0-4°C for at least 12 hr. The beads were
reacted with ethanolamine and further washed and
poured into small columns essentially as described by
Shapiro et al. (46). In most cases the recommended
alternate acidic and basic 1 M NaCl washes were fol-
lowed by additional 50-ml washes of phosphate buffer
(10 mM sodium phosphate, 15 mM NaCl, pH 7.2-7.6),
of 6-8 M urea in phosphate buffer, and again of phos-
phate buffer before adsorption of antibody to the
column. Under these conditions, 70-90% of the ini-
tially reacted protein was coupled to the Sepharose.

Affinity enrichment of antibodies

After a final washing of the columns with phosphate
buffer, antibody-containing fractions were equilibrated
with the columns at room temperature for at least 1 hr
or at 0—4°C for at least 2 hr. Columns were washed
thoroughly first with phosphate buffer and then with
1 M NaCl to remove the bulk of nonspecifically ad-
sorbed protein. The remaining protein was further
desorbed with one of several solutions, most frequently
with 6-8 M urea in phosphate buffer. Eluted frac-
tions were pooled, dialyzed extensively against water,
and lyophilized.

Antibody fractions were freed of RNase activity by
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tandem CM- and DEAE-cellulose chromatography as
described by Palacios, Palmiter, and Schimke (58).

Radioiodination of antibodies and hololipoproteins

Antibody preparations were labeled under sterile
conditions to a high specific activity (10°-10® cpm/ug)
with carrier-free Na'*1 by modifications of the method
of Hunter and Greenwood (59). To 50-200 ug of
RNase-free antibodies in 50 ul of 0.2 M sodium phos-
phate, pH 7.2, was added 0.5-2.0 mCi of Na'**I (5-8
ul) and 20 ul of freshly prepared Chloramine-T solu-
tion (33 ug/ml in the same buffer). After this mixture
was agitated on a vortex mixer for 3 min at room
temperature, 5 ul of a solution of sodium metabisulfite
(200 pg/ml) was added and the mixture was again
agitated briefly. To this reaction mixture was added
0.1 mlof 0.01 M phosphate buffer, pH 7.2, containing
0.2% (w/v) BSA and 0.02% (w/v) NaNj, and the re-
sultant solution was agitated. To remove unbound
iodine, this entire mixture was applied to a 10-12-ml
Sephadex G-75 column previously equilibrated and
subsequently washed with the BSA-containing buffer.
Fractions of about 0.3 ml were collected, counted for
1251 activity, and the peak void volume fractions were
pooled and frozen for up to 6 months before use.

HDL; was subjected to radioiodination and one or
two cycles of Sephadex G-75 chromatography exactly
as just described. LDL and HDL, were labeled as pre-
viously described for LDL (60), but were separated
from free iodine by chromatography on Sephadex
G-75 in borate-~BSA buffer (0.13 M sodium borate,
0.07 M NaCl, 0.05% EDTA, 0.02% NaNj, 0.05% BSA,
pH 8.0). All radioiodinated lipoproteins were stored
at 4°C.

Radioimmuneoassays for hololipoproteins

Each radioimmunoassay was performed at 25°C in
immunoprecipitation buffer (10 mM sodium phos-
phate, 150 mM NaCl, 0.2% [w/v] BSA, and 0.02%
NaN;,, pH 7.2) in a total volume of 100-150 nl. Each
assay ultimately contained the following in a 1.5-ml
capped plastic hemiconical tube: a fixed level of '*I-
labeled lipoprotein within the range 2,000-20,000
cpm, representing <2 ng of apolipoprotein; different
amounts of unlabeled lipoprotein as indicated in the
figures; anti-apolipoprotein antibody at a final concen-
tration of 0.2 Ay4¢/ml; and anti-antibody at 5.6 Agg/
ml. Labeled and unlabeled antigen and the appropriate
volume of buffer were mixed thoroughly. After addi-
tion of anti-apolipoprotein antibody and incubation of
the resulting mixture for 1 hr, anti-antibody was intro-
duced and the reaction was continued for 2 hr. Im-
munoprecipitation buffer (0.9 ml) was mixed with the
contents of each reaction vessel, and immunoprecipi-
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tates were pelleted by sedimentation in a Brinkmann
Eppendort Model 3200/30 microcentrifuge at 15,000
rpm (12,000 gpqe) for 2 min. Supernatant fractions
were carefully aspirated away from the pellets. The
conical portion of each tube, containing the immuno-
precipitate, was excised with a sharp razor blade and
directly counted for 251 activity.

Reaction of radioactive antibodies with polysomes

Radioactive antibodies were mixed with polysomes
in a total volume of 0.3-1.0 ml and allowed to stand
at 0-4°C for 45-60 min. Aliquots were then layered
over continuous linear sucrose gradients and sedi-
mented as described above. Gradients were fraction-
ated and counted for '#*I activity.

Isolation of polysomes by indirect (double antibody)
immunoprecipitation

Polysomes freshly isolated from normal rat liver
were diluted in polysome buffer to a concentration of
10-16 Az6/ml and adjusted to contain 150-175 mM
NaCl. To remove aggregates that might interfere with
the immunoprecipitation of a small proportion of
polysomes, the diluted polysomes were subjected to
three centrifugations of 10 min each in the Sorvall
S$S34 rotor at 11,000 rpm at 0°C, with removal of the
pellet after each spin. Affinity-enriched anti-apoVLDL,
eluted from LDL-Sepharose with urea after washing
the column with 1 M NaCl in phosphate buffer, was
then added to a final concentration of 0.2 4,5/ml poly-
somes and the mixture was rotated in a capped tube at
4°C for 1 hr. Anti-antibody was then added (25 A4/
1 A 249 of antibody) and the incubations were continued
for an additional 2 hr at 4°C. Sedimentation of the
immunoprecipitates twice through discontinuous
sucrose gradients containing 0.15 M NaCl and 1% of
both Triton X-100 and DOC to remove nonspecifically
adsorbed polysomes was done essentially as described
by Shapiro et al. (46).

Isolation of mRNA

The postmitochondrial supernatant fraction of rat
liver was adjusted to contain 25 mM Tris—HCI (pH 7.4),
5mM EDTA, and 1% each of Triton X-100 and DOC
and then extracted in the presence of 0.2% SDS with
an equal volume of a 1:1 mixture of buffer-saturated
phenol (saturated with 50 mM Tris—HCl, 25 mM
NaCl, 5 mM MgCl,, pH 7.1) and chloroform as recom-
mended by Shapiro and Taylor.® After thorough mix-

¢ Messenger RNA Workshop conducted by Drs. John Taylor and
David Shapiro at the Given Institute of Pathobiology, Aspen,
Colorado, August 17-22, 1975.
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ing, the phases were separated by centrifugation and
the aqueous phase was extracted thrice more with the
solvent mixture. Polysome-containing immunopre-
cipitates were incubated for 1 hr at 25°C with 1-2%
SDS, 5 mM EDTA, and 0.5 mg/ml of proteinase K,
as suggested by the studies of Wiegers et al. (61, 62).
RNA was precipitated from the extracts (adjusted to
0.2 M NaCl) with either ethanol or LiCl (61). The re-
sulting precipitates were washed thoroughly and seri-
ally with LiCl, sodium acetate, and ethanol, basically
as described by Shapiro et al. (46).

Purification of poly(A)-containing RNA by chro-
matography on poly(U)-Sepharose was conducted
exactly as recommended by Shapiro and Taylor.®
Briefly, polysomal RNA or postmitochondrial super-
natant fraction RNA was dissolved in denaturation
buffer (20 mM HEPES, 10 mM EDTA, 1% SDS pH 7.4)
and was heat-denatured (10 min at 65°C), cooled in an
ice bath, and diluted with an equal volume of 0.8 M
NaCl to achieve conditions for binding to the column.
The RNA was applied to the column in binding buffer
(10 mM HEPES, 0.4 M NaCl, 5 mM EDTA, and 0.5%
SDS, pH 7.4); the column was thoroughly washed with
buffer consisting of 10 mM HEPES, 2mM EDTA, and
0.5% SDS to remove ribosomal RNA; and poly(A)-
rich RNA species were eluted with 70% formamide
containing 1 mM HEPES and 1 mM EDTA, pH 7.4,
and recovered by ethanol precipitation.

In vitro protein synthesis assays

Wheat germ S-30 supernatant extract was utilized in
translating rat liver poly(A)-rich RNA by a combina-
tion of published procedures (63—65). The initial
preparation of S-30 and its storage in liquid nitrogen
was as described by Roberts and Paterson (64). Trans-
lation assays contained, in a final volume of 40 ul,
0.1 mg of wheat germ S-30 fraction protein, 0-250 ng
of poly(A)-rich RNA, 28 mM HEPES (pH 7.0), 84 mM
KCl, 3 mM magnesium acetate, 8 mM creatine phos-
phate, 8 ug/ml of creatine phosphokinase, ] mM ATP,
20 uM GTP, 2 mM dithiothreitol, 20 uM of each of
19 unlabeled r-amino acids, 4 pCi of [*H]leucine
(2 uM), and 40 uM spermine. Incubation was at 25°C
for 90 min. To assess total protein synthesis, reactions
were terminated by the addition of 0.2 mg of BSA
followed by 2 ml of 10% trichloroacetic acid (TCA)
containing 10 mg/1 of unlabeled leucine. These sam-
ples were heated at 90-95°C for 15 min, chilled, and
filtered through Whatman GF/C filters to trap precipi-
tated material. The filters were further washed six
times with 3 ml of 5% TCA containing 10 mg/1 leucine,
dried in an oven at 100°C for 15 min, suspended in
PCS, and counted for retained radioactivity as de-
scribed below.

Immunoprecipitation of protein synthesized in vitro

Immunoprecipitation of protein synthesized in
messenger-stimulated wheat germ extracts was by a
procedure similar to that described by Taylor and
Schimke (49). Protein synthesis assay incubations were
halted by adjustment to a final concentration of 10 mM
unlabeled 1-leucine and 1% of both Triton X-100 and
DOC. The samples were then centrifuged in 1.5-ml
tubes in a Brinkman Eppendorf Model 3200/30 micro-
centrifuge at 15,000 rpm for 1 min to remove aggre-
gates. To the supernatant portion was added 0.01
Agg of affinity-enriched anti-apoVLDL, anti-ARP,
anti-apoB, or crude antibody obtained by ammonium
sulfate precipitation of sera from non-immunized rab-
bits and the mixtures were allowed to incubate at 25°C
for 1 hr. 0.35 4,4 of anti-antibody was added to each
of these mixtures, and the incubations were continued
for another hour. Reaction mixtures were layered over
a discontinuous gradient of 100 ul of 0.5 M sucrose
layered over 100 ul of 1.0 M sucrose, both containing
10 mM sodium phosphate, pH 7.2-7.5, 150 mM NaCl,
10 mM unlabeled v-leucine, 1% Triton X-100, and
1% DOC, and then centrifuged at 12,000 g, in the
microcentrifuge for 1 min. The supernatant fraction
and cushions were carefully aspirated, and the pelleted
immunoprecipitates were suspended and washed with
1 ml of the same butfer used to make up the sucrose
solutions with small glass stirring rods and vigorous
vortexing. The immunoprecipitates were resedi-
mented (without sucrose cushions) and washed three
times with this same buffer; finally, each immuno-
precipitate was suspended and transferred to a scintil-
lation vial, mixed with 5-6 ml of PCS, and counted
tor radioactivity as described below.

Electrophoretic analysis of radioactive peptides
in immunoprecipitates

Some immunoprecipitated material was resus-
pended, incubated, and subjected to polyacrylamide
disc gel electrophoresis in the presence of SDS essen-
tially as described by Weber and Osborn (66). Gels
were fractionated for monitoring of radioactivity with
a Gilson automatic gel fractionator, using NCS as a gel
solubilizer. After overnight solubilization, 5 ml of
toluene containing 4.9 g/l of PPO (2,5-diphenyloxazole)
and 0.5 g/l of dimethyl-POPOP (1,4-bis[2-(4-methyl-5-
phenyloxazolyl)]-benzene) was added to each vial and
the samples were counted.

Monitoring of radioactivity

125] activity was measured in a Searle Model 1185
gamma counter, a Nuclear-Chicago single tube
counter, or a Packard Auto-Gamma counter. *H and
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2P were measured in a Searle Model 6872 Isocap/300
scintillation counter. The efficiency of counting 3H in
our system averaged 26%.

RESULTS

Apolipoproteins

The apoB component of VLDL and LDL could be
resolved by SDS-electrophoresis in 3.5% polyacryl-
amide gels into two bands corresponding to particle
sizes of approximately 3 x 10° and 2 x 10° daltons.
The other protein components of VLDL, ARP and
C-peptides, were also seen in varying amounts in LDL
depending on the individual LDL preparation (34).

On Sepharose 6B column chromatography of
VLDL, ARP emerged in a broad peak, the center of
which was judged pure, giving a single band on SDS-
or urea-electrophoresis on polyacrylamide gels (66,
67). It had an apparent molecular weight of 31,500
on SDS polyacrylamide gel electrophoresis. The
amino acid composition of this fraction was indis-
tinguishable from that reported in several other lab-
oratories (28, 34, 37, 68, 69) and glutamic acid was
its N-terminal amino acid. The examination of sub-
sequent similar preparations by isoelectric focussing
has revealed a profile of polymorphic forms similar to
that observed for ARP in unfractionated apoVLDL.

Characteristics of radioiodinated fractions

In the case of '®l-antibody, at least 90% of the
1251 recovered in the void volume fractions from
chromatography on Sephadex could be precipitated
with 10% TCA; at least 80% was precipitated by goat
anti-rabbit immunoglobulin at the equivalence point.

TCA precipitated =90% of "**I-LDL, =75% of '**I-
HDL,, and =40% of *I-HDL,. In the absence of
unlabeled carrier hololipoprotein anti-apoVLDL pre-
cipitated 74% of *1-LDL, while 60% of both **I-HDL,
and 'I-HDL, were precipitated by anti-ARP. Less than
5% and 7%, respectively, of the **I in *’I-LDL and
125]_HDL, were lipid extractable.

Enrichment of antibodies
by affinity chromatography

Although several solutions were tested, desorption
of anti-apolipoproteins from affinity columns was best
accomplished with urea. Elution of bound anti-ARP
or anti-apoVLDL from the appropriate ligand—
Sepharose with 8 M urea, following thorough washing
of the column with 1 M NaCl, recovered 2-3% of the
antibody initially applied to the column. Anti-apolipo-
proteins purified in this manner represented about
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90% of the applied immunoreactivity as assessed by
radioimmunoassay. Such fractions consistently bound
to polysomes.

Anti-ARP eluted by this method from ARP-
Sepharose and anti-apoVLDL likewise recovered from
LDL-Sepharose were tested for their capacities to
bind HDL, and LDL, respectively, in radioimmuno-
assays. Affinity-enriched anti-ARP was about 30-fold
more effective in precipitating HDL, than an equiva-
lent amount of antibody obtained by ammonium sul-
fate precipitation of antiserum reactive to ARP. The
binding activity of anti-apoVLDL was similarly en-
hanced relative to the crude antibody fraction when
tested against LDL (Fig. 1{a], [5]).

Enriched anti-ARP was strongly reactive in radio-
immunoassay with HDL,, a particle which contains all
the apoproteins of HDL and VLDL excepting apoB.
This anti-ARP was only about 1% as reactive toward
LDL as was enriched anti-apoVLDL.

Characteristics of antibodies

The anti-ARP serum used in this study revealed
prominent arcs of identity against VLDL, ARP, HDL
and its subclasses, and normal unfractionated rat
serum on Ouchterlony double immunodiffusion, but
did not react against a mixture of C-peptides. The
degree of reaction with LDL was related to the con-
tent of ARP as observed by SDS-electrophoresis. Multi-
ple arcs were frequently seen when this anti-ARP
serum, or anti-ARP serum from yet other animals,
was reacted against ARP-containing lipoprotein frac-
tions or whole rat serum. The relative intensities of
these arcs varied with the lipoprotein fraction tested.
Each arc formed against rat serum or other hololipo-
protein fractions, however, shared complete identity
with an arc seen against ARP purified from VLDL. In
contrast to this crude antiserum, the affinity-enriched
anti-ARP antibody used in this study exhibited a single
arc of identity when diffused against serum, purified
ARP, and the hololipoproteins VLDL and HDL,
(Fig. 2). This latter preparation was the anti-ARP
employed to characterize both rat liver polysomes and
the wheat germ translation products.

The anti-apoVLDL serum and affinity-enriched
anti-apoVLDL antibody used here gave one prominent
diffusion arc of identity against VLDL, LDL, and un-
fractionated rat serum, and showed separate arcs of
lesser but variable intensity on diffusion against
C-peptides, purified ARP, and lipoprotein fractions
containing these proteins. From the proportion of
purified anti-apoVLDL antibody that bound to HDL;~-
Sepharose, it was estimated that 20—-30% of the anti-
bodies were directed against antigens other than apoB.

A single passage of unfractionated anti-apoVLDL

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

A A N\

N

ASBVIB

-

JOURNAL OF LIPID RESEARCH

I

serum through HDL;-Sepharose was sufficient to
completely adsorb the anti-HDLj, anti-C-peptide,
and anti-ARP reactivities previously demonstrable by
immunodiffusion analysis. Antibodies subsequently
adsorbed by LDL-Sepharose from the fraction ex-
cluded by HDL;—-Sepharose, however, retained some
anti-HDL; immunoreactivity in the more sensitive
radioimmunoassay. An additional exposure of the
LDL-adsorbed components to HDL;-Sepharose
abolished this latter reactivity. Anti-apoVLDL freed in
this manner of anti-HDL3, anti-C-peptide, and anti-
ARP immunoreactivities were designated anti-apoB.
This preparation showed only a single arc of identity
upon immunodiffusion against VLDL, LDL, and
whole rat serum (Fig. 2).

s T T T T 1
-3 -l 0 I 2 3
log [ ug apo HDL,]

B/Bo

— — T T T T
-3 -l (o] | 2

log[ 12q apo LDL]

o

Fig. 1. Reaction of antibodies with hololipoproteins in radioim-
munoassays. Radioimmunoassays were conducted with hololipo-
protein fractions as described in the text. Various amounts of
unlabeled HDL, (a) or LDL (b), expressed in terms of apolipopro-
tein mass as indicated on the abscissa, were combined with a constant
amount of homologous '**I-labeled lipoprotein and reacted with
fixed amounts of antibody and anti-antibody. On the ordinate,
B, represents the net radioactivity precipitated in the absence of,
and B that precipitated in the presence of a given quantity of
unlabeled antigen. Antibody fractions used to generate each curve
were as follows: 4, ammonium sulfate precipitate of antiserum
reactive to ARP by immunodiffusion (crude anti-ARP); B, anti-ARP
prepared as described in legend to Fig. 3; C, crude anti-apoVLDL;
D, anti-apoVLDL prepared as described in legend to Fig. 3.

Fig. 2. Immunodiffusion analysis of antibodies. Antibodies were
purified from crude antisera by selective affinity chromatography
as described in the text. Central wells were filled as follows: upper
left, anti-ARP; upper right, anti-apoVLDL; lower plate, anti-apoB.
The outer wells of each array, proceeding from the top clockwise,
were filled with the following antigens: VLDL; LDL (prepared by
rate-zonal ultracentrifugation); C-peptide mixture; normal rat
serum; HDL;; ARP. The plates were photographed, without stain-
ing, after diffusion for 72 hr.

Thus, three enriched antibodies were employed for
polysome binding studies and analysis of wheat germ
translation products: 1) anti-apoVLDL, purified from
anti-apoVLDL serum by adsorption to and elution
from an LDL-Sepharose column; 2) anti-apoB, en-
riched from the same anti-apoVLDL serum by exclu-
sion from HDL;-Sepharose, followed by adsorption
to and elution from the LDL-Sepharose, and finally,
a second exclusion from HDL;-Sepharose; 3)anti-
ARP, purified on ARP-Sepharose from a separately
prepared anti-ARP serum (Fig. 2).

Reactivity of radioactive antibodies
toward (poly)ribosomes

The specific binding characteristics of **I-anti-
apoVLDL, -anti-ARP, and -anti-apoB to polysomes
and polysomal derivatives are illustrated in Fig. 3.
Several lines of experimental evidence indicate that
the antibodies recognize and specifically bind to the
nascent polypeptides of apolipoprotein antigens.

Antibodies purified by affinity chromatography
showed enhanced binding to polysomes when com-
pared in the same assay with crude antibody fractions

Hay and Getz Translation of proteins resembling rat plasma apoVLDL 341

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

10

05+

PERCENT OF *ANTIBODY RECOVERED

T — T ™
1 2 3 4
MILLILITERS OF SUCROSE GRADIENT

30
(b)
g
w 4
>
e}
(8]
&
- 2oﬂ 1.0
8 D
a
- 4
z £
<
i ¢ ;
O 104 o5 <
Z
) B
Q
1 4
'y
A
0 - -0
— Tt
1 2 3 4

MILLILITERS OF SUCROSE GRADIENT

Fig. 3. Reaction of polysomes with various antibodies. 3.0 Az of
rat liver polysomes were reacted at 0°C in about 0.3 ml with antibody
as detailed. In (a), 0.1 ml of each reaction mixture was layered
onto a 3.9-ml linear gradient of 0.5-1.5 M sucrose in polysome
buffer. In (b), each reaction mixture was first treated with 3 ug of
RNase at 25°C for 15 min; 0.1 ml of each mixture was then layered
onto a 4.4-ml linear gradient of 10-30% (w/v) sucrose in polysome
buffer. All gradients were sedimented in the SW56Ti rotor at 56,000
rpm (408,000 g,,,,,) and 2°C for 50 min. Sedimentation is from left
to right. Gradients were fractionated and counted for *°1 activity.
The species sedimenting at 2.0 and 2.7 ml in the tracing of (b) are
ribosomal monomers and dimers, respectively. 4, 30 ug of
unlabeled anti-apoVLDL, 30 min, followed by incubation
with 1.5 ug of '*l-anti-apoVLDL for 60 min; B, 1.5 ug
of '®I-anti-ARP, 60 min; C, 1.5 ug of "*l-ant-apoB, 60 min;
D, 1.5 ug of **1-anti-apoVLDL, 60 min. Anti-apoVLDL and anti-
ARP were eluted with urea from LDL-Sepharose and ARP-
Sepharose, respectively, following a pre-elution with 1 M NaCl in
phosphate buffer; anti-apoB was prepared from anti-apoVLDL
serum by exclusion from HDL,-Sepharose as described in the text.
Distributions of radioactivity essentially identical to curves 4 were
obtained when polysomes tested with **I-anti-ARP or -anti-apoB
were preincubated with a 20-fold excess of unlabeled anti-ARP or

342 Journal of Lipid Research Volume 20, 1979

of specific antisera. This enhancement paralleled the
specific antibody enrichment as tested in radioim-
munoassays with native plasma lipoproteins.
Antibodies prepared against rat plasma apolipopro-
teins did not react with monkey liver polysomes.
Neither anti-HEA nor crude antibody from the sera of
nomimmune rabbits bound to rat liver polysomes.
The distribution of radioactivity in the polysomal
profile was characteristic for each type of antibody
bound. Anti-ARP bound prominently in the 9- to 12-
some region (Fig. 3[a], curve B). Anti-apoB bound
over a broad region of the profile, most noticeably
in the 4- to 9-some region (Fig. 3[a], curve C). Anti-
apoVLDL bound broadly in what appeared to be an
additive fashion (Fig. 3[«], curve D), with components
of both anti-apoB and anti-ARP. By comparison, anti-
RSA bound sharply in the 16- to 19-some region (data
not shown). The distribution of bound radioactivity
amongst reasonably intact polysomes was not depend-
ent upon variations in the polysome size distribution
between different preparations. This specificity of
binding was demonstrated most convincingly in one
experiment in which polysomes of cytoplasmic and
membranous origin were separated by a modification
of the method described by Venkatesan and Steele
(70), and individually incubated with anti-ARP. Al-
though the absorbance profile peak occurred at com-
paratively larger polysomes in the case of the cyto-
plasmic polysomes, the antibody-binding peak was in
the same n-some region for both polysome prepara-
tions. This peak appeared on the ascending portion of
the profile of free polysomes, but on the descending
limb of the profile of membranous polysomes.
Treatment of polysomes with RNase, following or
preceding their incubation with radioactive antibody,
shifted the peak of radioactivity to positions coincident
with the resultant ribosome monomer and dimer peaks
(Fig. 3[b], curves B, C, and D). Conditions that release
most nascent polypeptides from ribosomal particles,
such as treatment with 50 mM EDTA or incubation
with 500 mM KCI and puromycin, resulted in a shift
of the radioactivity to the supernatant fractions. Treat-
ment with 500 mM KCI alone was not sufficient to
abolish antibody binding to polysomes. Some unreacted
polysomes were treated with EDTA or 500 mM KCl
and puromycin and then dialyzed to restore ionic con-
ditions to those of the originally isolated polysomes.
Such fractions, containing mostly subunits and some

anti-apoB, respectively, or when either group was preincubated
with anti-apoVLDL. A binding curve nearly identical to curve A4
was also seen when polysomes preincubated with an equimolar mix-
ture of unlabeled anti-ARP and anti-apoB were tested with '*°1-
anti-apoVLDL.
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ribosomal monomers, were incapable of binding radio-
active antibody.

Binding of radioactive antibody to polysomes was
competitively inhibited by homospecific or strongly
cross-reactive antibodies. With a prior incubation of
polysomes in a 20- to 50-fold excess of unlabeled homo-
specific antibody (Fig. 3, curves A), net binding of
radioactive antibody was blocked. Unlabeled hetero-
specific or nonspecific antibody did not interfere with
the binding of radioiodinated antibody. Anti-ARP and
anti-apoB were not cross-reactive for binding to poly-
somes or monosomes. Incubation of polysomes with
an excess of unlabeled anti-ARP followed by '#*I-anti-
apoB, and with unlabeled anti-apoB followed by '*I-
anti-ARP, had no effect on the respective radioactive
binding profiles and yielded curves indistinguishable
from curves C and B, respectively, in Fig. 3. A prior
incubation of polysomes with anti-apoVLDL, however,
reduced the binding of either '?*I-anti-apoB or -anti-
ARP to the level of curve 4. Anti-ARP or anti-apoB
alone only partially inhibited binding of '**I-anti-
apoVLDL (iable 1). Furthermore, when tested against
intact polysomes, the residual binding curves for the
competitive combinations anti-ARP/'*I-anti-apoVLDL
and anti-apoB/'®*I-anti-apoVLDL were nearly identi-
cal to curves C and B, respectively, of Fig. 3(a). An
equimolar mixture of unlabeled anti-ARP and anti-
apoB almost completely displaced the binding of '*]-
anti-apo-VLDL.

Immunoprecipitation of polysomes and extraction
of polysomal RNA

Aliquots of polysomes whose RNA was labeled in vivo
with **P were incubated with different amounts of
affinity-enriched anti-apoVLDL or antibody from
nonimmune rabbit serum and subsequently with an
optimum amount of anti-antibody as illustrated in
Fig. 4. This and other similar experiments showed

TABLE 1. Competitive binding of anti-apolipoprotein antibodies
to rat liver polysomes

125]-labeled Antibody

Unlabeled <

Antibody —anti-apoVLDL —anti-ARP —anti-apoB
anti-apoVLDL + + +
anti-ARP + W + —
anti-apoB +% - +

Affinity-enriched antibodies were reacted with rat liver poly-
somes; the mixtures were sedimented through continuous linear
sucrose gradients, and the distribution of radioactivity within the
gradients was determined by fractionation. In each case, the
polysomes were first incubated with 30 ug of unlabeled antibody
and then with 1.5 ug of *Sl-labeled antibody. The “+” symbol
indicates complete displacement, “+%” partial displacement, and
“—=" nondisplacement, of the 'I-labeled antibody binding to
polysomes as seen in the absence of unlabeled antibody.
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Fig. 4. Indirect immunoprecipitation of [*Plpolysomes. 3.5 A4
(15,000 cpm) of [**P]polysomes prepared as described in the text
were reacted in a final volume of 0.25 ml with various levels of
atfinity-enriched anti-apoVLDL (solid circles) or of crude immuno-
globulin from the serum of a nonimmune rabbit (open circles) for 1 hrat
0—-4°C. Anti-antibody was then added at a ratio to antibody of 25:1, and
the incubations continued for an additional 2 hr. The reaction mixtures
were layered onto discontinuous gradients of 3 mlof 0.5 M sucrose
layered over 6 mlot 1.0 M sucrose, both in polysome buffer adjusted
to contain 175 mM NaCl, 1% Triton X-100, and 1% DOC. Immuno-
precipitates were pelleted for 20 min in the SM24 Sorvall rotor at
11,500 rpm (15,000 gp.) and 0°C. The gradients were carefully
aspirated to the pellet; the pellets were resuspended and resedi-
mented through the same discontinuous gradients and then assayed
for P activity.

that ) nonspecific trapping of polysomes in the im-
munoprecipitate constituted between 0.3 and 0.6% of
the incubated polysomes; b) optimal specific immuno-
precipitation of nascent apoVLDL-synthesizing poly-
somes could be achieved by reacting 0.16-0.28 Ay,
of antibody per ml of polysomes; and ¢) a net level of
1-2% of normal rat liver polysomes (i.e., in addition
to the fraction precipitated nonspecifically) are en-
gaged in the synthesis of proteins immunologically
resembling apoVLDL components.

In order to prepare a sufficient quantity of RNA
for the isolation of mRNA, 544 A 54 units of polysomes
freshly isolated from 26 g of rat liver were subjected to
indirect immunoprecipitation with affinity-enriched
anti-apoVLDL and anti-antibody as just described.
Thirteen Ay (approximately 650 ug) of polysomal
RNA, or a net of 1.8-2.1% of the starting material
(excluding nonspecific precipitation, 0.3-0.6%), was
obtained by proteinase K extraction of the immuno-
precipitate and 5.8 ug of poly(A)-rich RNA was
recovered from the polysomal RNA by poly(U)-
Sepharose affinity chromatography.

Translation of poly(A)-rich RNA

Poly(A)-rich RNA from immunoprecipitated poly-
somes stimulated protein synthesis in wheat germ
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Fig. 5. Stimulation of protein synthesis in wheat germ extracts.
Poly(A)-rich RNA was purified as described in the text, precipitated
with ethanol, and rewashed with sodium acetate and ethanol. This
RNA was dissolved in sterile water and aliquots were added to the
mRNA-dependent wheat germ translational system. This figure
illustrates stimulation by poly(A)-rich RNA obtained from polysomes
immunoprecipitated with anti-apoVLDL. Similar results were ob-
tained with total poly(A)-rich RNA derived from postmitochondrial
supernatant. The level of incorporation of [*H]leucine into protein
was determined by TCA precipitation.

extracts in a linear fashion over the range 0-250 ng
of added RNA (Fig. 5). Similar data were obtained
for poly(A)-rich RNA from rat liver postmitochondrial
supernatant fraction (data now shown). The level of
stimulation by exogenous RNA varied from 3 to 75
times that of endogenous synthesis.

The translation products of both poly(A)-rich RNA
fractions were subjected to indirect immunoprecipita-
tion by anti-apolipoproteins. Of the TCA-precipitable
radioactivity present in extracts stimulated by total liver
poly(A)-rich RNA, a net” of 2.3 + 0.1% (mean and
SEM) was precipitable by anti-apoVLDL, 1.7 + 0.2%
by anti-ARP, and roughly 0.3% by anti-apoB. Two
other mRNA preparations were analyzed, with results
of a) 2.1 = 0.1% for ant-apoVLDL and 1.2 + 0.2%
for anti-ARP, and ) 1.5 = 0.2% for anti-ARP, respec-
tively. From those extracts stimulated by mRNA from
immunoprecipitated polysomes, average net re-
coveries of 38 = 4% (anti-apoVLDL), 28 + 2% (anti-
ARP), and 1.0 = 0.2% (anti-apoB) were obtained.
These results indicate that the poly(A)-rich RNA iso-
lated from polysomes immunoprecipitated by anti-

" These numbers represent the net proportion of protein pre-
cipitated by the respective antibodies after subtraction of the
proportion of protein precipitated by non-immune serum. In some
experiments, anti-BSA has been used as a nonspecific control and
essentially identical results were obtained. When wheat germ lysates
were primed with globin messenger RNA, provided by Drs.
Rabinowitz and Halbreich, there was no net precipitation of the
translation products by anti-ARP.
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apoVLDL represents about a 17-fold purification of
mRNA coding for proteins immunologically resem-
bling both total apoVLDL antigens and ARP, but mini-
mal enrichment of mRNA coding for proteins detect-
able by the purified fraction of anti-apoB. These data
also suggest that the majority of normal rat hepatic
protein synthesis devoted to antigens detectable by
anti-apoVLDL is attributable to the translation of
ARP-like proteins.

Part of the material immunoprecipitated by anti-
ARP from wheat germ extracts stimulated by enriched
mRNA was analyzed by electrophoresis in polyacryl-
amide disc gels in the presence of SDS. The gels were
fractionated to determine the positions of radioactive
polypeptides. The major species migrated identically
with unlabeled ARP purified from plasma VLDL
(Fig. 6), and was not affected by prior chemical reduc-
tion and alkylation of the immunoprecipitate (71).
Essentially the same pattern is obtained upon electro-
phoresis of the anti-ARP precipitated products of a
wheat germ extract primed with total liver poly(A)-
rich RNA.# We have as yet been unable to satisfactorily
analyze the small amount of radioactive material pre-
cipitated by anti-apoB.

DISCUSSION

The data presented here demonstrate that within
rat liver there exist specific polysomes synthesizing
presumed precursors of apoproteins found in plasma
VLDL. At least two subpopulations bearing nascent
chains immunologically recognizable as cross-reactive
with apoB and ARP, respectively, can be distinguished.
This population can be isolated by immunological
means, and mRNA extracted from these polysomes is
substantially enriched in species coding for the bio-
synthesis of proteins antigenically resembling apo-
VLDL and, more specifically, ARP.

During their glycosylation, lipidation, and association
with other apolipoprotein species, the plasma apolipo-
proteins perhaps undergo more extensive posttransla-
tional modification than do most other classes of pro-
teins. In considering the relationship between initial
translation products and their plasma counterparts,
the many potentialities for both intra- and extrahepatic
post-translational alterations must constantly be borne
in mind. Therefore, it is probably most appropriate
to regard the initial translation products present both
on rat liver polysomes and in stimulated wheat germ
extracts as developmental forms of plasma apolipo-
proteins. This situation poses obvious semantic dif-

* C. Reardon. Unpublished observations.
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ficulties, at least. Recognizing this dilemma, we have
designated the respective polysome-bound forms as
“nascent apoB and ARP,” and the immunoprecipitable
products of in vitro mRNA translation as, e.g., “ARP-
like proteins.” Such labels are meant simply to dis-
tinguish each of these forms from the others and,
in turn, from the mature plasma apolipoproteins.
Although a broadly interpreted precursor—product
correlation might be inferred from these designations,
they are not intended to prejudge the complexity of
relationships between developmental and mature apo-
lipoprotein forms.

In light of critical reports questioning the specificity
of antibody-polysome interactions (72, 73), rigorous
criteria have been employed here to establish that
anti-apolipoprotein antibodies are reactive toward
specific nascent apolipoproteins on (poly)ribosomes
rather than constituents of the ribosomes themselves
or cellular proteins adventitiously adsorbed to the
polysomes. These include observations that the anti-
bodies tested do not react with polysomes of a foreign
species; that binding levels are enhanced in proportion
to antibody enrichment by affinity chromatography;
that the antibodies bind to characteristic size classes
of polysomes; that procedures that predictably shift
the position of nascent polypeptides in sucrose gra-
dients similarly affect the position of antibodies bound
to polysomes; that antibody binding can be inhibited
competitively by homospecific or cross-reactive species;
and that mRNA purified from immunologically reac-
tive polysomes is enhanced for the synthesis of similarly
reactive proteins.

Although the polysome binding experiments de-
scribed here are largely prefatory to the successful
immunological isolation of mRNA, the binding profiles
themselves provide some useful information regard-
ing the biosynthesis of individual apolipoproteins.
The average size of a newly synthesized polypeptide
can be estimated by assuming that a protein of molecu-
lar weightn x 10*is synthesized on polysomes contain-
ing about 3n ribosomes (45). Thus, the binding of
anti-RSA to polysomes in the 16- to 19-some region and
of anti-ARP in the 9- to 12-some region is consistent
with estimated polypeptide sizes of about 60,000 and
35,000 daltons, respectively. Although the monomeric
size and homogeneity of apoB have not been estab-
lished, the binding of radioactive anti-apoB to poly-

somes yields two clues regarding the intrahepatic pre- -

cursors of plasma apoB. Nascent immunoreactive
apoB is prominent on small polysomes, in the 4- to
9-some region, suggesting that monomeric apoB could
contain protein species within the range of about
12,000-30,000 daltons. The rather broad distribution
of anti-apoB throughout the polysome profile raises
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Fig. 6. Electrophoretic analysis of in vitro translation products.
An anti-ARP immunoprecipitate of wheat germ extract stimulated
by enriched mRNA was dissolved in electrophoresis buffer, incu-
bated at 37°C for 2 hr, boiled for 2 min, and subjected to electro-
phoresis on a 12.5% acrylamide disc gel with a 0.7-cm, 2.5% acryl-
amide stacking gel. The gel was fractionated at 1-mm intervals,
solubilized, and counted for *H activity. Protein markers are abbre-
viated as follows: LMW-1 and -2, the large molecular weight species
of VLDL; BSA, bovine serum albumin; ARP, purified arginine-rich
peptides; and cyt ¢, cytochrome ¢.

the possibility that apoB or its developmental forms
could include several proteins with various molecu-
lar sizes.

The immunological approach has enabled us to
make a relatively direct determination of the level of
synthesis of developmental apolipoprotein forms in
the liver. Close agreement of the level of in vivo-labeled
polysomes precipitable with anti-apoVLDL, the pro-
portion of total polysomal RNA recovered in a specific
immunoprecipitate from a larger polysome prepara-
tion, and the amount of newly synthesized protein
antigenically resembling components of plasma
apoVLDL in a heterologous translation system pro-
grammed with unfractionated rat liver poly(A)-rich
RNA provides an estimate that roughly 2% of total
liver protein synthesis in the normal rat is devoted to
apoVLDL-like proteins, and that about 1.5% is devoted
to ARP-like proteins alone. The first estimate agrees
with those reported for apoVLDL-like protein synthe-
sis in slices of chicken liver (27), apoL.DL-like protein
synthesis by isolated rat liver ribosomes (23), and
apoVLDL synthesis by isolated perfused rat liver (5).

Identification of the immunoprecipitated translation
products deserves comment. The prominent species
seen in Fig. 6 can be tentatively designated a precursor
of plasma ARP on the basis of its immunoreactivity
and its comigration with authentic plasma ARP. It
should be stressed that, whereas the enriched mRNA
fraction was derived from polysomes precipitated by
anti-apoVLDL raised in one rabbit, the immunological
recovery of the newly translated product of this mRNA
was achieved by using an antibody induced with a
separate, purified ARP antigen in a different animal.
An electrophoretically similar product was also the

Hay and Getz Translation of proteins resembling rat plasma apoVLDL 345

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

major species immunoprecipitated from the wheat
germ extract by the purified anti-apoVLDL antibody.

The small proportion of total mRNA translation
devoted in normal rat liver to producing protein im-
munologically detectable by anti-apoB, the heterodis-
persity of binding of anti-apoB to polysomes, and our
relative ignorance about the structural characteristics
of mature apoB all indicate how formidable is the
task of further analyzing apoB translation at this time.

Further examination of ARP-like protein synthesis,
on the other hand, would appear to be a fruitful en-
deavor. ARP is readily available in purified, highly
immunogenic form, and possesses distinctive physical
characteristics. A substantial proportion of mRNA-
directed apoVLDL-like protein synthesis in vitro is de-
voted to the production of ARP-like proteins, and
much of this translated protein corresponds electro-
phoretically to completed copies of ARP. Whether the
ARP-like primary translation product contains se-
quences additional to those present in the mature cir-
culating ARP is the subject of current investigation. i
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