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Involves a Trans-acting Binding Protein Interacting with the
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Gouri Ranganathan, Diane Vu, and Philip A. Kerni

From the Department of Medicine, University of Arkansas for Medical Sciences, and the John L. McClellan Memorial

Veterans Hospital, Little Rock, Arkansas 72205

To better characterize the translational regulation of
lipoprotein lipase (LPL) by epinephrine, cytoplasmic ex-
tracts were prepared from 3T3-L1 adipocytes, 3T3-
F442A adipocytes, and other nonadipocyte cell lines (C2
cells, 3T3 fibroblasts, and Chinese hamster ovary cells).
After treatment with epinephrine, cell extracts from the
adipocytes inhibited LPL translation in an in vitro
translation assay, whereas extracts from the C2 cells
and 3T3 fibroblasts did not affect LPL translation. To
identify the region on the LPL mRNA that controlled
translation, in vitro translation was carried out using
constructs containing different LPL sequences. Specific
deletion of the first 50 (1601-1650) nucleotides of the 3’
untranslated region (UTR) resulted in a loss of transla-
tion inhibition. The addition of LPL 3’ UTR to a heter-
ologous reporter gene construct resulted in an inhibi-
tion of translation. Inhibition of the reporter LPL 3’
UTR translation was demonstrated by the addition of
epinephrine-treated cell extracts to an in vitro transla-
tion assay, as well as by transfection of this construct
into 3T3-F442A cells, followed by treatment of the cells
with epinephrine. Competition for a trans-acting bind-
ing protein was demonstrated by the addition of sense
mRNA strands corresponding to the proximal 135 nucle-
otides of the 3' UTR of LPL. To identify a RNA-binding
protein, adipocyte extracts were incubated with 32P-
labeled RNA sequences followed by RNase treatment.
The epinephrine-treated cell extract protected a frag-
ment of RNA when the RNA included sequences on the
proximal 3’ UTR of LPL. Cross-linking of this protected
fragment and analysis by SDS-polyacrylamide gel elec-
trophoresis revealed a protein that migrated at about 30
kDa.

Thus, the addition of epinephrine to 3T3 adipocytes
results in an inhibition of translation through the pro-
duction of a RNA-binding protein that binds to a region
on the proximal 3’ UTR of the LPL mRNA.

Lipoprotein lipase (LPL)! hydrolyzes the triglyceride core of
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lipoproteins and is subject to regulation by a number of differ-
ent hormones (1). Catecholamines are among the physiological
regulators of LPL and inhibit adipose lipid accumulation dur-
ing periods of active lipolysis (e.g. fasting). Previous studies
have demonstrated a decrease in LPL activity after the addi-
tion of epinephrine or other catecholamines to adipocytes in
vitro (2, 3).

A number of studies have demonstrated that the regulation
of LPL is complex. Under some conditions, the levels of LPL
mRNA are regulated, whereas other times there is regulation
of LPL translation or posttranslational processing (1). Regula-
tion of LPL translation has been demonstrated in response to
several conditions, including elevated glucose (4) and thyroid
hormone absence (5). When epinephrine was added to adipo-
cytes, there was a rapid decrease in LPL synthesis using
[35Slmethionine pulse labeling, in spite of no change in adipo-
cyte LPL mRNA levels (2). In a recent study, we partially
characterized this translational regulation (6). A cytoplasmic
extract from epinephrine-treated 3T3-L1 cells inhibited LPL
translation in an in vitro translation system. Furthermore,
when constructs were prepared that lacked the 3’ untranslated
region (UTR), the extract failed to inhibit translation, indicat-
ing that the cytoplasmic extract contained a factor that inter-
acted with the 3" UTR of the LPL. mRNA.

This study was intended to further characterize this trans-
lational regulation of LPL by epinephrine. In addition to fur-
ther defining the important region of the LPL mRNA, we have
identified a RNA-binding protein and demonstrated that the
inhibition of LPL expression can be transferred to a heterolo-
gous reporter.

MATERIALS AND METHODS

Cell Culture and Differentiation—3T3-L1 cells and 3T3-F442A cells
were obtained from Dr. Howard Green (Harvard Medical School, Bos-
ton, MA). 3T3-L1 cells were grown on 75-cm? culture flasks (Costar) in
Dulbecco’s modified Eagle’s medium (DMEM) (Life Technologies, Inc.)
supplemented with 10% fetal calf serum. Cells were grown to conflu-
ence and differentiated by incubation in DMEM with 10% fetal calf
serum containing 1 ug/ml insulin, 0.5 mM isobutylmethylxanthine, and
0.25 uM dexamethasone for 72 h. Cells were then maintained in DMEM
containing 10% serum and 1 pg/ml insulin for 5-7 days. Medium was
then changed to DMEM containing 10% serum. 3T3-F442A cells were
treated similarly, except differentiation was accomplished with 1 ug/ml
insulin alone. 3T3 fibroblasts and Chinese hamster ovary cells were
obtained from the American Type Culture Collection and grown in
DMEM containing 10% fetal calf serum. Mouse myocyte cells, C2 cells
(7), were maintained in DMEM with 5% fetal bovine serum and 15%
calf serum. For differentiation, cells were switched to DMEM contain-
ing 2% horse serum.

Preparation of Cytoplasmic Cell Extract—A cytosolic fraction was
prepared as described previously (6). Cells were lysed using an isotonic
lysis buffer, and the postnuclear extract was used to prepare a high-

polyacrylamide gel electrophoresis; kb, kilobase(s); bp, base pairs.
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speed supernatant fraction (S-100) by centrifugation at 100,000 X g for
2h at 4 °C. Solid ammonium sulfate was added to the cytosolic fraction
to 60% saturation and precipitated for 0.5 h on ice. Precipitated proteins
were collected by centrifugation at 6,000 X g for 10 min at 0°C, redis-
solved, and dialyzed against Buffer A (20 mum Tris-HCL, pH 7.4, 20 mMm
KCL, 7 mM B-mercaptoethanol, 0.1 mm EDTA, and 10% glycerol). Pro-
tein concentration in the cell extract was determined with a Bio-Rad
protein assay, using bovine serum albumin as a standard. Equal quan-
tities of the cell extract (0.1 ug) were used in the rabbit reticulocyte
lysate.

In Vitro Translation—For in vitro translation, RNA transcripts from
a variety of human LPL cDNA constructs were used (described below).
Template DNA was linearized with a suitable restriction enzyme to
obtain a complete transcript of the cloned DNA. 1 ug of linearized DNA
was transcribed with either SP6 or T7 polymerase using the SP6/T7
transcription kit (Boehringer Mannheim). Equal quantities of RNA
transcripts (0.1 pg) were translated in a rabbit reticulocyte lysate
system (Promega) in the presence of [**S]methionine, and the transla-
tion products were analyzed by SDS-polyacrylamide gel electrophoresis
(PAGE) and autoradiography.

Preparation of Constructs for in Vitro Translation—The construct
used in Fig. 1 was LPL35, described by Wion et al. (8). It contained 174
nucleotides of the 5’ untranslated sequence, the complete coding se-
quence (1428 nucleotides), and 822 nucleotides of the 1950-nucleotide 3’
UTR cloned in transcription vector pGEM-2.

The 3.2-kb LPL construct (clone A in Fig. 2) was prepared using
overlapping clones of human LPL ¢cDNA in pGEM47Z (8), as described
previously (9).

Clone B consisted of nucleotides 1-3196, with a deletion of nucleo-
tides 1600-1654. This ¢cDNA was generated using the megaprimer
polymerase chain reaction (PCR) method (10). The first segment, nu-
cleotides 1-1599, was amplified using the EcoRI cut of LPL35, which
cuts at nucleotide 1640. A PstI site was attached to the upstream
primer, which contained the first 17 nucleotides of the human LPL
sequence (ATATCTGCAGCCCCTGTTCCTCCTC). The downstream fu-
sion primer contained the deletion of 54 bases and extended from
nucleotides 1585-1600 followed by nucleotides 1654-1670 (GTTACT-
TCCTCCACTTCTCAGCCTGACTTCT). The second segment, nucleo-
tides 1654-3196, was amplified from the full-length clone of LPL (9). A
complement of the fusion primer described above was used as the
upstream primer. The downstream primer used included a BamHI site
(ATATGGATCCCCAACAACAACAAATCATACT). These two frag-
ments were used as megaprimers to amplify the 3.2-kb ¢cDNA contain-
ing the 54-nucleotide deletion. To improve the yield and minimize
errors, Taq Extender PCR additive (Stratagene Cloning Systems, La
Jolla, CA) was included with Tag DNA polymerase. The PCR product
was cloned into pGEM-2. The clone was confirmed to have a deletion of
bases 1600-1654 using informative restriction fragment analysis.

Clones C and D were a generous gift of Dr. Robert H. Eckel (Univer-
sity of Colorado School of Medicine, Denver, CO). Clone C has the
complete 5 UTR coding sequence (1428 nucleotides) and the first 25
nucleotides of LPL 3’ UTR cloned in pGEM-2. Clone D has both the 3’
and 5 UTRs eliminated and contains the complete LPL coding se-
quence. These sequences were confirmed by double-stranded DNA se-
quencing (U. S. Biochemical Corp.; sequenase sequencing kit).

Heterologous construct E was prepared that contained the chloram-
phenicol acetyltransferase (CAT) coding sequence followed by nucleo-
tides 1512-2451 of human LPL cloned 3’ to CAT. This construct was
generated by inserting a polylinker after the CAT coding sequence
using pBLCAT2 (11). The region between nucleotides 1512 and 2451 of
LPL ¢cDNA was amplified using PCR. Restriction sites were included on
both ends of the PCR primers, and the resulting 939-bp fragment of
LPL ¢DNA was cloned 3’ of the CAT coding sequence. A control con-
struct F' was generated that contained nucleotides 1312-2212 of SV40
3" UTR cloned 3’ of the CAT coding sequence. This insert was also
generated by PCR using the pBLCAT2 plasmid as template. A T7
promoter sequence was introduced 5 of the CAT coding sequence.
These constructs were confirmed by informative restriction cuts. Tag
Extender PCR additive was included along with Taq polymerase to
minimize errors and improve the yield of the PCR reaction. For expres-
sion, purified plasmid DNA was digested at a polylinker restriction site
downstream of the LPL insert, and in vitro RNA transcription was
carried out using the appropriate upstream promoter for viral RNA
polymerase.

Constructs for Transient Transfection—The luciferase vector
pcDNAS3-luc was a generous gift from Dr. Roger Davis (San Diego State
University, San Diego, CA). The region between nucleotides 1512 and
2451 of LPL ¢cDNA was amplified using the appropriate primers. Re-
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Fic. 1. Effect of cytoplasmic extracts on translation of LPL.
S-100 extracts were prepared from control and epinephrine-treated
3T3-L1 and 3T3-F442A adipocytes, C2 myocyte cells, Chinese hamster
ovary cells, and 3T3 fibroblast cells as described under “Materials and
Methods.” The cytoplasmic extract was added to a rabbit reticulocyte in
vitro translation system in the presence of [**S]methionine and the
LPL35 transcript. The translation products were analyzed by SDS-
PAGE and autoradiography. The gels are representations of at least
three experiments.

striction sites were incorporated on either side of the fragment, which
was then cloned into the pcDNA3-luc vector, which has a polylinker
after the luciferase stop codon. Two control constructs were used, both
of which were obtained by amplification using PCR. For a control
construct, a 717-bp fragment of hormone-sensitive lipase sequence be-
tween nucleotides 1717 and 2434 was amplified using PCR and inserted
into pcDNAS3-luc.

Transient Transfection of 3T3-F442A Cells—Transient transfections
of 3T3-F442A preadipocytes were performed by electroporation using a
Bio-Rad gene pulser followed by butyrate treatment (12). 5 X 10° cells
were cotransfected with luciferase-LPL (30 pg) and B-galactosidase (5
wug) plasmid DNA. The plasmids were resuspended in 0.5 ml of electro-
poration buffer containing 20 ug of salmon sperm carrier DNA. The
cells were transferred into growth medium containing 5 mm butyrate
for 16 h and then transferred into differentiation medium for 72 h.
Luciferase activity and B-galactosidase activity were measured using
Promega assay systems.

Sense Strand Competition—The sense RNA strands described in Fig.
4 were generated by PCR of clone A using the appropriate primers,
except for the addition of T7 polymerase sequences on the upstream
primer.

RNase Protection and UV Cross-Linking—For RNase protection
analysis, *?P-labeled RNA transcripts to specific regions of the LPL 3’
UTR were generated from the PCR fragments also used in the sense
strand competition experiments. The labeled transcripts were purified
by phenol extraction and ethanol precipitation, and the integrity was
checked on a 5% nondenaturing PAGE. Binding reactions were carried
out with S-100 cytoplasmic extracts (25 pg) and 25,000 cpm (0.5 ng) of
32P-labeled transcript in Buffer A. After incubation at 25° for 30 min,
2.5-5 units of RNase T'1 (Ambion, Inc.) were added for 20 min, followed
by the addition of 5 mg/ml heparin in Buffer A. The RNA-protein
complex was then analyzed on a 5% nondenaturing PAGE (13). For the
cross-linking assay, after the addition of heparin the reactions were
exposed to UV light. UV cross-linking was done for 10 min on ice at a
distance of 5—6 cm from an 8-W UV bulb. The samples were analyzed on
10% SDS-PAGE followed by autoradiography.

Statistics—Luciferase activity in transfected cells was analyzed us-
ing Student’s ¢ test.

RESULTS

Previous studies have demonstrated an inhibition of LPL
translation by a cytoplasmic extract from epinephrine-treated
3T3-L1 adipocytes (6). To determine the specificity of this
translation inhibition, cytoplasmic extracts were prepared
from other cell types in the presence and absence of epineph-
rine and added to an in vitro translation system. The transcript
for the reticulocyte lysate system was the in vitro-transcribed
human LPL mRNA. As shown in Fig. 1, a cytoplasmic extract
from epinephrine-treated 3T3-F442A adipocytes inhibited LPL
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FIG. 2. Analysis of translational regulation in response to con-
trol or epinephrine-treated S-100 extract from 3T3-F442A adi-
pocytes. The constructs used were generated as described under “Ma-
terials and Methods.” Cytoplasmic extract from control or epinephrine-
treated adipocytes was added to a reticulocyte in vitro translation
system in the presence of each specific transcript. Autoradiograms are
representative of three experiments with each construct.

translation in the reticulocyte lysate system. On the other
hand, there was no inhibition of translation by cytoplasmic
extracts from other cells, including 3T3 fibroblasts or C2 cells.
Extracts prepared from Chinese hamster ovary cells inhibited
LPL translation consistently, although the degree of inhibition
was not as great as with the adipocyte cell lines.

In a previous study, we determined that the region that
regulated LPL translation was the proximal portion of the 3’
UTR of the LPL mRNA. To further define the region of regu-
lation and to determine whether other downstream elements
were important in translational regulation, additional experi-
ments were performed using different mRNA constructs. Cyto-
plasmic extracts were prepared from control and epinephrine-
treated 3T3-F442A cells and added to the in vitro translation
system containing the constructs illustrated in Fig. 2. To de-
termine the importance of the proximal 3' UTR, a construct
was prepared that contained the complete coding sequence
(nucleotides 1-1599) and the full-length 3’ UTR, except for
nucleotides 1600-1654. As shown in Fig. 2, the deletion of
nucleotides 1600-1654 on the 3’ UTR resulted in a loss of
translation inhibition by epinephrine. To further isolate the
region on the 3" UTR that controlled translation, a construct
was prepared that contained the complete coding sequence and
the first 24 nucleotides of the 3’ UTR. The translation of this
construct was inhibited by the addition of epinephrine-treated
cell extract from 3T3-F442A cells. On the other hand, a con-
struct that lacked the 5’ and 3’ UTRs did not respond to the
epinephrine-treated cell extract. To determine whether the
coding sequence of LPL was involved in translational regula-
tion, a heterologous construct was prepared that contained the
coding sequence for CAT, followed by nucleotides 1512—2451 of
LPL, cloned 3’ to the CAT coding sequence. As shown in Fig. 2,
the addition of the epinephrine-treated 3T3-F442A cell extract
resulted in an inhibition of translation of this heterologous
transcript, whereas no inhibition of translation occurred when
the control extract was used and when the same construct was
used with an irrelevant sequence cloned 3’ to CAT.
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Fic. 3. Expression of luciferase in 3T3-F442A cells transfected
with luciferase constructs containing different 3' UTR se-
quences. 3T3-F442A cells were transfected with constructs containing:
A, luciferase-LPL (nucleotides 1512-2467); B, luciferase-LPL (nucleo-
tides 1624-2467); or C, luciferase-hormone-sensitive lipase as de-
scribed under “Materials and Methods.” Cells were then treated with
epinephrine, as described under “Materials and Methods”, followed by
the measurement of luciferase activity. Four separate transfection ex-
periments were performed for each construct. In each experiment trip-
licate transfection was performed for control and epinephrine treat-
ment. ¥, p < 0.05 versus control cells.

Although we have demonstrated that the proximal 3’ UTR of
LPL mediated the translational regulation of LPL using in
vitro translation, we wished to determine whether the addition
of the LPL 3’ UTR to a heterologous construct could confer
inhibition of translation in cells. A luciferase construct was
prepared that contained the 939 nucleotides of the LPL 3’ UTR
(nucleotides 1512-2451) cloned 3’ to a luciferase reporter and
driven by the cytomegalovirus promoter. This construct was
expressed in 3T3-F442A cells (as described under “Materials
and Methods”), which were then treated with epinephrine. As
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shown in Fig. 3, epinephrine inhibited luciferase expression in
3T3-F442A cells transfected with the luciferase-LPL 3’ UTR
construct. To confirm that the inhibition of luciferase expres-
sion was due to the proximal region of the LPL 3’ UTR, two
additional constructs were prepared; one contained the same
sequence except that it was missing the proximal 24 nucleo-
tides of the 3’ UTR, and the other contained 717 nucleotides
(nucleotides 1717-2434) of irrelevant sequence (hormone-sen-
sitive lipase coding sequence) cloned 3’ to luciferase. As shown
in Fig. 3, epinephrine had no inhibitory effect on luciferase
expression using these last two constructs.

If the inhibition of LPL translation was due to the production
of a trans-acting binding protein, the addition of a sense RNA
strand would be expected to compete for this binding protein
and remove the translation inhibition. To examine this, a series
of sense RNA strands were transcribed and added to the epi-
nephrine-treated cell extract, followed by in vitro translation.
As shown in Fig. 4, the addition of progressively shorter sense
strands of 628, 230, and 130 bp resulted in an increase in LPL

1 175 1589
LPL mRNA ! L .
36KB FragmentA /s
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Fragment C 1834
1847
1512
&
&
dfl@ .?\‘ "Sense" RNA
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Fic. 4. Competition with LPL RNA sense strand. RNA sense
strands corresponding to nucleotides 1512-2140, 1512—-1834, or 1512—
1647 were synthesized as described under “Materials and Methods” and
added to the in vitro translation reaction along with the epinephrine-
treated S-100 extract. Increasing quantities of sense RNA strand were
added, up to a molar ratio of 8:1 (sense strand/LPL mRNA).

LPL m RNA
3.6 KB
HCL mRNA
Fic. 5. RNase protection assay us- Fragment A

ing S-100 extract from 3T3-F442A adi- Control - - 4+ -
pocytes. 3*P-labeled sense RNA encoding Epi-Treated — — — 4
nucleotides 1512-2140, 1512-1834, and HN;ase T, o — 4+ 4+ 4+
1624-2140 of LPL (Fragments A, B, and !
C, respectively) or 430 nucleotides of RNA
encoding human colipase (Fragment D) d
were incubated with equal amounts of -
control or epinephrine-treated cytoplas- *

mic extracts. The reactions were then
treated with RNase T1 and heparin and
then analyzed on a 5% nondenaturing ac-
rylamide gel followed by
autoradiography.
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translation, suggesting that these RNA strands were compet-
ing for a binding protein. The competitor RNA fragment had no
effect on the control cell extract and had no effect on the in vitro
translation reaction in the absence of any cell extract. Further-
more, the addition of a similar-sized sequence of irrelevant
mRNA (neomycin phosphotransferase) had no effect on the
epinephrine cell extract (data not shown). Thus, the sense RNA
strand seemed to compete with the LPL. mRNA for an inhibi-
tory binding factor.

To demonstrate the presence of a trans-acting binding pro-
tein, a sequence of the LPL 3’ UTR was labeled with [>2P]UTP,
followed by the addition of control or epinephrine-treated cell
extract and RNase T1. As shown in Fig. 5, the addition of the
control cell extract did not result in any RNA protection. On the
other hand, the addition of the epinephrine-treated cell extract
resulted in the identification of a fragment protected from
RNase. This protected fragment was found only in the epineph-
rine-treated cell extract and was present only when the LPL 3’
UTR was used and included the proximal 24 nucleotides of the
3’ UTR. As shown in Fig. 5, the use of an irrelevant sequence of
RNA (human colipase) yielded no protected fragment. To ob-
tain better information about this binding protein, RNase pro-
tection was performed in the same manner, except that the
RNA/protein complex was cross-linked with UV irradiation.
After this, the complex was analyzed on a SDS-polyacrylamide
gel. As shown in Fig. 6, the 32P-labeled protein complex mi-
grated at 30 kDa. A weaker band was present upon longer
exposure at 40 kDa, and smaller peptides were detected at the
front, suggesting the possibility of either degradation or a sub-
unit structure to the binding protein.

DISCUSSION

Previous studies have demonstrated that the regulation of
LPL is complex and may occur at the level of transcription (14,
15), posttranslational processing (16, 17), or translation.
Changes in LPL translation have been demonstrated in re-
sponse to the addition of epinephrine (2) and glucose (4), and
increased LPL translation has been demonstrated in response
to hypothyroidism in rats (2) and in response to the treatment
of humans and rats with diabetes (18, 19). In previous studies,
we examined the inhibition of LPL translation by epinephrine
and found that the important region of the LPL. mRNA was on
the 3" UTR (6).

In the studies described here, we further defined the effects
of epinephrine on LPL translation. The factor mediating the
translation inhibition was not ubiquitous because extracts

1 175 1599

Fragment A 1512 oo— 2140

Fragment B 1512 w1834

Fragment C 1624 mmmm 2140

FragmentD 430w

Fragment B Fragment C Fragment D

— R g A = = e e = = W =
- = g - = e - - - +
- + + + - + + + - + + +

ba ———



Translational Regulation of LPL by Epinephrine

> > &
> a &
\“'sli-6 \\é"i-6 6‘@ e?"'&

Mol. Wt.
&
o & & &

markers
(KDa)

97.4—
68 —
45 -

g

3 - R

44—

RNase — + 3 +

Fic. 6. UV cross-linking of sense RNA strands with cytoplas-
mic extracts from control or epinephrine-treated 3T3-F442A
adipocytes. *?P-labeled sense RNA encoding nucleotides 1512—-1834 of
LPL was incubated with equal amounts of control or epinephrine-
treated cytoplasmic extract. After RNase T1 and heparin treatment, the
reactions were UV cross-linked and analyzed on a 10% SDS-PAGE
followed by autoradiography.

from C2 cells and fibroblasts did not affect LPL translation in
the reticulocyte system, in contrast to extracts from adipocyte
cell lines. Extracts from epinephrine-treated Chinese hamster
ovary cells, which are known to express LPL (20), also inhibited
LPL translation in vitro, although to a lesser extent than did
the extracts from adipocyte cell lines.

To further characterize the region of the 3" UTR involved in
this interaction, constructs were prepared that contained var-
ious deletions and added to the in vitro translation reaction.
These studies suggested that the proximal 3’ UTR was essen-
tial to translational inhibition by an epinephrine-treated cell
extract. This was confirmed by adding the LPL 3’ UTR to a
heterologous mRNA followed by transient transfection into
adipocytes. Epinephrine inhibited expression of the reporter
gene only when the 3’ UTR contained the initial 24 nucleotides
of the LPL 3’ UTR. Additional studies demonstrated that the
coding region of LPL. mRNA was not involved in translational
regulation. Together, these studies demonstrated that the mo-
tif for translational inhibition of LPL is contained within the
first 24 nucleotides of the 3’ UTR and that upstream and
downstream elements either were not involved in the transla-
tional regulation or were dependent on interactions with the
proximal 3' UTR.

These studies with the epinephrine-treated cell extract, in-
cluding the competition with sense RNA strands, suggested the
presence of a trans-acting binding protein. To demonstrate the
presence of such a protein, the cytoplasmic extract was permit-
ted to interact with 32P-labeled LPL 3’ UTR sequence, followed
by treatment with RNase. Using this technique, a protein with
a subunit size of 30 kDa was protected from RNase. Because
this protein was not found in control cells or in fibroblast
extracts (which do not inhibit LPL translation in vitro), this
30-kDa protein is likely to be the protein responsible for the
translation inhibition.

The regulation of translation has been well characterized in
other systems (21). Ferritin is regulated at the level of initia-
tion by a trans-acting protein that binds to a region of second-
ary structure on the 5’ untranslated region of ferritin mRNA
(22—-24). Other studies have implicated changes in the 3’ UTR
of mRNA in the regulation of translation (25). The same protein
that regulates ferritin mRNA initiation binds to an iron re-
sponse element on the 3" UTR of transferrin receptor mRNA,
resulting in the inhibition of mRNA degradation. The 3’ UTR is
involved in the inhibition of translation of y-interferon in Xe-
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nopus oocytes (26) and creatine kinase in the U937 cell line
(27). Studies with ornithine decarboxylase, which is under the
translational control of polyamines, have demonstrated coordi-
nated regulation of translation by both the 5’ and 3" UTRs (28,
29). Translational regulation of gene expression also plays an
important role in development, in which many mRNAs are
stored in an inactive state until they are utilized during specific
stages (30). For example, protamine 2 mRNA translation is
inhibited during germ cell development in the testes by the
binding of a phosphoprotein to the 3' UTR of the mRNA (31).
In summary, translational regulation of LPL in 3T3-L1 and
3T3-F442A adipocytes is mediated by a trans-acting factor that
is induced by epinephrine treatment. This factor is mainly
expressed in adipocytes and binds to the 3' UTR of LPL be-
tween nucleotides 1600 and 1624. This sequence on the LPL 3’
UTR can confer translational regulation to a reporter CAT
construct in vitro and to a reporter luciferase construct trans-
fected into 3T3-F442A adipocytes. RNase protection followed
by UV cross-linking analysis using the LPL 3’ UTR as probe
detected the presence of a 30-kDa RNA-binding protein in
S-100 extract isolated from epinephrine-treated 3T3-L1 adipo-
cytes. Future studies are needed to characterize the RNA-
binding protein and to elucidate its physiological role.
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