Biol. Chem. Hoppe-Sevler
Vol. 371. pp. 375-382, April 1990

The 3'-Flanking Region Shared by the Human Apolipoprotein Al and
CIII Gene Regulates Gene Expression in Cooperation with

5'-Flanking Elements

Antje Haase and Willy STOFFEL

Institut fiir Biochemie, Medizinische Fakultédt der Universitit zu Koln

(Received 28 December 1989)

Summary: The genes of the apolipoproteins Al and
CIII are localized in opposite orientation on chromo-
some 11 in close vicinity. separated from each other by
a non-coding intergenic region of 2.1 kb. The inter-
dependence of their expression has been studied in
cotransfection experiments in Hep G2 cells.

An expression vector harboring the intergenic region
with CAT as reporter gene and likewise pUC 19 de-
rivatives with the putative cis-elements were con-
structed. Inhibition of gene expression by 5'-flanking
elements of the apo Al and CIII gene was observed.

Four proteins have been identified in nuclear extracts
of Hep G2 cells that bind to several sequences of the
intergenic domain but not to the 5'-flanking regions
of apo Al or CIII gene. These proteins might be re-
sponsible for the silencer effect. The pathway of the
regulation of apo CIII and AI expression derived
from the experiments described here is supported by
mutations in the intergenic region, leading to the
phenotype of hypertriglyceridemia, and the stimu-
latory effect of cholesterol on apo Al transcription in
Hep G2 cells.

Die gemeinsame 3'-flankierende Region der menschlichen Apolipoproteingene Al und CI1
reguliert die Expression in Zusammenarbeit mit 5'-flankierenden Elementen

Zusammenfassung: Die Gene der Apolipoproteine
Al und CIII sind auf Chromosom 11 in gegenlédufiger
Orientierung eng benachbart und nur durch eine in-
tergene Sequenz von 2.1 kb Linge getrennt angeord-
net. Die gegenseitige Abhéngigkeit ihrer Expression
wurde in Transfektionsexperimenten in Hep G2-Zel-
len untersucht.

Wir beobachteten die Hemmung der Genexpression
durch ein Zusammenwirken von 5'- und 3'-benach-
barten Elementen der Apo Al- und CIII-Gene. Vier
Proteine wurden in Kernextrakten von Hep-G2-Zel-

len identifiziert, die an mehrere Sequenzen der inter-
genen Domiine, aber nicht an die flankierende 5'-Re-
gion von Apo Al und CIII binden. Die Proteine knn-
ten fiir den “Silencer-Effekt” verantwortlich sein.

Der hier aus den beschriecbenen Experimenten abge-
leitete Weg der Regulation der Apo-Al und CIII-Ex-
pression wird durch Mutationen in der intergenen Re-
gion, deren Phanotyp mit Hypertriglyceridémie ein-
hergeht, und durch den stimulierenden Effekt des
Cholesterins auf die Apo-Al-Transkription in Hep-
G2-Zellen unterstiitzt.

Key words: Apolipoprotein Al and CIII genes, gene expression, 5'- and 3'-flanking regions, DNA protein interaction, silencer

effect.

Abbreviations:

apo, apolipoprotein; CAT. chloramphenicol acetyl transferase; dNTP, deoxynucleotide triphosphate; HDL, high density lipopro-
tein; IFN, interferon; LCAT. lecithin cholesterol acetyltransferase: LDL, low density lipoprotein; tk, thymidine kinase: VLDL,

very low density lipoprotein.
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The serum levels and tissue distribution of cholesterol
and triacylglycerols are regulated by a complex sys-
tem of serum lipoproteins and certain enzymes in-
teracting with them!' . These lipoproteins consist of
cholesterol, cholesterol esters, triacylglycerols or
phospholipids and specific apolipoproteins which
form a hydrophilic shell and are therfore responsible
for the solubilization of the lipids. According to their
hydrated density they are divided into four major clas-
ses: chylomicrons, very low density lipoproteins
(VLDL), low density lipoproteins (LDL) and high
density lipoproteins (HDL). They differ in their com-
position and their specific function.

The HDL particle transports cholesterol, cholesterol
esters and phospholipids. This function links HDL
to reverse cholesterol transport and the uptake of
cholesterol from cell membranes!*! and is being sug-
gested protective against coronary artery disease,
since plasma HDL concentration is inversely corre-
lated with the incidence of coronary heart disease and
atherosclerosis.

HDL contains apolipoprotein Al (apo Al) as its main
protein component and in addition apo All, CI, CII
and CIIL. The latter is also a component of VLDL
which transports endogenously synthesized triacyl-
glycerols. The existence of separate and independent
non-equilibrating apo CIII pools in VLDL and HDL
respectively has been described”. In HDL the con-
centrations of apo Al and CIII have been described to
be correlated!®!. Both apolipoproteins are synthesized
in liver, but apo Al is also synthesized in intestine and
secreted as a component of chylomicrons which are
the primary particles transporting exogenous
triacylglycerols and cholesterol.

Apo Al activates LCAT (lecithin-cholesterol-acyl-
transferase) an enzyme that plays a key role in reverse
cholesterol transport!”).

Although its precise metabolic function is not clear
apo CIII has been shown to inhibit lipoprotein lipase,
an enzyme involved in the clearance of triacyl-
glycerol-rich lipoproteins®l. and to decrease the up-
take of triacylglycerol-rich lipoproteins!". Therefore
increased levels of apo CIII may contribute to hyper-
triglyceridemia. Defects in the expression of apo Al
and CIII are strongly correlated with premature coro-
nary artery disease!'"?].

Little is known about the mechanism by which gene
expression of the apolipoproteins, especially of apo
Al and CIII, is correlated and in which way it reacts
on metabolic parameters such as cholesterol or tri-
glyceride concentrations inserum.The genesof apo Al
and CIII are located on chromosome 11 linked in op-
posite orientation by a 2.1-kb non-coding region™,

The regulatory elements of the 5'-flanking region of
both genes have been elaborated: in the case of the
apo Al gene the region between — 41 to — 256 from
the transcription start site is required and sufficient
for maximal expression in Hep G2 cells and repre-
sents a hepatocyte-specific enhancer! ™.

In the apo CIII gene 821 bp of the 5'-flanking region
are responsible for maximum levels of gene expres-
sion in liver; 110 bp alone are sufficient for basic ex-
pression levels. The 821 bp region contains a very
strong positive element (— 821 to — 685) with homol-
ogy to viral enhancers and another positive element
at position — 110 to — 68. Astrongly negative element
is located between positions — 220 to — 110 with strik-
ing homology to the human S-interferon silencer!"*l.

The goal of our experiments was to corroborate the
function of the intergenic region, which is the 3'-
flanking region shared by both genes, and how it con-
tributes to the correlation of the actual level of the re-
spective serum apolipoproteins in response to the
metabolic situation.

We used the CAT-gene as reporter gene linked to dif-
ferent putative regulatory elements at its 3" end in
gene expression studies in Hep G2 cells. We report
here on the functional interaction of these sequences
with elements of the 5'-flanking regions of the apo Al
and CIII genes in cotransfection experiments.

Materials and Methods

Cloning procedure

Standard isolation and cloning procedures were followed!"!.

The following vectors were constructed for the transfection and co-
transfection experiments described under Results.

pS'AlL the 1.3 kb Xholl fragment was isolated from AAI'”! and
cloned in the BamHl site of pUC19!'").

pS'CIII: the 1.7 kb EcoRUNael fragment wasisolated from ACIIT!"!
and was cloned into the EcoR1/Smal site of pUC19.

p5'CHI 300: the 300 bp Sacl fragment containing the CAAT- and
the TATA box was isolated from p3'CIII and cloned into the Sacl
site of pUCI9.

pBL2-inter: the 3.5 kb Sacl-fragment was isolated from AAI and
cloned into the Sacl site of pBLCAT2.

p-inter: the same fragment as in pBL2-inter was cloned into the
Sacl site of pUCI19.

p0.8, p1.5, pL.0: p-inter was cut with Pstl and Sacl and the resulting
0.3, 0.8, 1.0 and 1.5 kb fragments were isolated. The 0.3 and 1.0 kb
Pstl fragments were cloned into the Psil site of pUC19 and the 0.8
and 1.5 kb Pstl/Sacl fragments into the Pstl/Sacl site of pUC19.The
0.3 kb fragment was not used for cotransfection experiments.
pBL2-0.3: The 0.3 kb Psrl-fragment isolated from p-inter was made
blunt end by reaction with T4&-DNA-polymerase and cloned into
the Smal site of pBLCAT2.
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pBL2-0.8, pBL2-1.5, pBL2-1.0: the 0.8-, 1.0- and 1.5-kb fragments
were isolated as Pstl/Kpnl fragments from p0.8, p1.5 and pl.0.
They were cloned into the Kpnl/Smal site of pBLCAT2 in two
steps: after ligation of the Kpnl sites of fragments and vector the
free Pstl site was made blunt end by reaction with T4-DNA-
polymerase and the blunt ends ligated in a second step.

Tissue culture

Hep G2 cells were grown in Dulbeccos modified medium (10%
fetal calf serum, Gibco) in a humidified atmosphere containing 5%
CO;. They were split in 3-4 days intervals by trypsinization.

Transfections and CAT assays
1) Transfection

For transfection experiments Hep G2 cells were split to semicon-
fluency 18-20 h before transfection and plated in Falcon dishes
(5 cm diameter). Cells were transfected by the calcium-phosphate
coprecipitation method and glycerol shock™L.

DNAs for transfection experiments were purified by CsCl gradient
centrifugation. 5 ug of each plasmid DNA were used per 5 em dish,
cotransfection assays contained equal amounts of both plasmid
DNAs.

2) CAT assay

48 h after transfection the cells were collected by trypsinization and
used for the CATassay as described?!),

Evaluation of CAT-assay: CAT-assays were evaluated by laser-
densitometric scanning of the radioautographed thin-layer plates
with the laser densitometer Ultroscan XL, LKB. The relation of
acetylated and non acetylated radioactive chloramphenicol was
determined.

Gel retardation assays

Hep G2 cell nuclear extracts were prepared according the method
of Dignam!*! and used as crude nuclear extracts for gel retardation
assays. 1-5 ng 5’ end-labelled fragments were used per 20-u! assay
containing 8-10 ug protein,

Oligonucleotides were 5'-end-labelled at one strand. After the
labelling reaction annealing was performed with a six-fold excess
over the complementary strand. For competition assays a 100-fold
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Fig. 1. Plasmid constructs providing
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molar excess of each competitor DNA was preincubated for 10 min
at room temperature with the protein before addition of the label-
led fragment. DNA-protein complexes were run on 4% non-de-
naturing polyacrylamide gels and oligonucleotide-protein com-
plexes on 8% non-denaturing polyacrylamide gels.

Results

In order to study the function of the intergenic region
of the apolipoprotein genes Al and CIII we used the
whole intergenic region and fragments derived from
this domain, bordering the apo Al and CIII gene.
These were linked to the 3’ end of the CATgene of the
pBLCAT2-vector!" in which the bacterial CAT gene
is under the control of the tk-promoter. Constructs, in
which the 5’-flanking regions of the apo Al and CIII
gene were cloned into the pUC19 vector, were used
for the cotransfections. Technical variations in the
CAT assay were eliminated by three and more tran-
sient transfection assays with independent DNA prep-
arations. pBLCAT2 served as a control in the cotrans-
fection experiments to demonstrate the influence of
the respective regulatory regions on CAT expression
under the control of the tk-promoter alone.

CAT gene expression with intergenic elements as
3'-flanking sequences

The non-coding region between the apo Al and CIII
genes is 2.1 kb in length. It has been cloned into
pBLCAT2 downstream of the CATgene in both orien-
tations as a 3.5-kb Sacl fragment, containing 417 bp of
the 3'-flanking region of the apo Al gene. It contains
977 bp of the 3'-flanking region of the apo CIII gene
including parts of its third intron. We named the
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A) the complete 2.1-kb intergenic region with adjacent 3'-coding sequence of apo CIII and AL, a) in pBLCAT2 (pBL2-inter. 17 and

41 with opposite orientation). b) in pUC19 (p-inter):

B) 1.5-kb Sacl/Pstl fragment containing the 3" end of the apo CIII gene: a) in pBLCAT2 (pBL2-1.5), b) in pUC19 (pL.5);
C) 0.8 kb Sacl/Pstl fragment containing part of the 3’ end of the apo Al gene a) in pBLCAT2 (pBL2-0.8), b) in pUCI9 (p0.8).
pBL2 constructs contain the tk promoter, the bacterial CAT gene and SV40 splicing and polyadenylation signals upstream of the re-

spective fragments.
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Fig.2. Plasmid constructs with 5'-noncoding region of a) the
apo Al gene in pUC19 (p5'Al). b) 1.7-kb EcoRI/Nael fragment
in pUC19 (p5'CIII). ¢) 300-bp fragment containing only the
CAAT- and TATA box in pUC19 (p5'CIII-300).

clones with opposite orientation of the insert pBL2-
inter 17 and 41 (Fig. 1Aa). Both clones gave compara-
ble results in the transient transfection assay. The gene
expression, measured as CAT activity, was slightly
stimulated compared to pBLCAT2 (Fig. 3a).

The interaction of the intergenic sequences with the
regulatory elements of the 5’ regions of apo CIII and
Al gene was studied in the following way: the 1.7-kb
EcoR1/Nael-fragment of the 5'-flanking region of the
apo CIII gene which contained 900 bp of the 5'-flank-
ing region upstream of the transcriptional start site,
was cloned into pUC19 (p5'CIII, Fig. 2b). Cotrans-
fection of this plasmid with pBL2-inter in both orien-
tations reduced the CAT activity but left the expres-
sion of pPBLCAT?2 unaltered (Fig. 3a). We observed
the same effect in a cotransfection experiment with
p5'CIII-300 that harbors only the weak stimulatory
element of the apo CIII 5'-flanking region (Fig. 2c,
Fig. 3b).

We cloned a 820-bp fragment of the apo Al 5'-flank-
ing region as Xholl/Saul fragment into pUCI9
(pS'Al Fig. 2a) and used this vector for the cotrans-
fection experiment in order to find out whether the
apo Al 5'-flanking region has a similar effect. Again,
although p5’'Al did not inhibit gene expression in the
control experiment with pBLCAT2 we found a reduc-
tion of the CAT activity in the cotransfection experi-
ment with pBL2-inter (Fig. 3b). In order to correlate
this imhibition with a specific interaction of the 5'-
flanking elements of the respective genes with the in-
tergenic region we studied the concentration depen-
dence of the effect. Equimolar amounts, half and
two-fold molar amounts of both DNA species, pBL2-
inter and the cotransfected respective 5'-flanking reg-
ion in pUC19, were used in the cotransfection experi-
ments. The inhibition of the CAT gene expression is
documented by the faint bands of the acetylated

radioactive chloramphenicol in the presence of the
low concentrations, the intensity of which increased
with decreasing amount of cotransfected DNA,
Fig. 3c.

We localized the regulatory regions more closely by
subdividing the intergenic region by restriction of the
Sacl fragment with Pstl. The resulting PstI and Pstl/
Sacl fragments were cloned into pBLCAT?2 at the 3’
end of the CATgene. The clones are named according
to the length of the inserted fragments pBL2-0.8,
pBL2-1.5, pBL2-1.0 and pBL2-0.3 (Fig. 1B, C, only
the clones of interest are shown). All clones expressed
nearly basic activity of pPBLCAT2 except pBL2-0.3
which was inactive. The activity of pBL2-0.8 and
pBL2-1.5 was reduced in the presence of both p5'Al
and p5'CIII (Fig. 4) as documented by laser densito-
metry in the legend to Fig. 4.

Our experiments suggest the inhibition on the tran-
scriptional level of gene expression by the interaction
of the intergenic region with elements of the 5'-flank-
ing region.

To find out whether DNA binding proteins are re-
sponsible for the observed effect, electrophoretic mo-
bility shift assays were carried out with fragments de-
rived from the putative regulatory regions. the 0.8-
and 1.5-kb fragment, Fig. 1. Does one protein bind to
several segments of the intergenic region in pBL2-0.8
and pBL2-1.5 or are several different DNA protein
complexes being formed? Do these proteins also bind
to motifs within the respective 5'-flanking regions, so
that the observed effect can be explained by a com-
petition for stimulatory transcription factors?

DNA binding proteins in intergenic regions

In the case of the apo CIII gene the regulatory ele-
ments within the 5’-flanking region are highly con-
served between man and rat but the intron sequences
and the 3’-flanking region show a homology of only
50%!%!. Therefore we used HepG2 cell-nuclear ex-
tracts for our protein binding assays. A 0.2-kb Hpall
fragment derived from p0.8, which starts immedi-
ately downstream of the coding region of the apo Al
gene formed two DNA protein complexes. This com-
plex formation can be competed by p0.8 but not by
pl.5, the Pstl/Sacl fragment flanking the 3’ end of the
apo CIII gene (Fig. 5a). This result strongly indicates
the specificity of this protein binding.

A 150 bp Haelll (HaeS) fragment derived from pl.5
also yielded two DNA-protein complexes. rep-
resented by two bands in the electrophoretic mobility
shift assay (Fig. 5b). Again the complex formation
could be inhibited only by p1.5 but not by any other of
the tested fragments.
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Fig.3. Silencer effect of the 5'-flanking region of apo CIII on
CATexpression by pBL2-inter.

Hep G2 cells were transfected with 5 pg of each plasmid DNA
a) to demonstrate the comparability of pBL2-inter in both
orientations:

pBLCAT2 pBL2-inter 41

+ pS'CII 17 + p5'CII

pBL2-inter 17 41 + p5'CIIL

b) to demonstrate the influence of different lengths of the apo
Al 5’-flanking region:

Fragment Normalized density of CAT constructs
1);0" pBEGAT: = & visiiiine 7 o & spmmiiiis o oo s 1.00
2) - pSICIRELTRD ™ oy s ptemnn o ) o sz e ool 5wt 1.55
3) + p5'CII 300 (containing only CAAT- and TATA box

of CIII flankingregion) . . . . ... «co e o v« 1.00
A)is pBIZEINTer: i s rarli sy sl 1.00
§)epSICIIII00E “ois 5w N R et e & 0.31
IS SRS 1B L RESEPEEEEE 0.27

Semi-confluent Hep G2 cells were transfected with the DNA
samples by Ca-phosphate coprecipitation, collected 48 h after
transfection and processed for CAT-assay (see Materials and
Methods).

¢) Concentration dependence of the silencer effect of apo Al
and CITI 5'-flanking regions on gene expression of pBL2-inter.
Lane 1. pBLCAT2: 2. pBLCAT2 + p5'Al equimolar: 3,
pBLCAT?2 + p5'CIII equimolar;

4, pBL2 inter: 5, pBL2 inter + p5'Al equimolar: 6, pBL2 inter
+ p5'CIII equimolar:

7. pBL2 inter + p5’Al half molar; 8, pBL2 inter + p5'Al twice
molar:

9, pBL2 inter + p5'CIII half molar; 10, pBL2 inter + p5'ClIL
twice molar.
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Fig.4. Silencer effect of apo Al
and CIII 5'flanking region on the
expression of pBL2-0.8 and
pBL2-1.5.

Semiconfluent Hep G2 cells were
transfected under the conditions
described under Materials and
Methods. The results of the CAT
assays with the different trans-
fected Hep G2 cells are given as
density normalized to basic CAT
activity of the respective CAT
constructs.

+ pS'Al

Normalized

1)pBLCAT2 10D
2) + pS'CIII 3.75

3) +p5'Al 2.00
4)pBL2-0.8 1.00
5) + p5'CII 0.21
6) +p5'Al 0.31
7) pBL2-1.5 1.00

8)+p5S'ClII  <0.01
9) + p5'Al < 0.01

Fig.5. Competition assay of fragments derived
from the 3’-flanking regions of the apo AI and
CIII genes.

1-5 ng *P-kinased fragments were incubated
with 8-10 pg crude Hep G2 cell nuclear extract.
For competition 100-fold molar excess of the in-
dicated competitor plasmid DNAs was preincu-
bated with the protein before addition of the
fragment.

a) Competition assay with Hpa I1-fragment de-
rived from p0.8.

b) Competition assay with Hae S-fragment de-
rived from pL.5.
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These experiments suggest the binding of different
proteins within the intergenic region but not to se-
quences within the 5’-flanking regions of the apo Al
and apo CIII gene. Therefore we exclude a competi-
tion mechanism for transcriptional activation factors
by sequences of the intergenic region. Instead the ex-
pression experiments suggest a similar mechanism
originating in this intergenic domain. Within the 3'-
flanking region of the apo CIII gene there are two
putative locations of a Sacl polymorphism, which has
been reported to be associated with hypertri-
glyceridemia. We constructed two sets of oligonuc-
leotides resembling this polymorphism, the wild-type
(HTG-1 and HTG-2) and the mutant sequence (M-
HTG-1 and M-HTG-2) of this 3'-flanking region of
apo CIII:

HTG-1 GACCTCAATACCCCAAGTCCACCTGCCTATCCATCC
M-HTG-1 GAGCTCAATACCCCAAGTCCACCTGCCTATCCATCC
HTG-2 CCATCCTGCCAGCTCCTTCGGTCCTG
M-HTG-2 CCATCCTGCGAGCTCCTTCGGTCCTG

Rt ] = ;2 e

< - g ‘5’ 2 @~ :zl ‘5’ S =2

L I T aaaXl T3 a aao

b o + + + 4+ + F + + P

® bo-

'c
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Fig.6. Competition assay of oligonucleotides HTG-1 and M-
HTG-1. 0.1-0.5 pmol *P-kinased ds-oligonucleotide were
treated as described in Fig. 5.

Competition experiments with plasmid DNA were carried out
with 2 ug DNA.

HTG-1 contained the nucleotides from 3203 to 3228
and HTG-2 the nucleotides from 3233 to 3258 of the
gene, HTG-1 formed three protein-DNA complexes
that could be competed by the oligonucleotide itself,
by pl.5, which contained this region, but also by M-
HTG-1 which yielded the identical pattern of protein-
DNA complexes.

HTG-2 formed two DNA-protein complexes which
seemed not to be specific according to their negative
competition behaviour. M-HTG-2 also yielded an
identical pattern but complex formation could not be
specifically inhibited.

Discussion

The experiments described here strongly suggest a
trans-interaction of elements of the 5'-flanking region
of the apo Al and CIII gene with the intergenic reg-
ion. We could also demonstrate the binding of differ-
ent proteins within this intergenic region. The 3'-
flanking regions of apo Al and CIII communicate
with the respective 5'-flanking regions. The existence
of an enhancer within a relevant 3'-flanking region
has been reported for the 8-globin gene!*!.

For our system we suppose an interaction of proteins
binding in the intergenic region with proteins binding
in the 5'-flanking regions which may prevent the
cooperation between the 5" enhancer factor and the
TATA box. This would reduce the expression level of
apo Al and CIII in uninduced cells. Induction with
cholesterol or other lipids, for example, would lead to
the dissociation of the silencer protein in a differen-
tiated way and allow transcription of the apo AI and
CIII genes with full efficacy. This model is supported
by the following observations:

Cholesterol increases apo Al transcription in Hep G2
cells™!, Mutations in the intergenic region are corre-
lated with h_\'pertriglyceridemia'l:':‘".The latter obser-
vation can be explained by our model: apo CIII has an
inhibitory effect on triacylglycerol lipase and also on
chylomicron remnant uptake by the liver™?’l. There-
fore the abundance of apo CIII protein would induce
hypertriglyceridemia. The observed mutations might
not necessarily result in a complete suppression of the
silencer effect. Even a reduced binding affinity to the
silencer protein would diminish the down regulation
after induction.

Similar silencer effects are reported for IFN-3, where
the silencer element is localized in the 5’-flanking reg-
ion and can be reversed by induction™, for the globin
gene® and for the rat insulin-1 gene®®!. None of
these regulation mechanisms are understood on the
molecular level at the moment.
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Direct repeats are often binding sites for specific pro-
teins. Screening of our sequence for such elements re-
vealed the 9 bp direct repeat CTGGACGAC in both
p0.8 and pl.5.

pl.5 contains a number of additional 9 and 10 bp long
direct and inverted repeats. However. oligonucleo-
tides derived from the common motifs as well as from
one other direct repeat did not show specific protein
binding.

We cannot exclude a regulatory mechanism on the
posttranscriptional level. Further experiments will
prove whether the protein-DNA complexes are re-
sponsible for the observed silencer effect and whether
they are able to interact with the proteins of the 5'-
flanking regions. This point is of particular interest in
view of a silencer element within the 5'-flanking reg-
ion of the apo CIII gene (15) which might cooperate
with the appropriate elements within the intergenic
region. Further insight in this interactive system of
apo Al and CIII gene expression is needed because of
its relevance for the homeostasis of the serum lipopro-
tein and lipid levels.

This work was supported by the Deutsche Forschungsge-
meinschaft SFB 74. We thank M. Jacob for DNA sequencing
and R. Miiller for oligonucleotide syntheses.

References

1 Brown, M.S. & Goldstein, J.L. (1983) Annu. Rev. Bio-
chem. §2,223-261.

2 Gotto. A.M., Pownall, H.J. & Havel, R.J. (1986) Methods

Enzymol, 128, 3-41.

Lusis, A.J. (1988) J. Lipid Res. 29, 397-429.

4 Oram, J.E., Albers. J.J., Cheung, M.C. & Bierman, E.L.
(1981) J. Biol. Chem. 256, 8348—-8356.

5  Bukberg. P.R.. Ngoc-Anh Le, Ginsberg, N.H., Gibson,
J.C., Rubinstein, A. & Brown, W.V. (1985) J. Lipid Res.
26, 1047-1057.

6  Ngoc-Anh Le, Gibson, J.C. & Ginsberg, H.N. (1988) J.
Lipid Res. 29, 669-677.

7  Fielding, C.J., Shore, V.G. & Fielding, PE. (1972)
Biochem. Biophys. Res. Commun. 46, 1493-1498,

W

Brown, W.V. & Baginsky. M.L. (1972) Biochem. Biophys.
Res. Commun. 46, 375-382.

Ginsberg, H.N.. Ngoc-Anh Le, Goldberg, I.J., Gibson,
I.C.. Rubinstein, A., Wang-Iverson, P.. Norum. R. &
Brown.W.V. (1986) J. Clin. Invest. T8, 1287-1295.
Winder, E., Choo.Y. & Havel, R.J. (1980) J. Biol. Chem.
255, 5475-5480.

Forte, T.M., Nichols, A.V. & Krauss. R.M. (1984) /. Clin.
Invest. 74, 1601-1613.

Ordovas, J.M., Schaefer. E.J.. Salem, D.. Ward, R.H.,
Glueck, C.J.,Vergani, C. & Wilson, PW. (1986) New Engl.
J. Med. 314, 671-677.

Karathanasis, S.K. (1985) Proc. Natl. Acad. Sci. U.5.A.
82, 6374-6378.

Sastry, K.N., Seedorf, U. & Karathanasis, S.K. (1988)
Mol. Cell. Biol. 8, 605-614.

Reue, K., Leff, T. & Breslow, I.L. (1988) J. Biol. Chem.
263, 68576864

Maniatis, T., Fritsch, E.F. & Sambrook, J. (1982) Molecu-
lar Cloning - A Laboratory Manual, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York.

Haase, A. & Stoffel, W, (1988) Biol. Chem. Hoppe-Seyler
369, 585-593.

Janish-Perron, C.,Vieira, J. & Messing, I. (1985) Gene 33,
103-119.

Luckow, B. & Schiitz, g. (1987) Nucleic Acids. Res. 15,
5490,

Graham, EL. & von der Eb. A.J. (1973) Virology 52, 456—
457.

Gorman, C.M., Moffat. L.F. & Howard. B.H. (1982)
Mol. Cell. Biol. 2, 1044-1051.

Dignam, J., Lebovitis, R. & Roeder, R. (1983) Nucleic
Acids Res. 11, 1457-1489.

Hadded, J.A., Ordovas. I.M., Fitzpatrick, T. & Kara-
thanasis, S.K. (1986) J. Biol. Chem. 261, 13268-13277.
Behringer, R.R.. Hammer, R.E., Brinster. R.L., Palmi-
ter, R.D. & Townes, T.M. (1987) Proc. Natl. Acad. Sci.
U.S.A. 84, 7056-7060.

Monge, 1.C., Hoeg, ].M., Law, S.W. & Brewer, H.B., Jr.
(1989) FEBS Ler. 243, 213-217.

Rees, A.. Stocks, J., Shoulders, C.C., Galton, D.J. &
Baralle, EE. (1983) Lancet i. 444-446.

Ginsberg, H.N., Ngoc-Anh Le, Goldberg, 1.J., Gibson,
J.C., Rubinstein, A., Wang-Iverson, P.. Norum, R. &
Brown.W.V. (1986) J. Clin. Invest. T8, 1287-1295.

Fujita, T.. Sakakibara, J.. Sudo, Y., Miyamoto, M., Kim-
ura. Y. & Tanigushi. T. (1988) EMBO J. 7, 3397-3405.
Atweh. G.E. Liu, J.M., Brickner, H.E. & Zhu, X.X.
(1988) Mol. Cell. Biol. 8, 5047-5051.

Laimins, L., Helmgren-Konig, M. & Khoury, G. (1986)
Proc. Natl. Acad. Sci. U.S.A. 83, 3151-3155.

A. Haase and W. Stoffel*, Institut fiir Biochemie, Medizinische Fakultit der Universitit zu Koln,

Joseph-Stelzmann-Str. 52, D-5000 K&ln 41.

* To whom correspondence should be addressed.



