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reported (5-10). Especially, genetic linkage analyses
Angiotensinogen is the precursor protein of angio- proposed association between hypertension and molec-

tensin II that is involved in regulating blood pressure ular variants of the human angiotensinogen (hAG)
and electrolyte homeostasis, and it is mainly synthe- gene promoter which may affect its transcriptional reg-
sized in the liver. In the present study, we analyzed ulation (11).the human angiotensinogen proximal promoter region Our previous studies have shown that cis-acting ele-by means of Chloramphenicol acetyltransferase

ments located at nucleotide positions 01222 to /44 areassays, and suggested that the region from0106 to/44
sufficient for the hAG gene expression in transientlyis sufficient for hepatoma cell line (HepG2)-specific ex-
transfected human hepatoma HepG2 cells, and in thepression. Electrophoretic mobility shift assays using
liver of the transgenic mice (12, 13). In particular, theALE (ATF-like element, 0102 to 087) fragment identi-
150-bp proximal promoter region is sufficient for he-fied CREB/ATF family nuclear factors and novel ones,
patic hAG promoter activity, suggesting the presenceALF (ALE-binding factor). The deletion and in vivo
of cis-acting elements (14). Furthermore, we recentlycompetition of ALE decreased the human angioten-
identified several regulatory elements of the hAG genesinogen promoter activity. Furthermore, the heterolo-
including the upstream region (hASR), the core pro-gous promoter analysis demonstrated that ALE acts as

a HepG2-dependent activating element. These results moter element (AGCE1), and the downstream en-
indicate that ALE plays an important role in hepatic hancer elements (15-18). Although the downstream en-
expression of human angiotensinogen gene. q 1997 hancer acts in a HepG2-dependent manner (17, 18), no
Academic Press exact cell type-dependent cis-elements in the promoter

region have been reported. In the present study, to
further define regulatory elements and trans-factors
that participate in the control of hepatic hAG expres-Angiotensinogen is the precursor protein of angioten-
sion, we have analyzed its proximal promoter regionsin II that acts as a physiologically important regulator
and identified CREB/ATF family nuclear factors andof blood pressure and electrolyte homeostasis as well
novel ones, ALF (ALE-binding factor), that bound toas a growth factor of cardiac myocytes (1-4). Recently,
ALE (ATF-like element, 0102 to 087).association between molecular variation of the angio-

tensinogen gene and diseases including pre-eclampsia,
MATERIALS AND METHODScoronary atherosclerosis, myocardial infraction, and

nephropathy in insulin-dependent diabetes have been
Plasmid constructions. The hAG promoter-chloramphenicol ace-

tyltransferase (CAT) chimeric constructs were made as follows:
DM10cat, DM10.5cat, DM11cat, and DM12cat contained 150-bp1 Research Fellow of the Japan Society for the Promotion of Sci-

ence. (0106 to /44), 118-bp (074 to /44), 103-bp (059 to /44), and 76-
bp (032 to /44) fragments, respectively, and these DNA fragments2 To whom correspondence and reprint requests should be ad-

dressed at Institute of Applied Biochemistry, University of Tsukuba, were subcloned into the BglII/HindIII sites of SV0cat (14). DM10cat
was used as a template to construct internal deletion of ALE byTsukuba, Ibaraki 305, Japan. Fax/Tel: 81-298-53-6599 (or Fax: 81-

298-53-4605). E-mail: akif@sakura.cc.tsukuba.ac.jp. oligonucleotides-directed mutagenesis (19). After the internal dele-
tion mutation was obtained and confirmed by sequencing, the alteredAbbreviations: bp, base pair; CAT, chloramphenicol acetyltransfer-

ase; hAG, human angiotensinogen; EMSA, electrophoretic mobility 140-bp fragment was subcloned into the BglII/HindIII sites of
SV0cat. A competitive plasmid, pUC-ALE, was constructed by fusingshift assay; C/EBP, CCAAT enhancer-binding protein; CREB, cyclic

adenosine monophosphate response element-binding protein; ATF, the eight head-to-tail tandem repeats of ALE (0102 to087) fragment
into BamHI site of pUC119. Herpes simplex virus (HSV) thymidineactivating transcription factor; ALE, ATF-like element; ALF, ALE

binding factor. kinase (tk) promoter (0109 to /19)-CAT chimeric gene, tkcat, was
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one positive regulatory element existed at the position
from 0106 bp to 075 bp.

To investigate the binding activities of nuclear fac-
tors for the hAG promoter, EMSA was performed using
the dissected DNA fragments that cover with the up-
stream region, as the probes. The upstream region con-
tained ATF-like element (ALE), CT-rich sequences, and
palindromic sequences (FIG. 2A). Incubation of ALE
fragment with the nuclear extracts produced from
HepG2 cells produced several retarded complexes,
which represented a sequence-specific interaction,FIG. 1. 5*-Deletion analysis of the human angiotensinogen proxi-
since the formation of these complexes was specificallymal promoter. Left, 5*-deletion constructs of the hAG promoter-CAT

hybrid genes. Thick horizontal lines and open boxes marked by CAT reduced with molar excess of unlabeled competitors
represent the promoter sequences and CAT vector sequences, respec- (FIG. 2B, lanes 1, 2 and 8). However, no specific com-
tively. The constructs used are listed to the right. Right, HepG2 and plex was produced with incubation of CT/P fragment
T98G cells were transfected with 3 mg of the indicated CAT vectors

(data not shown). Because some basic region/leucineand 1 mg of the b-galactosidase expression plasmid (pCH110) as an
zipper (bZIP) classes of DNA binding proteins (26, 27)internal control for transfection efficiency. After 48-h culture, b-ga-

lactosidase activities were measured and extracts containing equiva- could bind to the same motif in ALE (24, 28, 29), we
lent amounts of b-galactosidase activities were used for CAT assays. characterized ALE-binding factors using competition
The CAT activity of SV3cat is designated as 100 and each value of
CAT activity represents the mean { S. E. for at least four indepen-
dent experiments.

constructed as described previously (20). ALE4tkcat was constructed
by inserting four copies of ALE fragment at the upstream of the tk
promoter.

Cell culture and transient expression assays. HepG2 and T98G
cells were maintained as described previously (21). Transient trans-
fection of DNA by the calcium phosphate precipitation using Cell-
Phect Transfection Kit (Pharmacia), CAT assay, and normalization
of transfection efficiency by b-galactosidase assay were carried out
essentially as described previously (16). The extent of conversion of
chloramphenicol to its acetylated form was measured with a Bio-
imaging analyzer (Model BAS2000; Fujix, Tokyo, Japan). All experi-
ments were performed at least six times for each construct.

Preparation of nuclear extracts. Nuclear extracts from HepG2
cells were prepared using the protocol of Dignam et al. (22). The final
protein concentration was about 5 mg/ml.

Electrophoretic mobility shift assays (EMSA). EMSAs were per-
formed as described previously (16). Sources of the oligonucleotide
sequences for competition analysis are as follows: the palindromic
CREB/ATF site (23), the asymmetric CREB/ATF site (24), C/EBP
site (25) and AP-1 site (GELSHIFT KIT, Stratagene).

RESULTS

To identify potential elements that contribute to he- FIG. 2. Identification of sequence-specific nuclear factors using
different portions of the upstream promoter sequences. A, On thepatic hAG gene expression, we analyzed its proximal
top, the upstream promoter sequences of hAG gene, ATF-like motifpromoter coupled to the CAT gene. The 150-bp region is
is represented. Below, the oligonucleotides used to detect specificfunctional in transiently transfected HepG2 cells which interactions between the upstream promoter sequences and nuclear

endogenously express hAG mRNA, but not in T98G factors are indicated by thick horizontal lines. B, EMSA. The indi-
cells which do not endogenously express it (21) (FIG. cated double-stranded oligonucleotides were end-labeled with T4 po-

lynucleotide kinase using [g-32P]ATP. Five mg of HepG2 nuclear ex-1). There was a reduction in CAT activity, when the
tract were incubated with 0.5 ng of 32P-labeled probe. In a competi-upstream sequence was eliminated further up to 074
tion assay, 200-fold molar excess of the unlabeled oligonucleotides, asbp. These results suggested that the proximal promoter indicated for each lane, was added to the reaction mixture. Binding

region from 0106 bp to /44 bp was sufficient for cell reactions were resolved by 4.5% acrylamide, 11TBE electrophoresis.
A specific nuclear factor, ALF and *, are indicated.type-specific hAG promoter activity and that at least
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FIG. 3. Functional characterization of ALE-binding factors. A, Internal deletion of ALE. Thick horizontal lines and hatched line represent
wild-type promoter sequences and internal deletion whose positions are indicated below the line, respectively. Right, HepG2 cells were
transfected with the indicated CAT vectors, and CAT assays were performed as described in FIG. 1. The CAT activities are presented
relative to that of the DM10cat construct. Thin lines represent the S. E.; n Å 8 to 10. B, In vivo competition analysis of the ALE. A
competitive plasmid, pUC-ALE, containing eight head-to-tail tandem repeats of the ALE fragment was used in this experiment. Two
micrograms of reporter plasmids [SV3cat or DM10cat] were cotransfected with 1, 2, or 4 mg of pUC-ALE. Total amounts of DNA were
adjusted to 6 mg by pUC119, and CAT assays were performed as described in FIG. 1. The CAT activity of each reporter plasmid, cotransfected
with 4 mg of pUC119, is designated as 100 and each value of CAT activity represents the mean { S. E. for at least four independent
experiments. C, Cell type-specific function of ALE. Oval represent HSV-tk promoter. Transfection and CAT assays were performed as
described in FIG. 1. The CAT activity of tkcat is designated as 1, and each value of CAT activity represents the mean { S. E. for at least
four independent experiments.

assays. The formation of minor complexes marked by etate did not affect the endogenous angiotensinogen
mRNA expression and the CAT activity of DM10cat inan asterisk could be prevented completely by palin-

dromic CREB/ATF site (smsCRE), asymmetric CREB/ HepG2 cells (unpublish results). Furthermore, C/EBP
expression vector had no effect on the CAT activity ofATF site (E4/ATF), C/EBP site (C/EBP), and AP-1 con-

sensus sequences (AP-1). Interestingly, the major com- DM10cat, although it could activate the CAT activity
of the C/EBP8DM12cat which contained eight copiesplexes marked by ALF (ALE binding factor) were not

dissociated by smsCRE, E4/ATF, C/EBP and AP-1 sites of C/EBP consensus binding site in DM12cat (data not
shown). These results indicate that CRE, AP-1, and C/(FIG. 2B, lanes 4-7). ALF-binding activity was also de-

tected in mouse liver nuclear extract (data not shown). EBP were not major effectors on human angiotensino-
gen transcription. Finally, to evaluate the role of ALEThese results suggested that several bZIP superfamily

bound to ALE as minor complexes, but ALF repre- on the cell-type dependent hAG promoter activity, four
copies of ALE were linked upstream of the HSV tksented a novel binding activity.

To assess the role of ALE in the native promoter promoter-CAT hybrid gene. ALE could activate the tk
promoter in HepG2 cells, but failed to function in T98Gcontext, the internal deletion was introduced into the

proximal promoter region. We could not use substitu- cells (FIG. 3C). Taken together, these results suggest
that ALE plays a key role in hepatic activation of thetion mutation in order to avoid the generation of new

binding sequences for the other bZIP-superfamily. As hAG promoter.
shown in FIG. 3A, the deletion of ALE significantly
decreased the proximal promoter activity in HepG2 DISCUSSION
cells. To confirm the functional importance of ALE-
binding factors, we performed in vivo competition ex- It has been reported that several bZIP classes of

DNA-binding proteins, such as ATF-1, ATF-2, C/EBP,periments (FIG. 3B). The various amounts of pUC-
ALE, which included 8 tandem copies of ALE in E4F, and E4BP4 can bind to TGATGTAA (ALE), as a

homodimer. However, these factors are different frompUC119, were cotransfected with DM10cat or SV3cat.
The CAT activity derived from DM10cat decreased ALF in the point that they also bind to TGACGTAA

(ATF/E4F) (24, 28, 29) (FIG. 2). The bZIP superfamilywith sequential titration of ALE-binding factors, al-
though the activity driven from a negative control, functions as not only homodimers but also heterodim-

ers, and variation in dimer pairing may differentiallySV3cat, was little influenced. Next, we conducted
Northern blottings and CAT assays to obtain the infor- affect target gene transcription or allow recognition of

different DNA-binding specificity. For example, Vallejomation about bZIP proteins binding to ALE on the hu-
man angiotensinogen transcriptional activity. How- et al. (30) have shown that the C/ATF-C/EBPb hetero-

dimer bound to asymmetric CREs that are not recog-ever, cyclic AMP and 12-O-tetradecanoylphorbol-13-ac-
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