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ABSTRACT: In a previous paper we presented evidence for the existence of at least two a;-acid glycoprotein
(AGP) genes in the mouse. One of the cDNA clones characterized in those studies was used to isolate several
unique AGP genomic clones. In these studies we present the complete sequence of one of the mouse AGP
genes. The sequence analysis includes 595 base pairs (bp) 5’ to the site of initiation of transcription and
135 bp 3’ to the polyadenylation signal. This mouse AGP gene, designated AGP-1, has six exons, a structure
similar to those of the AGP genes in rats and humans. Analysis of the sequence has revealed a number
of potential regulatory sites. These include a run of alternating purine—pyrimidine bases [(GT),] at +2890
to +2945, flanked by three potential glucocorticoid receptor binding sites within intron 5. Two of these
TGTTCT at +3069 to +3074 and +3082 to +3087 flank the (GT), track at its 3’ end, and one, which is
oriented in the opposite direction (AGAACA), at +2771 to +2776 flanks the track at its 5 end. A longer
version of the glucocorticoid receptor site, GGGTACAATGTGTCCT, has been located in the 5 flanking
region of the gene (-94 to —79); the sequence AGAACA is another potential glucocorticoid receptor site
oriented in the opposite direction and located at =127 to —122. This entire region, from —146 to ~42, in
the mouse has a strong homology (~85%) to the 5’ flanking region of the rat AGP gene, which contains
a 78-bp fragment (—120 to —42) that represents the minimal sequence required for glucocorticoid regulation.
A sequence of 38 nucleotides (—22 to +16) that is homologous to similarly located sequences previously
observed in three human acute-phase proteins has also been identified. We suggest that this sequence may
represent an acute-phase protein regulatory element.

a;-Acid glycoprotein (AGP), also known as orosomucoid,
is a M, 44000 component of mammalian serum. In humans,
the circulating amounts of AGP, and other acute-phase pro-
teins, increase dramatically following a physiological insult
such as acute inflammation, bacterial infection, major surgery,
or burns (Koj, 1974). The biological significance of the
acute-phase response is not well understood. Nevertheless, the
reaction must have an important physiological role as the
acute-phase proteins are highly conserved in evolution, and
normal levels of these proteins are maintained even during
severe malnutrition (Schmid, 1975; Ricca & Taylor, 1981;
Ricca et al., 1982; Friedman, 1983).

The synthesis and secretion of the acute-phase proteins,
including AGP, can be induced by injection of inflammatory
agents such as turpentine. Both dexamethasone and a hepa-
tocyte stimulating factor have also been shown to induce at
least some of the acute-phase proteins (Ritchie et al., 1982;
Baumann et al., 1983a,b, 1984a,b; Ritchie & Fuller, 1983).
Studies with rats have indicated that, at the maximum point
of induction by turpentine, the mRNA coding for AGP be-
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comes one of the most abundant mRNA species in the liver
(Northemann et al., 1983). Reports have been published in
which both transcriptional and posttranscriptional mechanisms
have been proposed for the regulation of the AGP gene ex-
pression in the rat (Vannice et al., 1984; Kulkarni et al., 1985).
Changes in AGP mRNA pool levels, induced by dexa-
methasone in a rat hepatoma cell line, were reported to be due
to stabilization of the primary AGP transcript and the efficient
processing of this transcript to form a mature, functional
cytoplasmic mRNA. This mechanism may be mediated by
a protein factor whose synthesis is regulated by the gluco-
corticoid (Vannice et al., 1984). A more recent report on the
effects of dexamethasone and turpentine in rats indicates that
AGP regulation, at least in vivo, occurs at the transcriptional
level (Kulkarni et al., 1985).

Previously, we reported the existence of at least two AGP
genes in the mouse (Copper & Papaconstantinou, 1986).
These conclusions were based on the sequence analysis of
c¢DNA clones from a liver cDNA library. Our more recent
work on sequence analysis of genomic clones shows the ex-
istence of an additional AGP gene in the mouse (unpublished
observations). These data could explain the results of Bau-
mann et al. (1984a,b), who observed multiple forms of AGP
on two-dimensional protein gels. We wish, ultimately, to
establish whether various mouse AGP genes are coordinately
or differentially regulated in response to inducers such as
inflammatory agents or hormones. As a first step toward this

© 1987 American Chemical Society
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goal, we now present the complete sequence of one of the
mouse AGP genes, i.c., mouse AGP-1. We also demonstrate
the existence of a number of putative regulatory sites, including
a run of alternating purine—pyrimidine bases [(GT),] flanked
at its 3’ end by a pair of glycocorticoid receptor binding sites
(TGTTCT) and at the 5’ end by a single receptor site that is
oriented in the opposite direction (AGAACA). A longer
version of this receptor binding site, GGGTA-
CAATGTGTCCT, has been located in the 5’ flanking region
of the gene. This site is flanked by another receptor binding
site oriented in the opposite direction (AGAACA), which is
located 27 nucleotides upstream. In addition, a highly con-
served sequence of 38 nucleotides, localized between the TA-
TAA box and the initiation codon, shows strong homology to
the corresponding regions of other acute-phase protein genes
(Dente et al., 1985).

MATERIALS AND METHODS

Materials. Restriction enzymes were purchased from
Bethesda Research Laboratories (Gaithersburg, MD), In-
ternational Biotechnologies, Inc. (New Haven, CT), and
Amersham Corp. (Arlington Heights, IL). The Bal31 exo-
nuclease (fast form) was from International Biotechnologies,
Inc. Calf intestinal phosphatase was from Boehringer
Mannheim (Indianapolis, IN) or Pharmacia, Inc. (Piscataway,
NJI). T4 DNA polymerase was from Pharmacia, Inc. T4
DNA ligase and Escherichia coli DNA polymerase I (Klenow
fragment) were purchased from Amersham Corp. Dideoxy-
DNA sequencing was carried out with sequencing kits from
Bethesda Research Laboratories, Inc., or International Bio-
technologies. Nick translation was carried out with a kit from
Bethesda Research Laboratories. [*?P]JdCTP (3000 Ci/mmol)
and [e-*’S]deoxyadenosine 5'-(thiotriphosphate) was from
Amersham Corp. or New England Nuclear (Boston, MA).
Nitrocellulose was from Millipore Corp. (Bedford, MA) or
Schleicher & Schuell (Keene, NH).

Isolation of Genomic Clones. A Balb/c mouse embryo
library, generated by a partial Mbol digestion and insertion
into the BamHI cloning site of Charon 28 (a gift from Dr.
Philip Leder), was screened for AGP sequences with a mouse
¢DNA clone (pPMAGP4) previously isolated (Cooper & Pa-
paconstantinou, 1986). Approximately 1.1 X 105 phage were
plated onto five large pans, transferred to nitrocellulose, alkali
treated, and neutralized, and the DNA was fixed to the filter
as described (Benton & Davis, 1977). The insert from an AGP
cDNA clone (pMAGP4) was isolated and purified over a
NACS column (Bethesda Research Laboratories) and labeled
with 32P by nick translation. This probe was hybridized to the
filters in 50% deionized formamide, 5% SSC (1X SSC is 0.15
M NaCl, 0.015 M sodium citrate), 50 mM phosphate buffer
(pH 6.5), 200 ug/mL sheared and denatured salmon sperm
DNA, Denhardt’s solution [0.02% each of ficoll, poly(vinyl-
pyrrolidone), and bovine serum albumin], and 1 X 10® ¢cpm
of probe for 36 h at 42 °C. The filters were washed 4 times
at room temperature in 2X SSC-0.1% SDS and 3 times at
50 °Cin 0.1X SSC-0.1% SDS with an abundant amount of
each solution. The filters were then dried and autoradio-
graphed for 2 days on Kodak X-omat film with a Du Pont
Cronex Lightning Plus intensifying screen at =90 °C. Positive
signals were rescreened at lower plaque densities until single
plaques could be identified.

Analysis of DNA from Genomic Clones. DNA from the
genomic clones was prepared according to the method of
Enquist et al. (1979) except that 30 mM MgSO, was included
in the L broth. Restriction enzyme digestions were carried
out following the supplier’s recommendations. In general, 1
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pg of DNA was digested with 10 units of enzyme for 1-3 h
at 37 °C. One-half volume of 25% glycerol, 5% SDS, and
0.5% bromophenol blue was added to stop the reactions. Gel
electrophoresis was carried out in 1% agarose in TAE [40 mM
tris(hydroxymethyl)aminomethane (Tris), 5 mM sodium
acetate, | mM ethylenediaminetetraacetic acid (EDTA), pH
7.8] at 40 V for approximately 16 h. DNA was transferred
to nitrocellulose as previously described (Cooper et al:; 1984).
Hybridizations were carried out as described above. BamHI
restriction fragments were subcloned into the plasmid pBR322,
and DNA was prepared according to a procedure described
by Norgard et al. (1979).

Generation of Bal3l Deletion Clones for Sequencing. Se-
quencing of the two BamHI fragments containing one of the
AGP genes was approached according to a technique to
generate Bal31 deletion clones (Poncz et al.,, 1982) with
modifications by Alsip and Konkel (1984). Briefly, the
pBR322 subclones containing the fragments of interest were
initially cleaved with a restriction enzyme that cut only once
within the pBR322 portion of the plasmid and close to the site
of insertion. The exonuclease Ba/31 was then used to digest
the linear DNA molecule for 1-10 min. Approximately 0.42
pmol of DNA per time point was digested with 0.19 unit of
Bal31 (fast) in the buffer provided at 30 °C. These conditions
yielded an approximate rate of digestion of 150 bp min™! end™.,
The reactions were stopped by adding ethylene glycol bis(3-
aminoethyl ether)-N,N,N’,Ntetraacetic acid (EGTA) up to
15 mM and carrier tRNA, purified over a Cellex D column,
followed by a phenol—chloroform (1:1) extraction. At this
stage, 5" or 3’ protruding ends were filled in with T4 DNA
polymerase by incubation at 37 °C for 10 min in 33 mM
Tris—acetate (pH 7.9), 66 mM potassium acetate, 10 mM
magnesium acetate, 0.1 mM dNTPs (dGTP, dATP, dTTP,
dCTP), 0.5 mM dithiothreitol, 0.1 mg/mL bovine serum al-
bumin (BSA), and 1.0 unit of T4 DNA polymerase. The
reactions were stopped by the addition of EDTA to a final
concentration of 20 mM. The processed DNAs were then
digested with BamHI and a second restriction enzyme that
cut within the pBR322 portion of the plasmid at only one site.
This combination of restriction digests allowed us to clone only
the progressively shortened insert fragments (blunt and BamHI
cohensive ends) into a bacteriophage M13 vector (Yannisch-
Perron et al., 1985) cut with BamHI and Hincll so that the
processed (blunt) end lay proximal to the primer annealing
site. A similar strategy was employed to sequence the opposite
strand. Some additional M13 clones necessary for obtaining
a complete sequence in both directions were generated by
cloning particular restriction fragments.

DNA Sequencing. Sequencing was carried out by the
Sanger chain termination method and with [a-33S]thio-dATP
as a label, a gradient gel being used (Sanger et al., 1977; Biggin
et al., 1983; Alsip & Konkel, 1984). Sequence data were
analyzed by a computer program designed by Dr. James M.
Pustell, Harvard University.

Nuclease S1 Analysis. The 5 transcription initiation site
of the AGP-1 gene was determined by nuclease S1 mapping
of AGP RNA. Briefly, a restriction fragment that included
633 bp 5 to the ATG encoding the first methionine residue
and terminating at a Hincll site within the first exon was
isolated. The 5’-phosphate groups were removed by treatment
with calf intestinal alkaline phosphatase (Maniatis et al., 1982),
and the fragment was then end-labeled with [3?P]dATP by
use of T4 polynucleotide kinase (Amersham Corp.) (Maniatis
et al., 1982). This labeled fragment was then annealed to
partially purified poly(A)-containing RNA obtained from a
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FIGURE 1: Partial restriction map of mouse AGP-1 gene (MAGP31).
The solid black lines represent the insert into the BamHI site of Charon
28. The short (left) and long (right) arms of Charon 28 are represented
by the open boxes. Exons are represented by solid boxes. The complete
sequencing strategy is shown, where arrows represent the extent and
direction of each sequencing reaction. Restriction enzymes: B =
BamHI, E = EcoRI, P = Pstl, Pv = Ppull, and H = HindIIl.

turpentine-injected mouse under conditions that promoted the
formation of DNA-RNA hybrids but minimized DNA-DNA
hybrids (Maniatis et al., 1982; Favaloro et al., 1980) [80%
deionized formamide, 0.4 M NaCl, ] mM EDTA, 40 mM
1,4-piperazinediethanesulfonic acid (PIPES), pH 6.4, at 50
°C for 3 h after first heating to 80 °C for 15 min to denature
the nucleic acids]. The annealed nucleic acids were then
treated with nuclease S1 (400 units/mL) for 30 min at 37 °C
(Maniatis et al., 1982). The reaction was stopped with EDTA,
the solution extracted with phenol—chloroform (1:1), and the
DNA precipitated with ethanol. The DNA pellet was dissolved
in 10 xL of 5 mM Tris-HCI, pH 7.5, 10 mM EDTA, 50%
deionized formamide, and 0.05% bromophenol blue, boiled for
3-5 min, and loaded onto a buffer gradient polyacrylamide
sequencing gel and electrophoresed 2.5 h at 35 mA. The gel
was dried and exposed with XAR film for 5-7 days at -70
°C with an intensifying screen.

RESULTS

Isolation and Sequencing of Mouse AGP-1 Gene. In a
previous publication we provided evidence, based on sequence
analysis of cDNA clones, for the existence of at least two AGP
genes in the mouse (Cooper & Papaconstantinou, 1986). One
of the cDNA clones (pPMAGP4) was used to screen a mouse
genomic library for AGP sequences. A total of five unique
clones were identified, one of which, MAGP31, was initially
chosen for further study. Southern blotting of various re-
striction digests and subclones (data not shown) gave rise to
a restriction map for MAGP31 (Figure 1). These experiments
suggested that the entire coding region of one AGP gene is
within the 2.3- and 2.4-kb BamHI fragments of MAGP31.
Both of these fragments were sequenced with exonuclease
Bal31 to generate an overlapping series of deletion fragments
that could then be selectively cloned into appropriate M13
sequencing vectors (Poncz et al., 1982). In most regions more
than two templates, from opposite DNA strands, were used
to deduce the correct sequence. A diagram of the complete
sequencing strategy can be seen in Figure 1. Our data establish
the sequence for one of the mouse AGP genes, which we
named AGP-1 (Figure 2). [t includes 595 bp 5’ to the mRNA
initiation site and 135 bp 3’ to the polyadenylation signal,
AATAAA. The mouse AGP-1 gene has six exons and five
introns, a structure exactly analogous to both rat (Liao et al.,
1985; Reinke & Feigelson, 1985) and human (Dente et al.,

' 1985) genes. Each of the introns follows consensus rules for
splice junctions and lariat branch point sequences (Breathnach
& Chambon, 1981; Padgett et al., 1984). The sequence of
the exons agrees exactly with the sequence we reported for the
c¢DNA clone pMAGP4 (Cooper & Papaconstantinou, 1986),
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with the exception of two differences at positions +1805 and
+3237. In the cDNA we observed a T at each position, while
in the genomic sequence we find a C at each position. Both
these differences occur at the third position of the codon at
each point. In both cases the amino acid encoded remains the
same despite the single nucleotide transitions. This minor
divergence in sequence could be attributed to strain differences
in the mice used to generate each library. The ¢cDNA library
was derived from SWR/J mice while the genomic library was
generated from Balb/c mice.

AGP-1 Transcriptional Initiation Sites. The site of initi-
ation of mRNA synthesis was determined by nuclease Sl
analysis. A restriction fragment was isolated that included
the entire 5’ flanking region and that terminated at a Hincll
site within the first exon. Nuclease S1 analysis using this
fragment annealed to partially purified liver poly(A)-con-
taining RNA gave rise to fragments 109, 110, 115, 116, 117,
and 118 nucleotides in size (Figure 3), placing the putative
initiation sites at the positions underlined by equal signs be-
ginning 38 bp 5" to the ATG in Figure 2. The multiple bands
observed could be explained by hypothesizing that there are
two initiation sites or that the AGP mRNA is transcribed from
two different genes with slightly different initiation sites. We
cannot at this time distinguish between these two possibilities.
Interestingly, in the rat AGP gene two transcriptional start
sites, four bases apart, have been found (Reinke & Feigelson,
1985). Hence, two start sites in the mouse AGP-1 gene is a
distinct possibility. We propose that the major site of mMRNA
initiation in this gene is that marked by the strongest, i.e., the
110-nucleotide, band. This nucleotide corresponds to an A
and has been numbered +1 in Figure 2. This agrees with the
observation that most eucaryotic mRNAs initiate transcription
with an A residue (Breathnach & Chambon, 1981).

Putative Regulatory Sites in Mouse AGP-1 Gene. Exam-
ination of the sequence 5’ from the initiation site reveals a
TATAA box at position —33 and a possible CAAT box,
CCAAG, at position -103. Because AGP is induced by glu-
cocorticoids, we searched the AGP-1 gene sequence for the
glucocorticoid receptor binding hexamer TGTTCT or its re-
verse complement AGAACA (Slater et al., 1985; Karin et al.,
1984) and found it present 7 times at positions =127, +101,
+975, +2213, +2771, +3069, and +3082 (Figure 2). Three
of these sequences, at position +2771 and a pair at +3069 and
+3082, separated by only seven bases, flank a long GT-rich
region in intron 5. Other acute-phase proteins have similar,
though often shorter, alternating purine-pyrimidine-rich re-
gions (Figure 4). These include the human haptoglobin
related gene pair (Maeda, 1985), the human C reactive protein
gene (Lei et al., 1985; Woo et al., 1985), the rat AGP gene
(Reinke & Feigelson, 1985; Liao et al., 1985), and the human
aj-antitrypsin gene (Long et al., 1984).

In a recent study Baumann and Maquat (1986) identified
a minimal sequence in the 5’ flanking region of the rat AGP
gene extending from —42 to —120 bp that is required for glu-
cocorticoid regulation. A comparison of this sequence with
that of the mouse AGP-1 gene (~47 to ~127 bp) indicates that
they are highly conserved, i.e., showing an ~85% homology
(Figure 5). We propose that this region of the mouse AGP-1
gene may be a putative glucocorticoid regulatory element. Our
hypothesis is further supported by our sequence data, which
reveal a reverse complement of the glucocorticoid receptor
binding hexamer AGAACA at —122 to —-127 bp. Furthermore,
within this same region, beginning at site ~94, the mouse
AGP-1 sequence GGGgAgAATGTGceCag is 69% homologous
to a longer version of the glucocorticoid receptor binding site
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-595 GATCCTGTGC ACAGACCCTG GATTGGGCAC ACACTATTCT AGACAGATCC TTTCCTGCTG
-535 TAAATATTGG GAGCTTTGCT GAACTACATT TTCAACTCAG ATTCACCCCT CTTTTTTGGG
-475 CATTCGGCTG CCTCTAGGCT GTATAGGGGT CCCCAGGAAC ATCACACTCC TTTGGAAACT
-415 AATCCATCTT TGTCCTTGGC CCTTAACTTG AGCCCCTAAG TGTCTTCTAA GTTCACTATG
-355 AACCCTGACC AGGGTCCCCT TCATAGCCCC CTTGGAGEGT GATAAACGAA TAGGTCTCAC
-295 TCCTGCTAGG CACTTCATGG GATAAGACAG GTATGGGACC CATGATTGGG ATCTAAGTAT
=235 TATCAGGCTA GCCCAGTATC CACCTTGACC ATGAATCAGC CACTCTGGTG TAGGGCAGGA
-175 GTCTGTGTCA GGGCCGGTTG GGAGGGAGCT GCACAAAGCT GGCTTGAGAG_AACATTTTGC

-115 GCAAGACATT TGQCCAAGITGC TGGGGAGAAT GTGCCAGGGC TCTAGAGGCC CTGCTGCAGT

FHR KAk Rk kkkrt L

-55 CCCATGCCCT CGCCACATCT ATATARAAG CCACTGTACC CTCCATCCAC CAGTTATCTC
kdkdkkkdkddk O

6 TTCCAAGCCC TGGTGCCTCT GAGTGTCCTA AGCATGGCAC TGCACATGAT TCTTGTCATG

MetAlalL euHisMetIl eleuValMet

66 GTGAGCCTCC TGCCGCTGTT GGAAGCTCAG AACCCAGAAC ATGTCAACAT CACCATAGGC
valSerleul euProleuie uGluAlaGin AsnProGluH isValAsnll eThrlleGly

126 GACCCTATCA CCAATGAGAC CCTGAGCTGG GTAAGTGCCT GCCCAGGACT TGGACGTGAG
AspPralleT hrAsnGluTh rLeuSerTrp

186 CACTTAAGGA GGCTACTCTT TCCTCTGGGC TTTCCCTTCC CTGATGYCTG TGCTCATCTC
246 TGGGCTCCTG GTACTGCCCT TTCCTCTCCT GGAGACCTGG TGGCACCCCC TGCCTCCAAA
306 CCCAGAAGCA TCACTCTGAG GTCTCTCAGC AGGGGACAGA GCAGTAGGAT GGCTGATTTT
366 TGAGTTGCCC ATTTGAGCTT CAGTCTTCCC ATGTATGGTT CAGAAGCCAT TGCTTGCTTG
426 CCCCACAGCA CGGCTGAGTG CAATGTTCAT ACTACAAGCC CTACTCATCT GTGTGCCTGC

436 TTCTCCCCAG CTCTCTGACA AATGGTTTTT CATTGGTGCG GCTGTCCTAA ACCCTGATTA
LeuSerAspL ysTrpPhePh elleGlyAla AlaVallLeuA snProAspTy

546 CCGGCAGGAA ATTCAAAAGA CGCAGATGGT ATTTTTTAAC CTTACCCCCA ACTTGATAAA
rArgGInGlu J1eGInLysT hrGlnMetVa 1PhePheAsn LeuThrProA snieulleAs

606 TGACACGATG GAGCTTCGAG AGTATCACAC CATGTGAGTT CTTGTAACAG CCAGCCCACC
nAspThrMet GluLeuArgG luTyrHisTh rll

666 CTGGCCCTGG CCTCCACTCC CAGATGCCTA GAGACCTGAG CAAACTGGAT CTGCCTGGCC
726 TCCCCACCCA CCTTCTGGAA TGGGGACAGC TTTCTTGTTT ACCTGCCTCT TGCCCACTCC
786 CCACCCCAGT TTAGTCAGAT CACCTCTCCA TCAGTTGTCC TCTGTCTCTT TGCTTTCTAG

846 AGATGACCAC TGTGTCTATA ACTCCACTCA TCTAGGAATC CAGAGAGAGA ATGGGACCCT
eAspAspHis CysvalTyrA snSerThrHi sLeuGlylle GInArgGluA snGlyThrie

906 CTCCAAGTAT GGTAAGGGTT GGAACTCACG GCTTTCTGGG AGCGTATTGC AAGGGTACAA
uSerLysTyr V

966 GGGGGCAGCA GAACAGGGGA GTTAGGTCTG TGAAGTCACT CTCTGAGGCT TGTAAGTGGA

1026 CGTAGATTTC AAACTGGAGT CCAGCTGCCA GGACAGACTT GCTTTGACCA TTCTTATGAT
1086 CTTTTGTGAG CTCAGAGGGG AAACCCATGG TTTGGGAAAC CAGTGACTTC AGCCAAATCC
1146 CCAGGTCACC AGGGACAGCA TGGGGGGAGG GCAACTGAAT ACTGGTGGGC CAGATTAGAT
1206 ACTCTTAGGT TTAATTGTCC CTAAGCCAAT TGTTTTAATG TTTAAGGGGA AGTGTTAACT
1266 ATGCCACACC ACCAAGGGCC CTTTCCAAGG CCCCAGCCAT TCCATACTTA TGAAGAATGA
1326 GAAGTGAGGC TGCATCCAAC AGAGGCTGAG CACATGGCAG CCACAGGGAG CCTCAGGCAC
1386 TTGTCCATAG CTATGTGCTT CCTTCCCTTG GGGATGGGGA CCACAGCATC ATTCTAGTGA

1446 CTCACAAAGC CCTTCATCCT GCAGTAGGAG GAGTAAAAAT CTYTGCAGAC CTGATAGTCT
alGlyG lyvalLysIl ePheAlaAsp LeulleVall
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1506 TGAAGATGCA TGGGGCCTTC ATGCTTGCCT TTGACTTGAA GGATGAGAAG AAACGGGGAC
eulLysMetHi sGlyAlaPhe MetLeuAlaP heAspLeuly sAspGluLys LysArgGlyL

1566 TGTCCCTCAA TGGTAGGGTC CTCCCAGACC TGGTCCCCAG CTCCACTGGC CTTACTCTTG
euSerLeuAs nA

1626 ATCGTCCACC CACATCCCAC ATCCCTACCT GGCTTCCCAT CTGCTGGACC CTTAGCCAGC

1686 ACAATCCTGG ATCCCTTCTC CATTGCAGCA AAAAGGCCAG ATATCACCCC GGAGCTGCGG
la LysArgProA splleThrPr oGluLeuArg

1746  GAAGTATTCC AGAAGGCTGT CACACACGTG GGCATGGATG AATCAGAAAT CATATTTGTC
GluvalPheG InLysAlava 1ThrHisvVal GlyMetAspG luSerGlull ellePheval

1806 GACTGGAAAA AGGTAAATGA GGAGGCTGTA TGATACCACC CCAGCAGTGC TCCCATTGTC
AspTrplLysL ys

1866 AGTGACCTAG CGGCTAGAGA GGGCAAGCTT CCGGTTAAGG CAGCTCAGCA AGGCAGGTAT
1926 CCTGCCATTA ATAACTCTCC TGCCTACTGT GAGAGCTGAG ATCACAGAGA TCCTAGATGG
1986 GCAGTGAGCC TCAGGGAGGT GAAGTTAAGT AGGAGGTCCT GGAAAGCTTG TGGAGGATAA
2046 GAGGAAGATC AGGAGGGTCA CTTAGGGAAC AGCCAGTGCC AGGGTGCCAG GTTTCTCCCT
2106 TCATATTCAC TACCTATCGA AGCAGGAGTC GTGATTGAAG TTTCCATGCC ACCCAACTCC
2166 AACAAGCCCA ATCACAGGCG GGGATGACCC ATGCGGAAAC CTCTTGATGT TCTGTCTAAC

2226 CTTGTGCTGA GGGAGAGGCC AAATAAACTT TGGCTTTCAC CCTGGTAAAG CCGTGGGATC
2286 AACCAATCAG CTTGCATGTA GTCTGAGATA CACAATAGTT TGTGACTCCA ATCTCTGGTC
2346 ACCTGAGCCT TTCCTGGCAT CACCACCCCC AGGATCTTCC CCGGGGGAGG GGCCTGCCAT
2406 ACAGACATGC CAGCAGCCAT TTCACAGCAT GACTTCCTCA CCCCCCCCCC CCCAACCATT
2466 GGGGCCAGTA GTCTCACTCT GCACCTGTGG ACACAAGTGT TCCGAAAATG CCTCCCGTTT
2626 GCGGTATTCT GTTCACATTC AATGGGGTGA ATAAACCAGA GCTCAGAGAT GAGGGACAAC
2586 TTACCCTAGA CTAGTGGATG TGCTCAAGGG TGGGTCTCAG TCTGTATGTC AGATGTCCTG
2646 CATGTCATAT ACTTCAGATT TATAACAGTA GCTTAATCAC AGTTATGAAG GAGCAATGGA
2706 AACATGGTTG GGGGTCACCA CAACACAAGA AACCGTGGAA AAGGTTCCCA TCTCTAGGAA
2766 GGCTGAGAAC AACAGTCCTG GATCTGCAGG GGAGCCATGG TAGATGCAAG ATACAGCGTG

2826 CTGACATATC CTGCCCTTCT GGCCAACCTC TGTGCTTCCC CCCTTTAGAA AGTACTCATA

2886 GCT TGT GTG! GTGTGTGT GTGYGTGYTGT GTGTGIGIGY

2946 ACACAAGCTT GTCATAAGAT GTGTGTGGAT GTCAGAGGAC AACTGTGGGC AGTGTTCACT
3006 CCAGCCATTT TATCATGGAC TCTGATGATT GACTTCAGAG CTTACATACT TTGCCAGGGT
3066 TTTIGITCTG CTTGTTIQIT CTATTTTGTT TTGTTTTTGC ATCTAACCTT GCAGCCCACG

3126 GCTACCCTAC TGCAACTCAT AGCAATCCTC CAGCCTAGTA TTCCCCAACC CTAGGTGTGT

3186 GCCACCACAC CTGBCTTACT CACTCTGCTC TCCTCCTGAT ATCTTCCAGG ACAGGTGCAG
A spArgCysSe

3246 TCAGCAGGAG AAGCAGCAGC TTGAGCTGGA GAAGGAGACC AAGAAAGATC CTGAGGAAGG
rGInGInGlu LysGInGInL euGluLeuG! uLysGluThr LysLysAspP roGluGluG

3306 CCAGGCATGA ACTCAGCTCT CTGAACTCCG AGGGCTGTCC ACAGGCTCAC CAAACCCCAC
yGinAlaTer

3366 CCCTCCTGTG CACTTTGATT CTGTCTCTGC CACAATAAAG GTTTGCTGAC ACAGTCAATA
3426 TCACTTCYTT GCTTCTTTCC TTTTTCTCCC TCCETCCCTC CCTTTGTGCA GAGTCCTGAG
3486 TGGAGCCTTA GCTAAGTCCA AGAAGCCCTG CCCAGGAATT ACGACGLTCT GGA

FIGURE 2: Complete nucleotide sequence of mouse AGP-1 gene derived from the insert in MAGP31. The nucleotide sequence of the AGP-1
gene including the 5’ and 3’ flanking sequences is shown. The amino acid sequence encoded by all six exons is shown below the corresponding
nucleotide sequence. The sequence is numbered relative to the mRNA initiation site indicated by +1. Other possible initiation sites are underlined
by equal signs. Potential glucocorticoid receptor binding sites are underlined. The TATAA box, putative CAAT box, and GT-rich region
in intron 5 are enclosed in boxes. The region of homology to the consensus sequence described by Dente et al. (1985) is marked by asterisks
above the sequence. The six-nucleotide core sequence found in the rat fibrinogen genes (Fowlkes et al., 1984) is marked by lines above the

sequence.

whose consensus sequence is GGGTACAATGTGTCCT
(Slater et al., 1985; Karin et al., 1984). This sequence has
been located within the 5’ flanking region of several gluco-
corticoid sensitive genes, including mouse a-fetoprotein (Scott
& Tilghman, 1983), mouse albumin (Izban and Papacon-
stantinou, unpublished results), rat AGP (Ricca & Taylor,
1981; Ritchie et al., 1982), and rat §-fibrinogen (Fowlkes et
al., 1984). Whether these sequences actually function as
glucocorticoid receptor sites in the mouse must yet be deter-
mined by direct assay.

Dente et al. (1985) have previously observed a conserved
DNA sequence in the 5’ untranslated region of three human

acute-phase proteins: haptoglobin, «;-antitrypsin, and AGP.
We have searched both mouse and rat AGP genes for this
conserved DNA sequence. In each case a closely homologous
sequence was found in analogous positions to that found in
the human gene (Figure 6). Although the significance of this
region is not known, the high degree of homology between the
two rodent genes and the three human genes is noteworthy,
especially because in all five genes the homology is located
between the TATAA box and the methionine initiation codon
and includes the transcriptional initiation site. We have not
found homologous sequences in the mouse albumin or a-fe-
toprotein genes, both of which are non-acute-phase, liver-
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FIGURE 3: Nulclease S1 analysis of AGP mRNA. Different RNA
samples were hybridized to a restriction fragment from the 5 end
of the AGP gene and treated with nuclease S1. The product was run
alongside a sequencing reaction for molecular weight determination.
Lanes 1, 4, 5, and 6 contain 5, 5, 10, and 20 ug, respectively, of liver
poly(A)-containing RNA from a turpentine-injected mouse. Lane
2 contains 5 ug of liver poly(A)-containing RNA from an untreated
mouse. Lane 3 contains no RNA other than the same amount of
tRNA used as a carrier in the other reactions. Molecular weight
markers are in nucleotides.

specific proteins. In the case of albumin, however, a negative
acute-phase response has been reported in which transcription
of this gene is repressed during an acute-phase reaction
(Kulkarni et al., 1985). Thus, this sequence may be a positive
regulatory element, specific for acute-phase reactants.
Mouse AGP Amino Acid Sequences. We have previously
published a partial amino acid sequence for mouse AGP de-
duced from a partial cDNA clone (Cooper & Papaconstan-
tinou, 1986). The sequence of the entire gene has allowed us
to complete the amino acid sequence for one of the AGP
proteins in the mouse and compare it to rat and human AGP
(Figure 7). As the N-terminus of mature mouse AGP is not
known, we have arbitrarily designated Gln as the N-terminal

COOPER ET AL.

amino acid by analogy with the known mature rat amino acid
sequence (Nagashima et al., 1981). The predicted N-terminus
of the unprocessed AGP-1 protein sequence contains a hy-
drophobic region typical of secretory leader signal peptides.
However, the exact length of the leader peptide is unclear as
three in-phase initiation condons exist within the 5" transcribed
region. Homology to the rat sequence and the general rule
that the 5’-most AUG codon begins translation suggest nev-
ertheless an 18-residue signal peptide. Since AGP is a highly
glycosylated protein, it was of interest to localize potential
carbohydrate attachment sites in the mouse amino acid se-
quence as indicated by the presence of the sequence Asn-X-ai
(Eylar, 1966). Six potential sites can be found in the mouse
sequence at positions 7, 16, 51, 58, 76, and 86. The same
number are found in the rat sequence, all but one of which
(at position 116) at identical positions. Human AGP is known
to have five N-linked glycosylations, three of which are com-
mon to potential sites in the mouse and the rat (positions 16,
76, and 86). This conservation in number and position of
carbohydrate side chains argues that they are probably im-
portant in the function of the protein.

DiscuUSSION

We have isolated a genomic clone that includes the entire
sequence of one of the mouse AGP genes. This gene, which
we named mouse AGP-1, has been sequenced from —595 bp
5’ to the site of initiation of transcription to 135 bp 3’ to the
polyadenylation signal. Our sequence analysis has shown that
the mouse gene has six exons and five introns and compares
well with the sequence of a partial cDNA clone of mouse AGP
(Cooper & Papaconstantinou, 1986) and the complete mRNA
and gene sequence of rat AGP (Reinke & Feigelson, 1985;
Liao et al., 1985). This gene structure has been well conserved,
as is indicated by its homology and organizational similarity
to the rat and human AGP genes (Dente et al., 1985).

We have previously provided evidence for the existence of
at least two AGP genes in the mouse (Cooper & Papacon-
stantinou, 1986). The sequence of the gene reported here is
in exact agreement with one of the cDNA clones we isolated
previously, except for two single nucleotide differences at-
tributable to minor variations in the two strains of mice used
to generate the cDNA and genomic libraries.

Our analysis of the AGP-1 gene sequence has revealed a
number of putative regulatory elements. These include several
consensus glucocorticoid receptor binding sites, both in the 5

Gene Alternating Pu/Py rich region
Mouse AGP-1 85 3540 3664 3682
GTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGT ~--- TGTTCTGCTTGTTIGTTICT
Rat AGP 2652 2663 2821 2841
GTGTGTGTGTGT ====-===== TGTTCTGTTTTGTTIGTTGT

Human haptoglobin 2433

2482

GTGTGTGTGTATGCAGTGTGTGTGTGTGTGTGTACATGCATGTGTGTGT

Human haptoglobin
related gene 14134

14193

GTGTGTGTGTATGCATGTGTGTGTGTGCGTGTGTGTGTGTGTGTACATGCCTGTGTGTGT

Human C-reactive
protein 419

Human alpha-1-
antitrypsin 8296 8310
GTGTATGTGTGTGCA

455
GTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGGTGTGT

FIGURE 4: Compilation of alternating purine-pyrimidine-rich regions from mouse AGP-1 gene and other acute-phase protein genes. Potential
glucocorticoid receptor binding sequences have been underlined. References: rat AGP (Reinke & Feigelson, 1985; Liao et al., 1985), human
haptoglobin (Lei et al., 1985; Woo, et al., 1985), human haptoglobin related gene (Maeda, 1985), and human C reactive protein [human a;-antitrypsin

(Long et al., 1984)].



MOUSE AGP-1 GENE SEQUENCE

-146 -126 -106
13 ] 1
1 t
WOUSE  TGCACAAAGC TGGCTTGAGA GAACATTTTG CECAAGACAT TTCCCAAGTE
RAT  aGCCCAAAGC TGECTTEAGY BAACATITTE tSCAAGACAT TTCCCAAGTG
1 T
1
-140 -120
MOUSE  CTGBEGAGAA TGTGCCAGEG CTCTAGAGGC CCTGCTE-C- AGTCCCATSC
RAT  CTGGEGAGAT TBTGCCAca6 CTCTgcAG-C CC--CTGGCE AcgCCCATBL
-47 -22
! ]
MOUSE  CCT-CGCCAC ATCT-ATTAT AAAAGCCACT GTACCCTCCA TCCACCAGTT
RAT  TETTC-CCAC AcCTTQTTAT ARAAGECACT GcACECTCCA GCCACCAGTT
]
1 ]
-42 +1
+1 16
: ;
MOUSE  ATCTCTTCCA AGCCCT
RAT  AgCTCTTCCt gggCC
v
]
+21

FIGURE 5: DNA sequence homology between the 5’ flanking region
of the mouse (AGP-1) and the 5’ flanking region of the rat AGP gene
that contains the glucocorticoid regulatory element. The underlined
region from nucleotide —120 to nucleotide —42 in the rat sequence
represents the minimal sequence required for glucocorticoid regulation
reported by Baumann and Maquat (1986). The homologous sequence
of the mouse AGP-1 gene ranges from —126 to —47. The capital letters
depict regions of homology between the mouse and rat sequences, the
lower case letters depict regions that lack homology, and the dash
marks indicate regions of deletions or insertions. The site of initiation
of transcription is depicted by +1.

-22
Mouse AGP-1  CTGTACCCTCCATCCACCAGTTATCTCTTCCAAGCCCT
IR I i
Consensus CTGCAGCNTGCAGCCACCAGCACTGNCCTGGCNTCCAG
L PR (I N
Rat AGP CTGCACTCTCCAGCCACCAGTTAGCTCTTCCTGGGCCG

-16

FIGURE 6: DNA sequence homology between the mouse and rat AGP
genes and the consensus acute-phase sequence described by Dente
et al. (1985). The numbers indicate the position with respect to the
site of mMRNA initiation. Vertical lines indicate a perfect match to
the consensus sequence.

flanking region and within intron 5. The latter are found in
close association with a long purine-pyrimidine-rich region
composed of alternating GTs. It has been demonstrated that
alternating purine-pyrimidine sequences can form Z-DNA,
a left-handed helical form of DNA, which has been postulated
to be a potential site for gene regulation (Rich et al., 1984)
but whose natural occurrence and possible function in the
regulation of gene expression are still controversial (Marx,
1985). Alternating purine—pyrimidine tracks have also been
demonstrated to enhance the expression of genes cloned into
recombinant plasmids (Hamada et al., 1984). Although (GT),
tracks exist in non-acute-phase genes (Nishioka & Leder,
1980; Shen et al., 1981; Miesfield et al., 1981; Hentschel,
1982) in telomeres (Walmsley et al., 1983) and as multiple
copies in the human genome (Hamada & Kakuraga, 1982),
it is possible that they may be nonspecific enhancers that can
be modulated by adjacent specific regulatory sequences such
as the glucocorticoid receptor sites.

Recently it has been shown that the region —42 to ~120 bp
of the rat AGP gene mediates maximal dexamethasone in-
duction of the bacterial chloramphenicol acetyltransferase gene
when transfected into mouse L-cells in transient expression
assays (Baumann & Maquat, 1986). Our comparison of the
sequence of the analogous region in the mouse AGP-1 gene
clearly shows a strong homology between these regions, in-
dicating that this may be a potential glucocorticoid regulatory
element in the mouse AGP-1 gene. Analysis of the rat se-
quence, however, showed that this region does not contain
sequence homologies to known glucocorticoid receptor binding
sites, leading the authors to speculate that this sequence may
represent a new type of glucocorticoid responsive element. In
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160 170 180
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FIGURE 7: Comparison of mouse, human, and rat AGP sequences.
The amino acid sequence of mouse AGP is shown compared to the
sequences of human and rat AGP. Amino acids that are identical
in all three species are enclosed in boxes. Arrows indicate the positions
of the cysteine residues. Asterisks mark the position of putative
glycosylation sites as indicated by the presence of the sequence
Asn-X-IF (N-X-]).

contrast, sequence analysis of the same region in the mouse
AGP-1 gene has shown potential glucocorticoid receptor
binding sites at —127 to -122 (AGAACA) and at —94 to -79.
The ability of this region of the mouse gene to mediate a
response to glucocorticoids must be demonstrated. Further-
more, since there are multiple AGP genes in the mouse,
analyses must be done to determine whether all genes respond
to glucocorticoids and whether the sequences that mediate this
response are conserved.

Dente et al. (1985) have observed a region of striking DNA
sequence homology between three otherwise unrelated human
acute-phase proteins including one of the human AGP genes.
We have searched the mouse AGP-1 gene as well as the
published rat AGP gene sequences (Reinke & Feigelson, 1985;
Liao et al., 1985) for this same sequence and found a region
of very close homology in both rodent species in an exactly
analogous position, i.e., between the TATAA box and the
initiator methionine codon. Because of its location partly
within the 5’ untranslated portion of the primary mRNA
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transcript, it has been suggested (Dente et al., 1985) that this
element might be involved in the posttranscriptional regulatory
mechanism involving glucocorticoid-regulated RNA processing
(Vannice et al., 1984). In light of the most recent evidence
supporting the transcriptional regulation of the AGP gene in
vivo, (Kulkarni et al., 1985), we favor a model in which this
element may modulate the transcription of the gene in a
positive or negative manner.
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