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The complete nucleotide sequence of the rat oal-acid glycoprotein gene has been determined from an isolated
lambda recombinant bacteriophage. Southern blot analysis and DNA sequencing indicate that there is only one
gene per genome; it contains six exons and is located within a 3,200-base-pair fragment starting from a TATA
box and extending to the polyadenylation signal AATAAA. Transcription starts 37 base pairs upstream from
the beginning of the translation codon ATG. The TATA box (TATAAA) lies 26 base pairs upstream from this
site. The gene contains several potential glucocorticoid receptor-binding sites, both inside and outside the
structural gene.

a1-Acid glycoprotein (ot1-AGP) is a single polypeptide with
a molecular mass of 23 kilodaltons plus three to five carbo-
hydrate side chains; the latter account for about 45% of its
total mass of 45 kilodaltons (21). Although its precise func-
tion is not known, the protein is highly conserved in evolu-
tion and maintained during life, even during severe starva-
tion. Synthesis occurs in the liver and probably only in that
organ. Acute inflammation caused by physical injury, by
bacterial or protozoan infections, or associated with lupus
erythematosus or neoplasia results in prompt elevation of
the serum levels of this protein. Experimental subcutaneous
injection of turpentine to produce sterile abscesses in the rat
results in a 90- to 100-fold increase of oa-AGP mRNA in
hepatic cytoplasm, and its translation product becomes a
major serum glycoprotein (15). Exposure of hepatic cells in
culture to glucocorticoid hormones results in a similar induc-
tion of a1-AGP (1, 26). In vitro studies indicate that a1-AGP
inhibits platelet aggregation (24), lymphocyte transformation
(4), cell-collagen interaction (5), and the invasion of malarial
protozoa into erythrocytes (6). The resemblance of a1-AGP
to erythrocyte membrane sialoglycoproteins, the homology
of its amino acid sequence in the carboxyl terminal region
with that in the immunoglobulin G H-chain constant region
(22), and its induction by glucocorticoid hormones suggest
that it might be involved in the immune system and might act
both as a protective decoy during parasitism and as an
immunosuppressant during acute inflammation in response
to tissue damage.
The remarkable induction of oq-AGP by glucocorticoids

and the requirement of ongoing protein synthesis during
gene expression, which is in contrast to mouse mammary
tumor virus, make a1-AGP a more complex and complete
model for studying steroid hormone regulation in mamma-
lian genes; in addition, the physiological role of this protein
in inflammatory homeostasis provides a model for
multiorgan investigation.

Ricca and Taylor (16) have previously cloned and se-
quenced rat AGP cDNA, and Yamamoto and colleagues (10)
have cloned and characterized rat glucocorticoid receptor
cDNA. In the present study, we used rat AGP cDNA to
isolate the corresponding gene sequence from a rat genomic
library. Analysis of this gene indicates it exists as a single
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copy consisting of six exons and has four potential glucocor-
ticoid-binding sites. Additionally, there are several se-
quences that may be involved in the regulation of its expres-
sion.

Synthetic 17-base primer and four dideoxynucleotide tri-
phosphates for dideoxy sequencing were purchased from
P-L Biochemicals, Inc., Milwaukee, Wis. Nitrocellulose
(BA 85) was purchased from Schleicher & Schuell, Inc.,
Keene, N.H. Restriction enzymes and DNA modification
enzymes were obtained from New England BioLabs, Inc.,
Beverly, Mass., and were used according to the specifica-
tions of the manufacturer.
The rat genomic library, provided by T. Sargent (National

Institutes of Health), was composed of a partial EcoRI digest
of rat hepatic DNA cloned into bacteriophage Charon 4A.
The 792-base-pair (bp) PstI-PstI DNA fragment derived
from rat ot-AGP cDNA plasmid pAGP663 (16) was used as
a hybridization probe after labeling with [a-32P]dCTP by the
nick translation method (8). Screening and hybridization
were carried out as described by Maniatis et al. (8). Positive
plaques were purified by three further cycles of plating at
densities of 200 plaques per plate. Phage DNA was prepared
as described by Maniatis et al. (8).
Recombinant phage DNA was analyzed by Southern blot

hybridization (25) after restrictive digestion and electropho-
resis in 0.75% agarose gels. Hybridizations were performed
at 68°C with 5 x 106 cpm/ml of the PstI-PstI fragment of rat
a1-AGP plasmid pAGP663 as a probe. Filters were autora-
diographed at -70°C with intensifier screens.
DNA sequencing was carried out by the dideoxy chain-

termination method (17, 23) by cloning restricted DNA
fragments into various polylinker sites of bacteriophages
M13, mpl8, and mpl9 and then by priming for chain exten-
sion and for base-specific termination. DNA sequence data
were analyzed with the computer programs of Martinez et al.
(9).

Isolation of a recombinant bacteriophage containing the rat
aft-AGP gene and strategy of sequencing. The genomic library
was prepared by Sargent et al. (18) from a partial EcoRI
digest of Sprague-Dawley rat DNA cloned into lambda
bacteriophage Charon 4A. Plaques (4 x 106) equivalent to 10
genomes were screened with nick-translated cDNA probe of
AGP. Among nine positive clones, the one with the strongest
hybridization signal was selected and purified by low-density
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FIG. 1. Map of the rat a1-AGP gene. (A) Strategy of sequencing. Arrows indicate the directions and lengths of the M13 subclones used
in dideoxynucleotide sequencing. (B) Restriction sites of sequenced rat ca1-AGP gene. The six exons of the gene are indicated by solid boxes.
(C) Organization of rat DNA insertion and the recombinant clone. Only EcoRI and Sacl sites are used as landmarks.

plating. Restrictive digestion with EcoRI and Southern blot
analysis indicated that this clone contains a 17-kilobase-pair
(kbp) insert with two internal and two flanking EcoRI sites.
Based on the intensity of the hybridization signals, 80% of
the exons were located in the 8.5-kbp EcoRI fragment and
20% were in the 7-kbp EcoRI fragment; none were found in
the 2-kbp fragment. The order and arrangement of EcoRI
sites (Fig. 1) were determined by single- and double-
restriction mapping and patterns of Southern hybridiza-
tion.
To confirm the copy number and absence of sequence

rearrangements of the a1-AGP gene during recombinant
DNA manipulations, we performed Southern hybridizations
with various restriction enzymes on both cellular and recom-

binant phage DNA. The results indicated that there is only
one copy of the a1-AGP gene in rat genome and that no

rearrangement occurred during cloning and bacteriophage
propagations. All fragments detected by 32P-labeled cDNA
probe were identical in size in cellular and recombinant
phage DNA with different restriction digests (Fig. 2).
A sequencing strategy was formulated by taking advan-

tage of the existing Sall and BamHI sites in the a1-AGP
cDNA. Recombinant bacteriophage DNA was digested with
Sall, BamHI, and EcoRI and then directly subcloned into
M13 bacteriophage polylinker sites. Because of the rarity of
the SalI site in the mammalian genome and lambda
bacteriophage, we were successful in cloning the reading
frame on the first trial. The sequencings were then expanded
from the Sall site toward both the 5' and 3' ends of the gene.
Further subclonings were undertaken with identified restric-

tion sites of the new sequence and convenient Sacl sites
found on positively hybridized fragments on Southern blot
analysis. The total sequencing was completed by overlap-
ping sequences of M13 subclones and extended about 1 kbp
beyond the TATA box and the polyadenylation signal
AATAAA at the 5' and 3' ends, respectively. The 5'- to
3'-end orientation of the ot-AGP gene in recombinant
lambda bacteriophage was determined from the nucleotide
sequences of exons and from the locations of restriction
sites, including EcoRI, SacI, BamHI, and Sall, on Southern
hybridizations.

Organization of AGP gene. The rat AGP gene consists of
six exons and five introns and strictly observes Chambon's
rule that all introns begin with dinucleotide G-T and end with
A-G (Fig. 3). The more detailed consensus sequences of
donor G-T-_-T-G-T and acceptor (T)h1-N-c A-G proposed by
Breathnach and Chambon (2) are reasonably matched by the
splicing junctions of the introns and exons in the rat a1-AGP
gene.
Comparison of exons of the AGP gene with previously

published cDNA sequences shows that there is only one

base difference, G instead of A at the fifth nucleotide after
the translation stop codon TAG on the 3' end. The difference
could be due to intraspecies polymorphism or replication
error of lambda bacteriophage. It has no effect on amino acid
coding sequences.

5'-End region. The transcriptional initiation site was de-
termined previously by reverse transcriptase-catalyzed
cDNA synthesis in the presence of a 67-bp DdeI cDNA
fragment as primer and chain-terminating dideoxynucleotide

I)

B

C

VOL. 5,1985

m

Hisnlt Arm IIl



MOL. CELL. BIOL.

triphosphates (16). The nucleotide residu
downstream from the TATA box, is the trans
The Goldberg-Hogness box (TATAAAA

tween 21 and 27 bases upstream from the
start. There is no apparent consensus seque
box in its anticipated (50 bp) upstream pos
there may be a mnixed TATA and CAAT se(
262 and 272 bases upstream from the transcri
distant location indicates that it may not b
however, shortly repeated GA and CT, w
Z-DNA structure, on its flanking areas sugg
involvement in expressional regulation. A
sequence, T-G-T-T-C-T, which has been po
binding site for the glucocorticoid recepl
mouse mammary tumor virus (20), is found 4
from the transcriptional start. The hexanucl
was also found previously 451 bp upstrearr
scriptional start of the human renin gene; E
gene was speculated to be under steroid hori
(11).

Intron regions. The potential glucocort
binding sequence of T-G-T-T-C-T is also pre-
within introns located at positions 1,511, 3
respectively (Fig. 3). A survey of intron
unusual patterns of nucleotide sequences
existence of an alternating purine-pyrimidint
structure, followed by 14 Gs at location 3,3
neighborhoods of the glucocorticoid-binding
consist of partially symmetrical G(T)2-5 rel
(TGTTCT)GTTTTGTTTGTTGTTTTGTTT
3,547 bp (Fig. 3). This is followed two times
ACCCTGCA 7 and 24 bp downstream. Intro
bp and contains sequences ofT(C)5A(C)3AC
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FIG. 2. Southern hybridization of total geno
combinant phage DNA. (A) Southern blot of the r
DNA. DNA (1 ,ug) was digested with the ap;

electrophoresed on a 0.75% agarose gel, transfe
lose, and hybridized to a nick-translated probe de
of the rat a1-AGP gene. The arrow indicates
positively hybridized HindIII fragment after exter
Southern blot of genomic DNA. Rat hepatoma ce
digested with appropriate enzymes, electroph
agarose gel, and hybridized under the same condi
for panel A.

e A, 27 bases in the middle, with their symmetrical counterparts at the
scriptional start. acceptor side of the splicing junction (Fig. 3).

is located be- 3'-End region. The polyadenylation signal (AATAAA) is
transcriptional found 18 nucleotides upstream from the beginning of the
nce of a CAAT poly(A) tail-formation site. A decanucleotide sequence of
;ition; however, TCCTCCT¶ccc is repeated four times, overlapping one an-
quence between other within a 30-bp region located 15 bp downstream from
iptional start. Its the poly(A) addition signal and immediately followed by a
e a CAAT box; complementary GGAGAGGAGG. These particular se-
vhich resembles quences create five MnlI restriction sites within 40 bp of
zests a potential length and produce a highly symmetrical region centering at
hexanucleotide the second MnII. Its significance is unknown, although it
)stulated to be a may play a role in posttranscriptional processing or have a
tor complex in regulatory function in gene expression.
431 bp upstream Our findings concerning the nucleotide sequence of this
eotide sequence gene and its structure point to several interesting features,
n from the tran- including potential steroid receptor-binding sites (Table 1).
ience, the renin We have found a sequence consistent with a glucocorticoid
mone regulation receptor-binding site upstream of the ao-AGP mRNA initia-

tion site and three others within the structural gene. An
ticoid receptor- identical hexanucleotide sequence has also been found in the
sent three times, human renin gene (19). The hexanucleotide T-G-T-T-C-T in
,281, and 3,553, the human renin gene is located almost identically with that
regions shows in the rat ao-AGP gene at 450 and 430 bp upstream from the
including the mRNA initiation site, respectively. Because this area of

e or Z-DNA-like DNA has been postulated to be the site of glucocorticoid
'83 (Fig. 3). The receptor complex binding, the two genes may be under
hexanucleotide similar glucocorticoid control.

peats, GTTTTT The second T-G-T-T-C-T sequence of the rat a1-AGP gene
TT, located at is located within intron 2. Sequences 3 and 4 are in intron 5.
by a sequence of Although the functional significance of additional binding
in 4 has only 130 sites is unknown, such sites have been found in the human
'A and CCCATT growth hormone genes (12). Furthermore, Charnay et al. (3)

and Wright et al. (28) have demonstrated that gene-specific
controlling elements of human a- and ,-globin genes can be
located within the structural gene instead of in the promoter
region.

B It should be noted that hexanucleotide 4 is surrounded by
-_ a G(T)2_5 element of G(T)5[TGTTCT]G(T)4G(T)3G(T)2

E > 0 ~ G(T)4G(T)5. A Z-DNA-like structure of seven continuous
m0X a. m dinucleotide G-Ts followed by (G)10A(G)3 at position 3,382

(Fig. 3) is also located in this intron 139 bp upstream from the
fourth glucocorticoid-binding sequence. (GT)n oligomers
have the potential for forming a Z-DNA structure under

-23.7 particular conditions, including ionic strength and superheli-
9 5 cal density, and are widely distributed throughout eucaryotic

- 6.7 genomes (7, 13). It has been suggested that long (GT),
-3~ oligomers (n > 20), which do not form a typical nucleosomal

structure, may act as chromatin-structural elements only and
have no regulatory function. However, smaller Z-DNA
sequences (n < 10), such as those found in the rat ao-AGP

23 gene, have been found in a number of enhancer and tran-
scriptional control sequences from DNA and RNA viruses
(14).

Since the rat z1-AGP gene does contain potential gluco-
corticoid receptor-binding sites, gene expression may not be

mic DNA and re- entirely because of secondary action of the hormone as
-ecombinant phage previously suggested (1, 26). We propose that the rat aol-
propriate enzyme, AGP gene may be directly regulated by the glucocorticoid
rred to nitrocellu- receptor complex, but that a permissive labile factor sup-
the location of a

plied by continuous protein synthesis in particular cell types
ided exposure. (B) must be present to sustain high levels of stable mature
IDNA (5,ug) was al-AGP mRNA. However, the sequences we mentioned
ioresed on a 1% may not represent bona fide glucocorticoid receptor-binding
itions as described sites. This possibility is supported by two facts. (i) The

homology of these putative binding sites does not extend
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5GAGCTCCCAGCAATGGCTCCATTCCTCAGTGGGAGTCACCATGCCTGCCCATAACAATACTTCCCGAGAGTGTTCATTCATGTGGACATAGACCAGACTGTTATCAGGGAGGAATTAGAAC

CAGATATGCTGGACACAGATCCTGGATTGGGCACACATTATCTTGTCGGATTCTTTCCTGCTGTAAATACTGGGAGGTTTGCTCAACTCAGATTCACCCCTCTTTGCTGGGCATTTGACTG

GTTTCAGGGCTGGGTAGGGGTCCCAAGGAGCATCACACTCACTTAGAAACTAAACCATCTTTGTTCTTGGCCCTCAACTTGAGCCCCTCAGTGTCTTCTAAGTTTACTAACAACCTGACCT

GGGACCTCTTCATAACTCCCTCAGGGGTTGATTTATGTGTAGATCTTACTCCTGCTAGGCAGCCCTCCCAGGGCTAGGAGGCAGATGAGACCTATATTACAATCTCTGACTGGTACCATGT

CAAGTTTCATCAGGCTAGCCTTGTACCCATCTTGGCCATGAATCAGCCACTCTGGTTTTCAAGCAGCTTATAGGGCAGGAGCCTGTGTCAGGGCTGGCTGGCTGTGGGAACAGCCCAGCCC

AAAGCTGGCTTGAGGGAACATTTTGTGCAAGACATTTCCCAAGTGCTGGTGAGATTGTGCCACAGCTCTGCAGCCCCTGGCTGCACGCCCTTCCCACACCTTG A~ TCACTGCAC

* Met Ala Leu His Met Val Leu Val Val Leu Ser Leu Leu Pro Leu Leu
TCTCCAGCCACCAGTT AGCTCTTCCTGGGCCGGTGCCTCTGAGTGTCTTCGGC ATG GCG CTG CAC ATG GTT CTT GTC GTT TTG AGC CTC CTG CCC TTG TTG

Glu Ala Gln Asn Pro Glu Pro Ala Asn Ile Thr Leu Gly Ile Pro Ile Thr Asn Glu Thr Leu Lys Trp
GAA GCT CAG AAC CCA GAA CCT GCC AAC ATC ACC CTA GGC ATA CCT ATT ACC AAT GAG ACC CTG AAA TGG GTGAGTGCCTGCCTGGGGCATGGACCTGA

CCATTGTAGGTGCCTTTTTTCCCTCTGGGCTTTCCTTTCCCTGTCTGTGTTCCTCTCTGGGCTCCCGGTGCTGCCCTTCCCTCTCCTGGGGATTGTTGTGGCATCCCCCTGCCTCCAAACC

CAGAAGCATCACTCTGAGGTCTCTCGGCAGGGGACAGAGTCATAGGATGGTTGACTTCTGAGTTGTCCATGGGATCCTGGCCTGAAACTTCAGTCTTCCCATGTATGGCTCAAACGCCATC

Leu Ser Asp Lys Trp Phe Tyr Met Gly
ACTCACCTGCCCCTCATTGTTGCTAACTGCCAAGCTCCATACTCCAAACCCTGTTCATCTGCGTGCCTGCTTCTTTCTTCCCAG CTC TCA GAC AAA TGG TTT TAC ATG GGA

Ala Ala Phe Arg Asp Pro Val Phe Lys Gln Ala Val Gln Thr Ile Gln Thr Glu Tyr Phe Tyr Leu Thr Pro Asn Leu Ile Asn Asp Thr
GCA GCT TTC CGA GAC CCC GTG TTC AAG CAG GCA GTT CAA ACG ATA CAG ACG GAA TAT TTT TAC CTT ACC CCC AAC TTG ATA AAC GAC ACA

Ile Glu Leu Arg Glu Phe Gln Thr Th
ATT GAA CTT CGG GAG TTT CAG ACC AC GTGAGTCCTTGCAGCAGCCAGCCCACCCCAGCCCTGGCCTCCAATCCCTGGGGCCTAGAGACCTGAACAAACTGCCCCTGCCTGGC

CTCCCCAGCCGCCTTAGGAATCGGGAGGGCTGTTCTTGTCTACCTGCCTCTTGCCCACTCTCACCCTGTGCTGGTCAGATCTCCTCTCTCTCTGTTACCCAACTTCTCTTTGCTTTATAG

r Asp Asp Gln Cys Val Tyr Asn Phe Thr His Leu Gly Val Gln Arg Glu Asn Gly Thr Leu Ser Lys Cys A
A GAC GAC CAG TGT GTC TAT AAC TTC ACC CAT CTA GGA GTC CAG AGA GAG AAT GGG ACC TTA TCC AAG TGT G GTGAGAGTGTGAACTCGAAGCTTTC

TGGGGGGAGGGGGGGGTCATTGCAAGGACCTGAGGGGGAAGCAGAGCAGGGCAGTTTAGTCTGTTAGGTCAGCTCTGAGGCTGGTAAGTAGAAGCAGATTTCAAACCAGAGTCCAGCTCCC

AGCCCAGTCTCGCTTTTAACCATTCTTTATGATCCTTTGTGAGCTCAGCGTGGGAACCCATGGGATGGGAAGCCAGTGACTTCAGCCACATCTCCCATGTCACCAGGGACAACACATAGGA

AGGCAACCAAACACTGGTGGCCAGATCAGCCTCTCCTTAGCTTTGAATCATCCTAAGGGGATGTTTTAATGTTTAAGGGGAAGTTTTAACTGTGCCCACCACCCCACCACCAAGGGCCCTT

TCCAAGGCTCCAGCCGTTCAGTATCTATAAAGAATGAGAAGTTAGGCTGGCACCCAACAGGGACTGAGCACATGGTATCCTCAGGGAGCCGCAGGCATTTGCCATGGGGACCACGGCACCA

la Gly Ala Val Lys Ile Phe Ala His Leu Ile Val Leu Lys Lys His Gly Thr Phe Met Leu Ala
TTCTAGTGTCTTACAAAGCCCTTCCTTCCGCAG CA GGA GCA GTG AAA ATC TTT GCC CAT TTG ATA GTG CTG AAG AAA CAT GGG ACC TTC ATG CTT GCC

Phe Asn Leu Thr Asp Glu Asn Arg Gly Leu Ser Phe Tyr A
TTT AAC CTG ACA GAT GAG AAC CGG GGG CTG TCC TTC TAT G GTAGGCTCCTCAGAACCCTGGACCCCAGTTCTGCTGGGCCTTACCCTTGGTCCCCCACCCACATCCC

la Lys Lys Pro Asp Leu Ser Pro Glu Leu Arg Lys Ile Phe
TATCTGGTCTCCCATTTGCTGGACCCTTACCCAGAACACACCCCACCCCCTTCTCCCTTGCAG CT AAA AAG CCA GAC TTG TCC CCA GAG CTG CGG AAA ATA TTC

...... -.a_...... ...................

Gln Gln Ala Val Lys Asp Val Gly Met Asp Glu Ser Glu Ile Val Phe Val Asp Trp Thr Lys
CAG CAG GCT GTC AAA GAT GTG GGC ATG GAT GAA TCA GAA ATC GTA TTT GTC GAC TGG ACA AAG GTAAGCGACGAGGCTGCATGATGCCACCCTGGCAGTG

GTCCCGTTTTAGTGTCCCTAGAGGCTCAGAGAGGGTCAGCTCCTGGTTAAGGCAGCACAGCAAGGCGGGTATCTTGCTGTTGAGAACGCCCGTGCCTACTGTGACAGCTGAGATTCACAGA

GATCTTAGATGGGCAGTGAGCCTGAGGTGGGTGGGGTTAAGTAGGAGATACTAGAAAGACTGGAGGATCAGGGGCGAGACCAGGAAGGGTGATTGAGGGAACAGCTGGTGCCAGAGTCCCA

GGTTTCTCCCTGCCTTTCATTTTCACTTCCTATACAAGCCAGAGTTGTGACTAAAGTCTCCCTGTGCCAGCAAGCCCAATGGCCTTGGGGATGGGGGGGGGTGCCCACACACCAAGTCATC

TTGATGCTCTGTCTAAATTTGTGCAGAGGGAAAGGCCATCAGCTTTGGCTTTACCCCCAGCTGAGGCCACAGGATCAACCAATCAGCTTTCGACTTAGTGCGAGACACACTTGATATTTTG

TGACTCCATTCTCTGGG CACCTGAGCCTTTCCTGACATCACCAGCCCCCCAGGTTCCCAGGGGAAAGGTGTCTGCATACAGACACTGCCATTGAG CTGTTTTGCAACCTGCCTTCCCTGCC

AGACCAG

TGGTTCTCAAGGCTGACACTATCCTGCCCTTTCAGGTCAACCACCCCCAGAAATGTATTCATTGCTAGTGTGTGTGTGTGGGG&GGoGGGTGGG&CATGCCCATGCACAAG CATGCCATAAGA

'TTTGTTC

'GGCTCCG

TCACTTTGTCACTTTGCTCTCTTCCCTCGTATCTTCTAG
Asp Lys Cys Ser Glu Gln Gln Lys Gln Gln Leu Glu Leu Glu Lys Glu Thr Lys Lys Glu
GAT AAG TGC AGT GAG CAG CAG AAG CAG CAG CTG GAG CTG GAG AAG GAG ACT AAG AAG GAG 3777

Thr Lys Lys Asp Pro ***
ACC AAG AAG GAT CCT TAG GCCAGGCATGAACTCAGCTCTCTGAACTCCGGGGACTGTCCCCATGCCCACTCTACCCCCACTCCTGTGCACCTCGATTCTATTTTCCACAATj 3892

3GGTTTGGTTAAACAATC AGTATCACTTCTTTGTTCCCTCCCTCCCTTCTTTCCTTCCTCCCTCCCTTCCTGGAGAGGAGGACTGdCATGAGTGGAGACTTAGCTMGTCCAATMGCC 4012

CTACCCAGGGAATCTGAGAGGGCTTCCTGGAAGGGGCATTTGAGTCAGGCTAGACGGAACTGATAGAACCTGATTATAG CTCTTGCTATAATCCCCAAACCCTAGAGGG CACATTTGGTGA 413 3

AGACAAAGTAGAAGACCCAAG CAGCGGTGACTGGGAGTGGGGAGCCCAGGTGTGCCGTTCCTGTCACAGGGGCCTTCACTTCAGATGTGCCATTGGAACTCTGGAAGGGAGGTGAGTTGGG 4 252

AGACAGGAAGGCGTCGATG CTAGCTATGGTCACGGTATAAAAGG CCAAGGCAAGTGG CATAGACTTAGGGCTAGACTAGAGGGG TTGGATATCCCCAGGAAGAGAACTCAGTGGTCCGTGT 437 5

GGGACACCGTGAGATGACACTGCTTCCCTAGAGGCCAGTTGACATCTATTTCACAATTG TGTTCAAAGTCCTGAGGCACAGTCACTCAGTGGCAAACACAGGGTCTGAGATAATCTTTACA 4496

CTTGACTTGATTGGGCAGTCACCTAAGGGATGTGCTCGGTGTGTGTCTGTAAGGACATTTCCACAGAGAGTCACCTGCCTTGACTGTAGG CAGCGCCATCCCTTGGGCTTGGTCCCCCAAT 4617

TAACAAAAGGAGAAAACTAGCTGAGCACCCACAGTTCATCTGTCTGCTAAGCTTACGACTGTCCCAGTTGGATACAGTATGACATGGGCAGGTGTCCCTCCTCACCCATGAG CCCCACTTC 473 8

AATAGCTTTCGTCAACTATTTTGTCACAGAAGGGGGAAAGCAGTTCTTATGGAGCTrC 3' 47 95s

FIG. 3. DNA sequence of the rat ot,-AGP gene. Exons are flanked with lower signs, and translational codons are printed as triplets and
lined with their designated amino acids. The TATA box and polyadenylation signal (AATAAA) are boxed. A single asterisk indicates the
beginning of transcription, and triple asterisks indicate the codon (TAG) of translational stop. The -hexanucleotides T-G-T-T-C-T of potential
glucocorticoid receptor-binding sequences are underlined with a solid line. Palindromic sequences in intron 4 are marked by arrows and dots;
dinucleotide G-T repeats followed by poly(G) are marked by arrowheads and open squares. G(T)2-5 repeats after the fourth hexanucleotide
T-G-T-T-C-T are underlined with open circles and dots. The Mnll-rich area is underlined with a broken line and its following complementary
sequence is marked with a broken line at the top.
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TABLE 1. Comparison of nucleotide sequences involved in
glucocorticoid receptor-binding activities

Gene Nucleotide sequence"

Mouse -187
mammary 5'GGTTACAAACTGTTCTTAAAACAAGG3'
tumor -129
virus 5'TGGTATCAAATGTTCTGATCTGAGCT3'

-108
5'GAGCTCTTAGTGTTCTATTTTCCTAT3'
-92
5'TTGATTCCTCTGTTCTTTTGGAATCT3'

Chicken -50
lysozyme" 3'TTGATTCCTCTGTTCTACAGTTGTCA5'

Rat a-1 AGP -449
5'AAACCATCTTTGTTCTTGGCCCTCAA3'
+844
5'TCGGGAGGGCTGTTCTTGTCTACCTG3'
+4004
5'TGGGGGACTCTGTTCTTCCATTCATT3'
+4286
5'CAGGGTTTTTTGTTCTGTTTTGTTTG3'

Human +97 *
growth 5'GGGCACATGTGTCCTGAGGGGAGAG3'
hormone

Human me- -246 *
tallothion- 5'CGGTACACTGTGTCCTCCCGCTGCAC3'
ein

Human renin -202 *
5'TTCCCACAGCTGTCCTTCCTCCAGCG3'
-314 **
5'CTGACAGTGCTGTTTCTCATCAGCCT3'

Underlining indicates the consensus hexanucleotide sequences, and aster-
isks indicate the unmatched nucleotides. Negative numbers indicate the
nucleotide position in relationship before translational start (position 0). and
positive numbers indicate nucleotide position after transcriptional start.

b Chicken lysozyme genes are arranged from the 3' toward the 5' end.

further into regions of homology among human growth
hormone, human metallothionein II, and mouse mammary
tumor virus genes (12; Table 1); (ii) The transcription rate of
the rat a1-AGP gene is only marginally increased by the
addition of glucocorticoid as measured by in vitro transcrip-
tion in isolated nuclei (27). Glucocorticoid receptor-binding
assays should resolve this issue.

,We are particularly grateful to David Geller and Barbara Poetter
for help in preparing and editing this manuscript. We also thank
Thomas Sargent for sharing his rat genomic library.

This work was supported by Pubiic Health Service grant
CA-21141 from the National Institutes of Health and a grant from
the Council for Tobacco Research.

ADDENDUM

During the preparation of this manuscript, the structure of
this gene was described by R. Reinke and P. Feigelson (J.
Biol. Chem. 260:4397-4403, 1985). Our work confirms a
majority of their sequences and extends this structure.
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