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Genomic DNA libraries were screened for the human histidine-rich glycoprotein (HRG)
gene and a sequence of 15,499 nucleotides was determined. The gene is composed of 7 exons
and 6 introns, and all the exon-intron boundaries match the consensus GT/AG sequence for
donor and acceptor splice sites. Each of cystatin-like domains I and II of HRG is encoded
by three exons, exons I to III and exons IV to VI, respectively, like those of other members
of the cystatin superfamily. The entire C-tenninal half of the molecule is encoded by the
largest exon, VII. The first 103 nucleotides of the cDNA sequence reported for human HRG
[Koide, T., Foster, D., Yoshitake, S., and Davie, E.W. (1986) Biochemistry 25, 2220-2225]
could not be found in the determined gene sequence. A homology search of this sequence
against a database showed the complete matching to a part of the yeast mitochondrial DNA
encoding 21S ribosomal RNA. Rapid amplification of cDNA 5' ends (5-RACE) analysis
revealed that the cDNA has multiple 5'-ends and that a possible starting point is nucleotide
104 of the reported cDNA sequence. These results suggest that the first 103 nucleotides of the
cDNA sequence reported for human HRG originated from yeast mitochondrial DNA and
were incidentally incorporated into the HRG cDNA in the process of the construction of a
cDNA library. Various fragments obtained on restriction endonuclease digestion of the
5-noncoding region of the HRG gene were ligated to the chloramphenicol acetyltransferase
(CAT) gene and then transfected into HepG2 and 293 cells to analyze the promoter activity.
The sequence between —262 and —21 from the putative translation initiation site supported
the expression of CAT in HepG2 cells but not in 293 cells, suggesting that this segment
promotes the liver-specific transcription of the human HRG gene.

Key words: CAT assay, gene structure, histidine-rich glycoprotein, molecular cloning,
nucleotide sequence.

Histidine-rich glycoprotein (HRG) is one of the major binding with antithrombin, heparin cofactor II or protein C
components of human plasma proteins. HRG is synthesized inhibitor, revealing its heparin-neutralizing ability (4-10).
exclusively in the liver (1) and secreted into the plasma. On the other hand, HRG binds to fibrinogen (11) and
Platelets and megakaryocytes also contain HRG in their prolongs the time for the conversion of fibrinogen to fibrin
intracellular granules, although it is not known whether or by thrombin. HRG also binds to platelets by interacting
not HRG is synthesized in these cells (2). The exact with thrombospondin (12), although the significance of this
physiological role of HRG has not been established yet, but is not well understood. Thus, HRG is thought to play
it binds to a wide range of molecules. Among them, the regulatory roles in hemostasis and fibrinolysis. Moreover,
binding of HRG to the lysine-binding site of plasminogen HRG binds to several components of the complement
reduces plasminogen binding to fibrin, resulting in an system and T-lymphocytes, being likely to be involved in
antifibrinolytic effect (3). HRG competes for heparin the immune system (13-15). The primary structure of

human HRG was deduced from the nucleotide sequence of
•This work was partly supported by a Grant-in-Aid for Scientific i t s c D N A y. ^ i n g composed o f 5 0 7 amino acid residues
Research from the Ministry of Education, Science, Sports and Culture . , ,. „„ , • , . ? . , ~ c ,. iio\ x m o i_ x
of Japan. The nudeotiTsequence data reported in tiris paper appear ™luding 66 histadines and 65 prolmes (16). HRG has two
in the DDBJ, EMBL, and GenBank nucleotide sequence databases tandem repeats homologous to cystatin, a cysteine-prote-
under accession number AB005803. ase inhibitor, and belongs to the cystatin superfamily (17).
' Present address: Shionogi Research Laboratories, Shionogi & Co., Several members with a congenital deficiency of HRG were
Ltd., Osaka 553-0002. found in two families with thrombophilia (18, 19). We
5 To whom correspondence should be addressed. Tel: +81-791-58- recently analyzed the molecular and cellular bases for the
0212, Fax: +81.791.58-0210 E-mail: koide@sci.himejUech.acjp d e f i c i m o n e f a m i l ( H R G Tokushima) (20). In con-
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dine-rich glycoprotein; RACE, rapid amplification of cDNA ends. trast' families with elevated levels of HRG and thrombo-

philia have also been reported (21-24). Thus, the relation-
© 1999 by The Japanese Biochemical Society. ship between the plasma HRG level and thrombosis is not
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clear at present. To analyze the molecular bases of these
abnormalities, it is essential to elucidate the complete
structure of the gene for HRG located on chromosome
3q28-29 (25).

In this paper, we describe the isolation of genomic clones
for human HRG, determination of the nucleotide sequence
and partial characterization of the promoter region of the
human HRG gene, together with reinvestigation of the 5'-
terminal region of HRG cDNA.

MATERIALS AND METHODS

Materials—A human genomic library constructed in the
X Charon 4A phage was kindly provided by Dr. T. Maniatis.
Another human genomic library constructed with human
leukocyte genomic DNA in the X EMBL3 phage was
purchased from Clontech (Palo Alto, CA, USA). A human
liver cDNA library in Agtll (5'-stretch library) and human
liver poly(A)+ RNA were also purchased from Clontech.
Various restriction endonucleases were obtained from
Takara Shuzo (Kyoto), Toyobo (Osaka), Boehringer Mann-
heim (Mannheim, Germany), or New England Biolabs
(Beverly, MA, USA). The vectors for the CAT assay
(pCAT Basic, pCAT Enhancer, pCAT Promoter, and pCAT
Control) and pSVySG for correction of the transfection
efficiency were from Promega (Madison, WI, USA).
Nitrocellulose membranes (BA85S) were from Schleicher
& Schuell (Dassel, Germany). All other reagents and
chemicals used in this study were of the highest grade
available and obtained from Wako Pure Chemicals Indus-
tries (Osaka) or Nacalai Tesque (Kyoto). Oligonucleotide
primers were synthesized with an Applied Biosystems
Model 394 DNA synthesizer.

Isolation of the Phage Clones Containing an Insert of the
Human HRG Gene—A. X Charon 4A human genomic DNA
library was screened for HRG by means of the plaque
hybridization method using a radiolabeled cDN A for human
HRG as the hybridization probe as described (26). The
positive clones were plaque-purified and phage DNA was
prepared by the liquid culture lysis method (26). The insert
DNA fragments were recovered by digestion of cloned
phage DNA with EcoBl or Xbal and then subcloned into the
pUC19 plasmid. The screening process and partial charac-
terization of the HRG gene were preliminarily reported
previously (27).

Rescreening of the Human Liver cDNA Library—A
human liver cDNA library in Agtll enriched in 5' se-

quences (5'-stretch cDNA library) was screened for HRG
cDNA by the plaque hybridization method. A 1.9 kb insert
of the human HRG cDNA clone was labeled with digoxi-
genin-dUTP and used as the probe for plaque hybridization
according to Boehringer's protocol. After isolating the
positive clones, the 5'-portion of each cDNA insert was
amplified with HRG-specific primer I (Table I) and one of
the A insert amplimers placed just outside the cloning site
(Clontech). The amplified fragments were digested with
restriction endonucleases, .EcoRI and Pstl, and then sub-
cloned into the pUC19 plasmid for sequencing.

Rapid Amplification of cDNA 5' Ends (5'-RACE)—5'-
RACE analysis (28) was performed with a 5'-RACE system
(GibcoBRL) according to the manufacturer's instruction.
Primers I and II (Table I) were used as gene specific
primers. The amplified fragments were digested with Spel
and Pstl, and then ligated to pUC19. Thirteen clones were
isolated and the nucleotide sequences of their insert DNAs
were determined.

Sequence Determination—The nucleotide sequence was
determined by the dideoxy chain termination method with
a Sequenase Ver 2.0 DNA Sequencing Kit (United States
Biochemicals, Cleveland, OH, USA) and [»-35S]dATP.
Template DNA was alkali-denatured prior to annealing
with the universal —40 or reverse sequencing primer
according to USB's instructions.

Promoter Assay—The 5'-flanking region of the HRG gene
was amplified by PCR using primers HI and IV (Table I),
and digested with PmaCl and Xbal to isolate the product.
This fragment was inserted into the pCAT Basic or pCAT
Enhancer plasmid, which had been pretreated with Sail,
blunt-ended with Klenow DNA polymerase, and then
digested with Xbal to create blunt and cohesive ends. Then,
utilizing the intrinsic BglK ( — 262) site of the insert and
Hindm site of the pCAT vector, the Hindm/BgIH frag-
ments of these constructs were replaced by various sub-
cloned gene fragments of 5'-noncoding region of different
sizes. These plasmids (10 fxg) were then transfected into
human hepatoma HepG2 cells (RIKEN Cell Bank
RCB0459) or human kidney 293 cells (Invitrogen) by the
calcium phosphate transfection method (26) together with
the pSV/?G plasmid (5 ^g) to correct possible variations in
transfection efficiency. The cells were cultured under a 3%
CO2 atmosphere for 22 h, followed by under 5% CO2 for a
further 24 h in fresh medium, and then harvested. The
chloramphenicol acetyl-transferase (CAT) activity of cell
extracts was measured by HPLC on a mixed-functional

TABLE I. Synthetic oligonucleotides used as primers.
Primer No. Sequence (Direction)
I.

n.
m.
IV.

v.
VI.

5'-CAGCACTGCAGTCAGTGGGACTCA-3'
200 177

5'-CCAGATCTTACTGAGGGTCGAAGACTTCACA-3'
862 842

5'-GACTCGAGATGCTGCCTAACTGGCTG-3'
-1326 -1309

5'-TCTCTAGATATGATCTGCCACTGCAGAG-3'
-21 -40

5'-CCGAATTCTAATAAAGATCAGGAAATAATTAATG-3'
13 39

5'-GGGGATCCTTTAATTATCTAATTCACCTTCATAT-3'
106 80

(reverse)

(reverse)

(forward)

(reverse)

(forward)

(reverse)

Numbers below the underlined sequences of primers I, n, V, and VI indicate their positions in the reported cDNA sequence (26). Numbers
below the sequences of primers HI and IV indicate the positions in the gene sequence upstream from the initiation codon, ATG.
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Fig. 1. Structure of the human HRG gene. Exons are represented
as black boxes and the locations of repeat structures are indicated by
"TA" or "GA." The locations and directions of the Alu repeats are
shown by box-like arrows. In the middle portion, the locations of six
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EcoBl fragments are shown. The direction and extent of sequencing
are indicated by arrows. A partial restriction map is shown at the
bottom. E, EcoBi; H, HindHI; K, Kpnl; X, Xbal.

reverse phase column (manuscript in preparation), and
yS-galactosidase activity was assayed as described {29).

RESULTS

Screening of the Human HRG Gene Clones and Nucleo-
tide Sequence Determination—Several positive clones were
isolated from the A Charon 4A phage library as reported
previously (27), but only clone 32 covered all 7 exons and
thus was used for the nucleotide sequence analysis. Clone
32 had an insert of about 17 kb consisting of 7 EcoBl
fragments, i.e. El (6.5 kb), E2-1 andE2-2 (3.3 kbeach), E3
(1.5 kb), E4 (1.2 kb), E5 (0.6 kb), and E6 (0.5 kb). The
nucleotide sequence of each fragment except for that of E3,
which was derived from the 3'-end of the insert and located
downstream of the HKG gene, was completely determined
in both directions after subcloning various fragments
obtained on restriction endonuclease digestion. The direc-
tion and extent of sequencing are summarized in Fig. 1,
together with a partial restriction map. The nucleotide
sequence of 15,499 bases was determined, as shown in Fig.
2. On comparison with the cDNA sequence, the gene for
human HRG was shown to be composed of six small exons,
I through VI (81 to 206 bp), and one large exon, VH (1,189
bp). The size of introns varied between 886 bp (intron B)
and 2,721 bp (intron A). The nucleotide sequences around
all the intron-exon boundaries are well conserved and agree
with the consensus sequence of Mount (30). All the splice
junctions are Type 0 except intron C, which is Type I (31).

Search for the 5' - Terminal Region of the Reported cDNA
Sequence—In the course of sequencing work on the HRG
gene, the first 103 nucleotide sequence of the reported HRG
cDNA (16) was not found in the gene sequence. PCR with
a pair of primers, V and VI (Table I), could not amplify this
region from the X EMBL3 human genomic library. This
suggests the 103 nucleotide sequence may not be derived
from the human genome. Then, we searched a database for
this sequence. A part of yeast mitochondrial DNA encoding
21S ribosomal RNA (GenBank accession No. J01527) was
found to match this sequence completely. Therefore, we

concluded that the first 103 nucleotides of the reported
cDNA sequence had been derived from the yeast mitochon-
drial DNA.

Determination of the 5' -End of Human HRG cDNA—To
determine the real 5' -end of HRG cDNA, a new human liver
cDNA library was screened and the 5'-end of the insert of
each positive clone was analyzed as described under "MATE-
RIALS AND METHODS." Connection of the unrelated se-
quences to the HRG cDNA were observed in 9 out of the 13
clones newly analyzed. The other four clones had less than
13 bases of 5' non-coding sequence. A homology search of
the unknown portions against databases revealed that one
clone had a 214-base fragment of human mitochondrial
DNA (GenBank accession No. M10546) that is attached to
human HRG cDNA at C(22), and another clone had a 44-
base sequence of the human homolog of mouse ribosomal
protein L3 (accession No. Y00225) attached at A( - 6). The
numbers in parentheses indicate the positions from the
initiation ATG. Other clones also had various unrelated
sequences (14 to 168 bases) which were attached to the
HRG cDNA at various positions ( - 2 1 to 14). Thus the real
5'-end of the cDNA for human HRG could not be deter-
mined by recloning and sequence analyses of these cDNA
clones.

Then, 5'-RACE analysis was performed and the se-
quences of 13 clones were analyzed. Four clones had a
sequence starting from A(—18), four from A( — 23), three
from G(-20) or C(-19), and one each from A(-28) and
T( - 7). The initial G( - 20) could not be distinguished from
C( —19) by this method since polyC was ligated to the
reverse transcribed fragments in the first step. The 104th
nucleotide of the reported cDNA sequence corresponds to
one of the major starting points, A(—18).

Search for the Liver-Specific Promote)—The 1.5 kb
fragment of the 5'-flanking region of the human HRG gene
was ligated to the reporter (CAT) gene, and then transfect-
ed into human hepatoma HepG2 and human kidney 293
cells. As shown in Fig. 3, considerable CAT activity (13.6%)
was detected in HepG2 cells transfected with the pCAT
Enhancer-based vector which contained an SV40 enhancer.
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5' catctgaggc
ttactaccat
ctgtattgct
attcctgttc
aatatagcca
tgggttggag
tgacattaaa
tctttctgtc
actaccaata
tgaagccgag
cagtgaggac
gtgtgaaggt
tccacgtgaa
atctactcta
gcgatctcag
agctaatttt
agtgctggga
aggaaactat
tcttcattgt
tttagtgcca
accaacatag
catttctcag
aaaatgtatc
ATGAAGGCAC
M K A

CTCTAGACCT
A L D L
gcagagctga
tggcttctgc
atttatgctg
aggcaaacag
aggccaggcg
gtgaaaccct
gaactcggga
aagaaaacat
agaattcaca
tttgagttct
taggtcagag
attctaccat
acagatctgg
atagccaagt
catgggtagg
gagccatbga
caagcttact
aaataaccta
aggcactgtg
ggcatoggat
acagggacat
acatgagaga
gagtctaagg
caaagcaaca
acttatactt
gaccacttaa
aacaggaatt
tcagGAAAAT

E N
TCCAGACGTC
S R R
ctaacacagt
tcaagacaac
ttgactgtaa
gtcctatgaa
agatctggct
tccagaaaat
tctcctgagg
aatgaacagt
cttacagGTG

V
atggtaatct
agatgtattc
ggtactggca
ttgctttagc
aaaataattg
tccacagctt
tccacctccc
gagatggagt
gccaccacgc
acaaaaatgc
cccccttggc
gttgcttgag
taaatatatg
gaatgtcata
agaaagactc
ccttaaaatg

20
cactctctag
tcagcttcct
ctttaagatt
ttgatgcctc
taatagaaaa
cctcttaaca
agttcaattg
ttcaaatcct
ccaaagtcca
tctgagagac
ggaacctagg
agggggtcag
tcaattcttt
tgccaagaat
ctcactgcaa
ttgtattttt
ttacaggcat
cagagaagtt
tctattttac
tgatccatca
gcactgctta
ctttctgccc
aaggttttgt
TCATTGCAGC
L I A A
GATCAATAAA

I N K
gttgggagat
ggctgctcta
agcccagtta
tgtaagttac
cggtggctca
gtctctacta
ggcagaggtt
acaaatttat
aaggctgtgc
tcatggcctc
aatgtcttta
ctgtgactgt
cttctgaggc
gaccaaagga
atttgaacag
atataagcag
gtcttcactt
ctctccctct
ggttgcagag
gcatcagcac
gaagtagaaa
cgttgccaag
caatatgttg
tcaaagcaga
ccaggcatgc
aaagatttgg
ctgtttaagt
ACAACTGTAT

T T V
CATCTGAAAT
P S E I
agaagagaaa
tcagcagggt
aataagaagt
caatggtcct
ttgcatgtgg
gagaggttca
attttgagtg
aggaggatgt
ATCGGACAAT

I G Q
gttaaattgc
atgtatatct
caccttcttt
ttgagtcatc
atgctcaaag
ttttatttat
gggttcaagc
ttctccatgt
ccagcctcca
aagatactgc
aacaacagga
cccaggagtt
atatataata
gttgtcatat
gaaggaagaa
aaagttattg

ttcccataat
cccaaccatt
cagtaaagca
ttcccatccc
acttcattaa
ccttgaccag
caaacattat
ttccctctct
ctcccagaga
atgactgcag
ctgattccct
cccagtcccc
ttgcagggaa
tatactggtt
tctccgcctc
agtagagaca
gagccaccgc
ttgttgctta
ctgaagtcat
gtccactgac
tattcaaaga
ccaggaccca
ttaatcaatt
ACTGCTTTTG

L L L
AGGCGACGGG
R R R
tactcacggg
aattgttctt
catgctaagg
taggataaac
cgcctgtaat
aaaatacaaa
gcagtgagtc
ttaatccaag
agaatgcaga
tctgtgtggc
tggccagctc
cctggagaag
ccttcccatt
gtggtaaatg
gtctgggtaa
gtgggttcca
agattacacg
gatggaaaaa
aacaggtgtg
agagctgcct
gctatttatg
aaagaccatt
ttagtggtgc
aaatcccatg
gtaggtgttg
aaataactca
aataaatata
ATTACTTAGT
Y Y L V
Agtaagtaaa

gggcagcttt
gtgtggtccc
gggtttagga
attttcagga
gaggtgggta
cactcctgga
ccaacaggat
tgcatcacct
GTAAGGTAAT
C K V I
taattaattc
atgatgtaca
taaagaaatt
atctgccagt
aagttaaatg
ttatttttat
aattctcctg
tggtcaggct
taccctttta
cacaggagtt
agaacttatt
tgagactagc
taaaaacata
ttatatatat
tcagcagttt
tcattcttgc

40
gctaatagga
accatcccag
acaggaagag
ctcaacattc
ggagctcaac
attccataca
tcaaaacctg
tcagttcact
ttctgattaa
actctcacag
ctggtccctt
ccctgctgat
ttggggtggc
gctttctttt
ccgggttcaa
gggtttcacc
acccagcctg
cccagcatta
tccttttata
tgatgatgga
cgtactttag
ctaatcattt
gcgtgtgttt
ATCACATTGC
I- T L

ATGGCTACCT
D G Y L
ggcaaatgtg
ttttccttca
actgccagag
tagagagaag
cccagcactt
aactagctgg
gagatcatgc
gtttacctga
agtgtgatgg
atttcttgct
ctacaaagaa
agaaatttta
ttcttcagtt
tactggagca
atgtgttcct
gaagttccat
cctacctaaa
ctgaaattag
caggagttta
ctgagagcta
tattcaggaa
cagggcctgg
cactgacaaa
atcagtaata
atgcctcctc
ttgaagctat
tagctttaat
CTTAGATGTG

L D V
gagggcacct

tgccttgaga
atcaaagagc
attcatggac
atggccaaag
ttgacatgcc
actttcacca
gcagcacaca
ttttgctctt
AGCTACAAGA

A T R
ttgattaata
tgaaagaaaa
caacacataa
tgtatagtct
acttggcctc
ttttgagaca
tctcagcctc
ggcctcaaac
atttacattt
tgcattgaag
aaaatattag
ctgggcaatg
tgatatatta
atgttagcac
agttcggttg
caccaagcca

CACTGGCCAA TACCAAAGAT
A L A N T K D
GGAGAATGAT GACTTTGCCT

E N D D F A

AGTCCGGTCC TCATAGATTT
S P V L I D F

CTTTCAGAGT GGACCGAATC
S F R V D R I

accatcccca
cacccttaat
gatgcatgac
ccattccttt
tcataataac
ttcctgtcat
ttgcactcat
ctagaatccc
attgtcctgg
acactcactg
ctgatgctgc
cccttctcac
atgaggtgtc
tttctttctt
gtgattctcc
atgttggcca
atttcttatt
cacagtaaga
atggtacctg
gatttccagc
atctgctatc
acagcttgtt
cagaaagtct
AGTATTCGTG
Q Y S C
TTTCCAATTG

F Q L
actctacccc
aactaatatt
aaacattaga
gaaaagtttt
tgggaggcca
gcatggtggt
cactgcactc
cactggagtc
gacaaaaggc
cccaagtatg
agacacaggg
gtttctatgg
caaaggactc
atttaatgag
ggtgaattcc
gtgggctctg
ctggactaga
ggaggccaga
ggattcaacc
gcatagagag
tgaaagaaca
tactggatag
gacgagggaa
gagctgggca
taaaccacca
gtattggaat
acataaaaaa
CAAGAATCGG
Q E S
tcactctgct

ttcatgaaga
ataaccagct
tctaagggcc
taattacttg
aggctctctg
ctttttccct
gaaactgact
tcatatctga
CATTCCCATG

H S H
caaattcaat
gccttcatag
aaatagagat
tgggaggaag
aagaacaaag
.gagtgtcgct
ccaagtagct
tcttgacctc
tcaaatagaa
aaaggatgat
tggcctggtg
tgactcaacc
tataatatat
tttatcagtg
ccaaatggct
ccattaacat

CTTTGAGGAT
F E D

GAGAGAGTTG
E R V

60
aagccaaata
gtgctctctc
tccctgaggt
ccctacacca
aaaaactcaa
tCtctgttgc
taaccctgtg
agtaattctc
aggagtcctt
cggatagaac
tggctctgct
agtgggatgg
cccaacttct
tcttttttag
tgcctcagcc
gactggtctc
taattatcac
aagtaataga
tttaacatgt
tgagacaggc
tactagaaaa
gatggttatt
gtataaaatt
TGCCGTGAGT
A V S

CTGCGGATTG
L R I
ctaggcttac
tgttattagt
ataagctatg
ctcaaccctc
aggcggacgg
gcacgcctgt
cagcctgggc
ttcataaatg
tgtaatctaa
ggacaggatc
ggaaggttag
cttgccttgg
agcacgccaa
gggagatcta
tggcaccacc
gagcaggcat
ggagccgata
caaggagtac
agtaattcag
cgggtggatg
agggtcagac
caaaagcaag
gtggagaggg
agaggacaca
ctgccgttta
caatagatca
aaaacccgct
ACTGTTCGGT
•D C S V
cttttcattc

tgatgttaac
gtgggtcctt
ttccactctt
cagtgaggaa
acacaggtgg
tgaaaatgtt
aagaaaatgc
cctgaggaag
AATCTCAGGA
E S Q D
catacagtgg
actccattat
ttaggagagg
taaagtcttg
ccaagatatt
cttgctaccc
aggattacag
aggtgatctg
ttatcacagg
ctgtatcttc
cggtggctca
ccatctctat
aaatatataa
gtactggtga
gattgatctt
ttccagccct

ACTGAGCGCT
T P R
CAAGAGTGgt
A R V

tcacttaccg
ccctgaagct
actctgtagt
gcatttggtt
aatagttttt
actggactgg
acttgtggaa
aaccttgact
gacatcagga
agggaggaat
ggtctgaggg
gcatccaact
ttgcaggcac
atggaatctc
tcccaagtag
aatctcctga
acaagcctgc
gccaggtgag
tcccccgctt
aggcagatgg
atccagattt
tgaacccagg
ctctgcagtg
CCCACTGACT
P T D

CTGATGCCCA
A D A H
tgctttgcac
gtacccgcaa
ggccttggcc
ctaaggctcc
atcatgaggt
aatcccagct
aacaaagcta
aagactcaga
gagtcataga
cctttggaat
attcatattt
gggagaaagc
aagtaccata
gtaagactgg
acttctaggt
caggtgggag
gacattatag
tacagaggac
tgaccattag
gggaggggtc
ctgggttagt
gacaaggaaa
cagctagttt
actacaagga
gtgatagctt
aatgacgcaa
aggtttccat
CCTATCCAGG

L S R
ttattttcca

cttgagcaat
gggtaaatca
gacagtctac
ttgggtcttg
agaacatgaa
tggggtatgg
agggtttgag
gcaggatgca
CCTCAGAGTG

L R V
tatttgtctc
tattcattct
taggttagcc
ggactatgaa
gtgaagatgt
aggctggagt
gcatatgcca
cccaccttga
attccttttt
tcctctctct
catctataat
tatttaatat
tagatattat
aggcatcatg
gaagcagtta
ttactgtgac

80
gatcagagtt
gctccagttg
ctcagcagaa
cacccaggac
gttttaatca
tcccattggg
atgagatcta
gcacacactg
ctttttaaag
ggagatgctg
ttgcatatag
atttgactct
actaataata
acactgtcgc
ctgcgattac
ccttgtgatc
caagaggtat
aaattcagat
agataatgca
aggaaaatta
gtgcagatca
gtcaaggtga
gcagatcATA
GCAGTGCTGT
C S A V
CTTGGACAGA

L D R
aatgaatggc
ctatgattcg
tccaggaaat
taactgagcc
caggagttca
actcaggggg
gactccatct
tatccaaaga
ctgaaagaag
gcggatctga
taggatttat
agagtaggag
ctttgagata
atgggaggag
gggtatggaa
ccaagcctgt
agagacatga
aatttaccct
tcccatgcca
ctgatgtgcc
gggagtcagg
acatctcgta
gtaagagaag
cagattggag
cttcaagttt
aggtagagca
gtgctactca
AAATACTGGA
K Y W
tctactctgt

actcttgaga
tctaataaca
aggtatcaga
ctcagcacct
gatgaataag
ccatgatgct
acaagctttg
atgactcagc
ATTGACTTTA

I D F
atctatgtac
ccagagaata
tcattataga
gtaaaggtta
gacacaatcc
gcaatagtgt
ccacatccaa
cctcccaaag
aaaatagcaa
gggcaaaact
cccagcactt
atatgttaat
ataatagata
agtaggggtc
ctcagctctt
actgctatct

ACAGAAAACA AGCCAACAAA
Y R K Q A N K
gagtctccac taaggttcgg

ctcaggacag
ctagaatggc
cagcactgta
accccattta
atagctttcc
tatttaaaag
cttttcatac
gattacctag
ctcctggggt
cctaactggc
gtatacgggt
tactctcacc
aatagcatca
ccgagctgga
aggcatgtgc
agcctgcctt
caatccatat
ttgacttcaa
gctgccttct
cccctagccc
cagttccacc
acaccctcag
GCAAGGGATG
TGAGCCGGAG

E P E
GTGgtgagga
V
tttggtcaga
atttgtgggt
aataatacac
tgaaataaaa
agaccagcct
ttgaggcaga
caaaaaaaaa
aactggccac
gacccagcaa
ggacctacta
ggatgctttc
aacaaagggc
ccatgttctg
gcttctgctg
tcaggaagaa
gggcttgtct
agcctgcctc
tctgaaagta
ggctcatcaa
tggggaaact
gcaatgagac
ggtttacatg
agagaggatt
gccctgatga
atgggcagaa
tctgcaaaga
catgttgctt
ATGACTGTGA
N D C E
tcactcagcc

gtctttcctg
tccctccact
atctatgaac
aggatataca
cagagattca
ttaaatagtt
atgaaagaaa
aagtcctcaa
ACTGCACCAC
N C T T
atatgtattc
gaattgagac
tataggcttt
tgacactttc
caggagtatt
gatctcggct
caaattttgt
tgctgggatt
atccaaatat
ctatgttaat
tgggaggttg
atatatatca
atatatattt
acaacataga
cccaccctca
tctttctcca

GCCCTTGAGA
A L E
ttggagtctg

100
aatgtctctc
atcattagta
ggaaaattat
gggtgcagcc
ccttccccac
ccagggttac
acctcccttt
gagtttaaaa
gattctaaca
tgtttcttgg
ttcttctgaa
accatcctct
cttattcagc
gtgcagtggc
caccatgccc
ggcctcccaa
ttcgtaaatg
aacgacagcc
actgaggagt
catcccctac
cactcatcag
ttacacaaca
GTTTAACAAA
GCTGAGAAAG
A E K
attgccaatg

gttttttgtt
acatataagc
tggcacatac
ctggtagaca
ggccaacatg
agaatcgctt
aaagaagaag
ttgcatactt
ggcctctctg
tcaaacagag
ggggagaggg
agaaggtcag
agccccaaca
tgtaatgatg
gggtgttagg
tgaggtgaaa
taagctcccc
tcacagaggg
cacatgttag
gaggcaagag
tgaggaatag
ttttacccca
tagctttggg
ggtcgtcatg
gacaaatcag
cagtgagagg
ttggcattcc
GCCACCTGAT

P P D
aatgcctggg

ggaacccagt
ttggtgtttt
ttgtaattgt
ctgaggaata
agatttcatt
tctcgctggt
tgcattttta
gagcctcttt
AAGTTCTGgt

S S
atatatattc
aaatttccct
ggagtcaggc
tatttaagac
aactctaaat
cactgcaacc
atttttagta
acaggtgtga
gatattatat
gctctgtctt
aggccagagg
tattaatacc
atatattaac
catggggatc
atttgcccat
gTCTCTTCAG
V S S
AGTACAAAGA
K Y K E
aaggcccagg
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Fig. 2 (continued on next page)

Vol. 125, No. 3, 1999

 at C
hanghua C

hristian H
ospital on O

ctober 1, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


526 S. Wakabayashi et al.

ctccaacctg
cagcaggtat
aaatctaaag
ttcagagaaa
gtagagcaac
aagaatgttt
aacacttaga
agtgcaggag
ttttaaaagg
tttttccttt

ACTGCCCCAG
N C P R
gaaggagaag
aagtatcatc
cgctcttgtt
aactgggatt
atctcaggtg
acactaccat
aatatacatg
aagtggtttt
cacaaccaag
gacattatta
caaggaaaag
aattttaatt
cttctaatgt
tcttggtgtg
cccacaacct
aagccaggat
gatctttcac
tgtccatgaa
ttcctcattg
acccatgggg
ggaaagattg
tggtcatctt

CTTGGACTTG
L D L

agtgacatac
gagacagaga
ggagtgcaat
aaacttgaag
atatatcagc
gtacaaagat
gcaggattgt
ctcggctcac
attttgcatt
tgggattaca
ctttaggagt
ataatattgt
actctgatat
aagctgagab
ctatgtctca
ctgagaggtg
gtgaaacaat
attgatttgt
accttttcca

ATTCAAGCCC
F K P

CCACTTCCAC
P L P

ATAATTCCAG
N N S S
TAGACAGCAT

R Q H
TTCCAAGACT
F Q D

GTAAAGGACC
G K G P
TCCCAGCTTC

P S F
GGGTTTCCAC
G F P

AATAAAATGA
GAGAGATCAA
CAGAATCTCC
tgttatcatt
acctatcaac
gtgacctaaa
ataaattgca
atgccatcct
ggatctcaca
atagccatcc
tgtacactag
gagatctcct
tttattttta

gcagcaggaa
ttaaaaaata
aggaaacagg
ttacctcacc
tggtcgacat
ggacccatgc
tctccctgtg
gggtgatttt
cagaaaccat
ttctttgtct

ACACCATTTC
H H F

gagaaggaga
tgggaagcac
gcccaggctg
acaggcatgc
tccacccact
atgagataga
atatatacct
attaattcca
ctgagattaa
ataccacctg
caagtatctg
atgatgccaa
ccacactgaa
gataatgtaa
gtgagtacat
taacataggt
aggtgggttt
aacccatctt
tcctaggcac
aagcccagtg
ctgaacgact
cacaccacct

GAAAGCCCGA
E S P

gtacacaaat
cagagagagg
tgccagatta
gaatttgaaa
ctcaaattta
ttgcttcacg
caccatgaac
cacaacctct
tttagtagag
gacatgagcc
aagggatgtt
ttcaccactc
tgtgtttctg
gggtggatta
aaaaaagaaa
gatgttgcaa
gatggtggta
ggaatctatg
gGAACATGAG

E H E
CATGGATCTA
H G S

AAGGCCCTCC
Q G P P
TGACCTCCAT

D L H
CCCCATGGAC
P H G

ATGGACCTTG
Y G P C
CCGTCCCTTC

R P F
CCATTGCCGC
P L P

AAGTTTCCAT
Q V S M
CCAGTAATTG
ATGGAAAGGA
TTCTTTCCTG
tatttcattt
ccatcaccta
ttctctcctc
aagaagcttg
actggcttag
ccatgccaag
tgctcaggga
ccatggacat
ctgcctcaga
gggccagaag

ctgaatggca
caaaaaaatt
gaaagacaag
acacccagta
ttgctatgca
gcactggagt
tatgtgtaac
tcacactcta
tttaaaaaat
gttcttgaaa

CCCAGACACC
P R H

ggaaggagaa
ttagtacctg
gagtgcaatg
accaccacgc
tcggctggga
taccattttt
aaacttaaaa
catcatcaca
aacttagtta
gcatttgcat
cctacatttc
gtccaggatt
ccaggtctag
acccagagtt
agtattatcc
ctctctgatt
aggagcatct
tatgctatac
aggcaactga
ctggtgcctg
ggtgggaata
ggacacacac

AAAACCTTGT
K N L V
agtgttgttg
gagacaggga
cacaaaaagt
atgctctttg
ttatgtaaat
aaatttttca
atggctctgt
gcctcctggg
aaggggtttc
accgtgcccg
gataccatca
tgtgtagtaa
gctctttctt
cttgaaacaa
aaaaaaaatt
tgagcagaga
aatgatagtt
atctgggagc
AACATCAATG
N I N
GAGATCATCA
R D H H
TCCACTATTG

P L L
CCCCATAAGC
P H K

ACCACCCCCA
H H P H
TGACCCACCA

D P P
CATTGCAGAC
H C R

ACCACAAACA
H H K H
GTTTTTTACA

F F T
TGAAAATTAC
GAGGAAAGAA
GACTTAACTC
tattttctaa
ggtattaagc
gtgattatta
ctaacatgaa
tggaaattta
ctgtccaggt
aagtcacaac
gactgccaag
gaccccttac
actttttcca

taccctctcc
gctttcctca
aacatatgag
atgtgcctat
ttcagaaaat
ttgaaaacat
acatctagga
ctttatcata
gacacatact
ctattttgat

CCAATgtgag
P N
gaaggagaag
ccaggcactc
gcacagtgtc
ccagctaatt
ttacaaatca
aatcccaaat
ctaagtttct
ctcacaggaa
ttctcataca
ggtgacctac
ctgtgacaag
tttctgaggt
aaaccttctt
gaagcaccag
ccattttaca
cccaaactgt
ggagcacagg
agatgccctc
ggtctccagt
ctcatgaaaa
tctgatcata
actaacagct

CATAAACTGT
I N C

cttcctaaag
gagagagaaa
atgaaaactt
tagtcgggac
gtatataaaa
tatcagaaac
cttttttttt
ttcaagcgat
tccatgttgg
gcctctgtag
agcctcagtt
aaatgaaaaa
ttttttttaa
ggagttcaac
aggtgggcat
tcgcaccact
attgttaata
cattggtgta
GTGTACCGCC
G V P P
TCATCCCCAC

H P H
CCCATGTCCT
P M S

ATCATTCCCA
H H S H
TGGACACCAT

G H H
CCCCATAACC
P H N

AAATTGGATC
Q I G S
TCCTCTAAAG

P h K
CATACATTTC
H T F

AGTTCTTTTC
CTCAGTGCTG
TAATTCTAGA
gttccagggc
ccagcatgct
ctaggcatct
tcatgaccat
accccagtcc
ggtaggaagc
cctgttcaca
gtatggcata
ctcactcttc
cactatactc

acctgcctca
aacacttgtt
ggttgtgtca
agttagatgg
gcagcgttaa
attggtatag
aaacactcga
Catttattat
ggtgattttg
cccatctgtt

tataagaaat

aggaatgaga
ttctaagtga
ggctcactgc
tttgtatttt
aagtgctggg
tagcagatag
aactgattag
tcccacttga
aagtccagtg
agttaaagaa
gggacctgaa
ttaacaacac
agcgcccacc
agctgaagag
atggctgact
actcagaacc
agtggcagcc
ctgtccaaca
gcagaagggt
aaaccacagc
ttaccctgat
cctcattcct

GAAGTCTTCG
E V F
ctctatgagt
gagagagaca
ttccaagaat
tctagtgctg
taagatgcaa
aaaacttaaa
tttttttttt
tctcctgcct
tcaggttggt
ctatttttta
aagaatatca
aaaataagga
atcaaaattt
atggtgaaac
ggtggcttgg
gcactccaga
ttttaaatat
aatcaagtca
TCATTTGGGA

H L G
AAGCCACACG
K P H
GCTCAAGTTG
C S S C
TGAACAGCAT

E Q H
CCTCATGGAC
P H G

AAGGTCACTG
.Q G H C
TGTGTACCGA

V Y R
CCAGACAATC
P D N

CAAAATAAAA
P K
AACCTACTTT
CCTATTAGTA
GTCTCTGTTA
acatgtgcag
ctagttcttt
aaat;tttctt
aaattcaggt
ttcttggagt
aggatagtga
tcactctttc
tggctgctct
tccctatacc
ctctttcttt

attgactagc
ttttttttga
ttgcaaatca
ttccctgctc
atagattgtg
gaaaatgcag
agaggaaaca
ttgaaccttt
aattctcata
ctagAGAGGA

R G
gtctgtgatc

aggagaaaat
tttacacatc
aacctccgcc
tagtagagat
yttacaggcg
gggaactgag
gattaaaggc
caaatgagga
ggatttttcc
acacctccac
attaaaacca
attctccctg
agaaaagaca
gaggctcagg
ttcagaaatc
tcaatgctta
agttgtagcc
ctttcctcca
tggcctaaag
aactttagtg
ttttctaaag
ttgtagGTCT

V
ACCCTCAGgt
D P Q
gggtgtgtgt
gacagacatg
tgaagagggg
agacttagtc
aaccatattt
ataatccaaa
tgagaaggag
cagcctcctg
ctcaaactcc
aaaaattaaa
gttataaggc
taatgaagtt
cattccaggc
ctgtctctac
gcgtgtagtc
ctgggtgaca
caactgggct
agtatctaac
CATCCCTTCC
H P F

AACATGGACC
E H G P
TCAACATGCC
Q H A

CCCCACGGAC
P H G

ACCACCCCCA
H H P H
TTGCCATGGC
C H G

CTCCCTCCTC
L P P

AGCCCTTTCC
Q P F P
TGTGATTCCT

CATACTGAAG
GTTAATTCTC
CTGCTTGGGC
ggtgtgcagg
ttccgaatgc
ttggaaaaat
gcataagaaa
cccctttccc
ctacccctca
agtctgattt
ctccctggga
ttctccctca
ttcctcctca

tgccttttaa
aggatgggta
tccaatacta
tctctacaag
Ctgcatacaa
gttatagaac
catcaaataa
Ccagtgaact
ctgccttaaa
GGGGAAGGAA
G E G
gttgactaga

gaggaggagg
agataactta
Ccccgggttc
ggggtttcac
caagccacca
gcacagagaa
ttagttagaa
ggtaactgaa
Cctaatcatt
atctgttatt
cttacctaaa
gtcaaaaggg
cctccctccc
ggtaagtgtt
ttttgtaact
gcaatttctt
ctggcacttg
agggaccagc
gcaaggcagc
atacccttca
cacttcttcc
TTGGATTCTG
F G F C
gggttgtcta

gtgtgtgtgt
caagaaaaaa
taacaattgg
attcctaagc
tgcatctgtc
catccaatcc
ttttgctctt
agtagctagg
tgaccttagg
ctctgaacaa
actagttttc
ttttatatct
tgggcatggt
taaaaataca
ccagctactt
gagcgagact
agataacaat
atcttctttt
ACTGGGGTGG
H W G G
CCCACCTCCT
P P P

ACTTTTGGCA
T F G
ACCATCCCCA
H H P H
TGGACACCAT
G H H

CACGGCCCAC
H G P
TAAGAAAAGG
L R K G
TCAATCAGTC
Q S V

TTGAAGAGGA

ATGCAGCAAA
TCACTCACCA
TATACCTGGG
tttgttataC
tctcctgctt
aagttctaaa
tgtcacttta
tgccctgcta
gccagggtga
atctgctacC
tcttgctgtc
gctaacgact
aatcaggacC

ttlgtcactt
ggggagtaga
acattcttgt
gacccaagta
gtaaggaaat
agtacttaga
atgagaatga
ggtattcacc
aaatattgaa
CTGGTTACTT
T G Y F
gtcacagaga

agaaggagga
ttgttttgtt
aggcgattct
catgttggtc
tgcccagcct
cataagcgaa
ctatagcagt
aatcagcaaa
tacaaataga
gccaggagag
ggcacttagc
agaaaccatc
ctactcctat
ttacagcatc
ttcccaaact
ctagcagaca
ggtggagtca
tgaagttgta
aatgatgtgg
ccacctgcac
ttttctgaat
CAGAGCAGAT

R A D
agcagacttt

gtgagagaga
gatacagaga
cagaaaatta
ttatattatt
tcagaaatct
caagttaaaa
attgcccagg
attacaggca
tgatccacct
ggaagagaga
cagtgttggt
aacatttatc
ggctcatgcc
aaaattagga
gggaggctga
cagtctcaga
ttgagaatct
atgttacatg
GCATGAGCGT

H E R
CCAGATGAAA
P D E

CAAATGGGGC
T N G A
TGCACACCAT
A H H

CCCCATGGAC
P H G

CACCTGGGCA
P P G H
TGAGGTGCTG

E V L
TCTGAATCAT
S E S

AAATGAATAA

ATGTGAATGG
CTACATCACT
CATACTAATA
aggtaaaagc
cccaccctcc
ttcagtattg
tgctcagaac
ctttccacac
ctgttggacc
tctgtagaaa
ttcccagctg
ctcttgctag
caatcatttg

ttgaggccat
catctgacag
actatgatgg
ctttcaccca
gagtaccatg
ctatggaccc
aaactctggg
ttatcactta
tggtagttat
CGTGGACTTC
V D F

aaaaagaaag

agaaatgtct
ttgtttttga
cctgcctcag
aggttggtct
atgataactt
ccataagaac
tcgtactaag
ggaaaggtct
ttcccatgta
cctcatgaaa
tagagagtgt
cattagtacc
ggccaacaaa
ctcttgttta
cagacaacta
gccgtcctct
gcagacactt
aaaatccctc
ttttcctcat
tttccccaaa
gtctggaagc
TTGTTCTATG

L F Y
gtcatggcag

gagagagaga
gtatcccaca
aaatcatgtc
gggcatagaa
ttggtctatt
aaaagaaaaa
ctggaataca
tgcgccacca
gcctcagcct
gaagaggtca
ctacagatgg
catctaaagg
tgtaatccca
gtctgggcaa
ggcaggagaa
aaaaaaaaat
tttttcgtaa
atgataggca
TCTTCTACCA
S S T

GAGATCACTC
R D H S
CCAAAGACAT
Q R H

CCTCATGAAC
P H E

ACCATCCCCA
H H P H
CTTAAGAAGG

L R R
CCACTTCCTG
P L P

GTCCAGGGAA
C P G K
TACATTGAAT

GAAAAGAGAT
TGAGACAAAT
AAGTATGGTA
atgccatggt
ccctatttat
aagcaaacaa
aaatcaattt
aaagttgggc
aatgatcatc
actgggggtg
catgcccaga
tctcaggtaa
aaacaaacta

aaaagacagg
agtagggaga
aaaactgaag
gagctgtctt
cagttgctca
atttatatga
aagaagttgg
ggtgatacat
ctactgcttt
TCTGTGCGGA
S V R
agaagaagga

gtgaaataca
gatggagttt
cctccggagt
caaactcctt
attaaccctc
atgattttat
accctacgcc
tgccgatgtt
cctgccagaa
atcctgctga
taggaaatgg
tttgttagct
cccttcatga
attaatccct
ggaaatggag
tgtcctagtc
gccttgacaa
tttgacacca
catttccatc
gtgttaacaa
taactctggc
ATGTAGAAGC
D V E A
tgccagatta

gagagagaca
actggggaaa
caattcaacc
tctaagagga
ttttacatga
ggaacaaagg
atggtgccat
tacctggcta
cccaaagttc
agtgttcagc
gtgccaggtc
acaatccttt
gcactttggg
cagagtaaga
ttgcttgaac
agtttctttt
tactttttaa
cttttctgtg
CCAAGCCTCC
T K P P
ACATGGACCC

H G P
TCTCATAATA
S H N

ATGATACCCA
H D T H
CTGCCATGAT

C H D
CGAGGCCCAG
R G P

AGGCCAATTT
E A N F
GTTCAAGAGT

F K S
TAGAAACATA

GGCCTGAGAA
CTATGCCACT
TTGAAACTAT
gctttgctgc
tattattaaa
acctctggct
ctatttgagg
cacagttcta
atcatgagtg
caggaatgtc
aagcagggca
gttcacttta
aaagaattc
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Fig. 2. Nncleotide sequence of the hnman H R G gene. Exon sequences are presented as capital letters together with the deduced amino acid
sequences.
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Structure of the Human HRG Gene 527

HepG2 293

pCATE pCATB pCATE

13.6% — 0.1%

16.9 2.1 % —

Fig. 3. Besults of CAT assays with
HepG2 and 283 cells. Various restriction
endonuclease fragments were ligated to the
pCAT Enhancer or pCAT Basic vector. Each
CAT activity ia expressed as a percentage of
that obtained with the pCAT Control vector,
which contains both an SV40 promoter and
enhancer.
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Fig. 4. Domain structure of human HRG
and locations of the introns. The locations
of introns are indicated by black triangles.
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Fig. 5. Comparison of the gene
structure of each cystatin domain
in human HKG, rat fetuin (33),
human kininogen (34), and human
cystatin C (32). Exons are boxed.
The sizes of exons and introns are
expressed as the numbers of nucleo-
tides.

500
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Then, the insert was deleted using various restriction
endonucleases and promoter activities were measured. The
length of the ligated 5'-flanking region of the human HRG
gene had little effect on the extent of expression, and the
shortest construct that contained the fragment encompass-
ing — 262 to —21 from the translation initiation site was
enough for expression of the maximum CAT activity
(28.3%). The fragments in the pCAT Basic vector, which
does not have an SV40 enhancer, also supported the
expression of CAT in HepG2 cells, although the CAT
activity was much lower than that in the case of the pCAT
Enhancer vector. On the other hand, the 5'-noncoding

region of the human HBG gene suppressed the expression
of CAT in kidney-derived 293 cells (0.1 to 1.996). These
results suggest that there is a liver-specific promoter
between —262 and —21 nucleotides from the initiation
ATG codon.

DISCUSSION

In this study, we determined the total 15,499 nucleotide
sequence of the gene for human HRG, as shown in Fig. 2.
The gene is composed of seven exons and six introns. The
domain structure of HRG and the localization of introns are
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-420 -410 -400 -390 -380 -370 -360 -350 -340 -330
5 ' GCTGCCTTCTACTGAC^AGTTTTAGTGCCATTATCCATCAGTCCACTGACTGATGATGGAGATTTC

A P - 1 A P - 1
PvuII

-320 -310 -300 -290 -280 -270 -260 -250 -240 -230
CCCCTAGCm^XCĴ CTACACCAACATAGGCACTGCTTATATTCAAAGACGTAClTTOGA

AP-2 GATA1
B g l l l

-220 -210 -200 -190 -180 -170 -160 -150 -140 -130
CAGTTCCACCCACTCATCAGCATTTCTCAGCTTTCTGCCCCCAGGACCCACTAATCAT^

NF-lB HNF-1 HNF-4

-120 -110 -100 -90 -80 -70 -60 -50 -40 -30
ACACCCTCAGTTACACAACAAAAATGTATCAAGGTTTTGTTTAATCAATTGCGTGTGTTTCAGA^

NF-lB C/EBP TBP
PstI

-20 -10 -1
GCAAGGGATGGTTTAACAAAATG 3 '

Fig. 6. Nucleotide sequence of the 5'-noncoding region of the human HRG gene and possible recognition sites for various
transcription factors. Possible recognition sequences are underlined. Numbers indicate the positions from the starting ATG. The recognition
sequences of some restriction endonucleases are shown in italics.

schematically represented in Fig. 4. Each cystatin domain
is encoded by three exons and the C-terminal part by one
large exon, which is quite similar to those of other members
of the cystatin superfamily, cystatin C (32), fetuin, which
is also referred to as <z2-HS glycoprotein (33), and Mnino-
gen (34). Moreover, the locations of introns in each cystatin
domain are well conserved in the cystatin superfamily
proteins, although the size of introns is highly variable both
within and between the genes for these proteins (Fig. 5).

There are seven Alu repeats (35), one in the 5'-flanking
region, one in intron A, two (one is half size) in C, one in E,
and two in F, as shown in Fig. 1. Since the average spacing
of Alu repeats was reported to be 5,000 nucleotides (35),
the HEG gene contains this element at a higher frequency.
There is one TA repeat in intron C and one GA repeat in
each of introns E and F. The GA repeat in intron F was first
reported by Hennis et al. (25) to be (GT)9(GA)14(CAGA-
GA)4(GA)2 (GenBank Accession No. Z17218), and the
dinucleotide repeat (GA) polymorphisms of this region
were suggested to be related to the elevated HEG level in
plasma (36). Similar but distinct polymorphisms in this
region were also observed in the present study. Clone 32
and another clone isolated from the same Charon 4A library
in this study had the sequence of (GT) 10(GA) 13(CAGAGA)3-
(GA)i. This sequence was also observed in one clone
isolated from the EMBL3 human genomic Library, while an
alternative sequence of (GT)9(GA)19(CAGAGA)3(GA)1 was
found in two clones isolated from the latter library. Hennis
et al. (37) also reported 5 amino acid polymorphisms
detected on in vitro amplification in three exons of the HRG
gene; Ile(ATC)/Thr(ACC)-162 in exon 4, Pro(CCC)/
Ser(TCC)-186 in exon 5, and His(CAT)/Arg(CGT)-322,
Arg(CGT)/Cys(TGT)-430, and Asn(AAT)/Ile(ATT)-475
in exon 7. However, the bases at all these loci in clone 32,
i.e. bases 8039, 9106, 13589, 13912, and 14048 in Fig. 2,
were T, C, A, C, and A, respectively, which were the same
as those of the cDNA sequence (76). The presence of both
Asn-475 and Ile-475 was detected by protein analysis
(unpublished results). There was only one difference
between the gene and cDNA sequences. C238 in the cDNA
sequence was identified as T in the gene sequence (base
2417 in Fig. 2), which turned out to be due to a typing error
in Ref. 16.

The first 103 nucleotides in the previously reported
cDNA sequence (16) were found to be derived from the
yeast mitochondrial DNA. The possible cause for this might
be the use of the yeast tRNA in the course of the construc-
tion of a cDNA library as a carrier in which fragments of
mitochondrial DNA existed. Clontech 5'-stretch human
liver cDNA also contained many artificially ligated clones,
as described above. The cause of this complication is not
clear at present. Minghetti et al. (38) reported that 38
nucleotides in the 5'-noncoding region of the cDNA for
human albumin were not homologous to the genomic
sequence but could not explain the discrepancy. This may
be another example of such a happening in the course of the
construction of a library.

Since the starting point of cDNA could not be determined
by reinvestigation of human HRG cDNA clones, 5'-RACE
analysis was carried out. Although Si nuclease digestion or
primer extension analysis should be performed to deter-
mine the real transcription initiation site, we could not
perform such experiments due to the difficulty in obtaining
a sufficient amount of normal human liver mRNA. It is not
possible to obtain mRNA from cultured cells, because
currently no human cell Lines that produce HRG are
available. The 5'-RACE analysis indicated that the major 5'
ends of HRG cDNA are - 2 3 , - 2 0 , and - 1 8 from the
initiation ATG codon. All cDNA clones isolated had
sequences starting at nucleotide —21 or downstream,
flanking the various sequences that were not found in the
HRG gene sequence. Therefore, the HRG cDNA seems to
start at around — 23, although the real transcription start-
ing site could not be pinpointed. In the 5'-flanking region, a
TATA box-Like sequence located at around — 45 from the
ATG codon and a CAATT sequence at around —70 are
Likely to conduct the transcription of the HRG gene from a
defined point. However, the analyses of cDNA clones and
5'-RACE suggested that the transcription starts from
multiple sites. The TATA sequence is absent in the mouse
HRG gene (unpublished results).

HRG has been reported to be expressed specifically in
liver parenchyma! cells (1), and no cell lines producing
HRG are currently known. So, we employed HepG2 cells to
characterize the promoter region of the HRG gene and also
293 cells derived from human kidney for comparison. A
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reporter assay based on the CAT activity showed that there
is a critical sequence between 21 and 262 nucleotides
upstream of the initiation codon, ATG, as shown in Fig. 3.
This sequence supported the expression of CAT in HepG2
cells but not in kidney-derived 293 cells, indicating the
liver-specific expression. The low expression level of CAT
activity with pCAT Basic, a simple CAT vector without an
SV40 enhancer, may be due to that HepG2 cells do not
synthesize HRG (39). Unfortunately, no cell lines produc-
ing HRG are known yet. Nevertheless, the shortest frag-
ment ( -262 to -21) in the pCAT Basic vector still
promoted the expression of CAT in HepG2 cells. The
relative expression activity of each construct was similar in
both the pCAT Basic and pCAT Enhancer vectors. There-
fore, the promoter activities were assessed using the pCAT
Enhancer vector in this study. There are many potential
transcription factor recognition sites (40) in the 5'-flanking
region of the HRG gene, as shown in Fig. 6. The CAT assay
revealed that the segment between —262 and —21 from
the ATG codon has liver-specific promoter activity. In this
region, transcription factors such as HNF-4, HNF-1, NF-
1B, C/EBP, and TBP may play critical roles in the expres-
sion of the HRG gene. Further studies will reveal the
contribution of each transcription factor.
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