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The existence of human renin-binding protein (RnBP) in the kidney has been shown by the
isolation and characterization of a complex of porcine renin-human RnBP [S. Takahashi et
al. (1985) J. Biochem. 97,671-677]. However, the properties of the free form of human RnBP
had not been understood, because of the limitation of materials. In the present study, we
have expressed human RnBP in Escherichia coli JM 109 cells under the transcriptional
control of taq promoter and purified it by conventional column chromatographies. The
purified recombinant human RnBP (rhRnBP) exists as a dimer and inhibits porcine renin
activity through formation of a complex of porcine renin with rhRnBP, the so-called high-
molecular-weight renin. Moreover, the rhRnBP catalyzes the interconversion between N-
acetyl-D-glucosamine (GlcNAc) and iV-acetyl-D-Mannosamine (ManNAc) with the appar-
ent £„, values of 21.3 mM for GlcNAc and 12.8 mM for ManNAc, and 0.13 mM for effector
ATP. ATP is essential for the GlcNAc 2-epimerase activity of human RnBP. These results
indicate that the human RnBP is a GlcNAc 2-epimerase.

Key words: A^-acetyl-D-glucosamine (GlcNAc), JV-acetyl-D-mannosamine, binding pro-
tein, GlcNAc 2-epimerase, renin.

Renin [EC 3.4.23.15] is a highly specific aspartic protein-
ase mainly synthesized in the kidney and plays an essential
role in blood pressure control. Renin-binding protein
(RnBP) is a proteinaceous renin inhibitor that was first
isolated from porcine kidney (1). RnBP strongly inhibits
renin activity with the dissociation constant of 0.2 nM and
forms a complex with renin, the so-called high-molecular-
weight renin (2, 3). The purified porcine RnBP exists as a
dimer and dissociates into a monomer in the presence of
sulfhydryl-oxidizing and -alkylating reagents (4). The
primary structures of porcine (5), rat (6), and human (6)
RnBPs have been deduced from nucleotide sequences by
cDNA cloning. The RnBPs have a conserved leucine-zipper
motif, which is essential for the formation of RnBP homo-
dimer and RnBP-renin heterodimer (5-9). Recently, hu-
man (10) and rat (11) RnBP genes were isolated from
genomic DNA libraries. Both of them span about 10 kb and
consist of 11 exons separated by 10 introns. The human
gene was found to be located in human chromosome X by
means of PCR of hybrid DNA from human and hamster
somatic cells (10). Moreover, the human RnBP gene has
been mapped in the distal Xq28 chromosomal band (12,
13).
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pref.akita.jp
Abbreviations: ELJSA, enzyme-linked immunosorbent assay; Glc-
NAc, iV-acetyl-D-glucosamine; HMW, high molecular weight; Man-
NAc, iV-acetyl-D-mannosamine; RnBP, renin-binding protein; rhRn-
BP, recombinant human RnBP.
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Interestingly, cDNA cloning of N-acetyl-D-glucosamine
(GlcNAc) 2-epimerase [EC 5.3.1.8] from porcine kidney
showed that GlcNAc 2-epimerase was identical with por-
cine RnBP (14). The GlcNAc 2-epimerase activity has also
been found in several rat tissues including kidney, liver,
and salivary gland (15). However, the properties of human
GlcNAc 2-epimerase had not been understood because of a
limitation of materials.

In the present study, we report the expression, purifica-
tion, and characterization of the human RnBP and demon-
strate that the human RnBP is the enzyme GlcNAc 2-epi-
merase.

MATERIALS AND METHODS

Materials—DEAE-Sepharose CL-6B, Sephacryl S-100
HR, and Mono Q HR5/5 and Superdex 75 columns were
obtained from Pharmacia Biotech; restriction enzymes,
DNA ligation kit, Escherichia coli JM109 competent cells,
and PCR amplification kit from Takara Shuzo. Porcine
kidney renin and RnBP were purified by the method of
Takahashi et al. (1). The purified porcine kidney renin and
RnBP showed a single protein band on SDS-PAGE. Rabbit
anti-porcine renin and anti-porcine RnBP antibodies were
prepared by the methods of Takahashi et aL (2, 3).

Construction of Expression Plasmid—To shorten the
distance between the ribosome-binding site and the start
codon, a fragment of about 0.3 kb of the human RnBP
cDNA, pHRB6 (6), was amplified with a sense primer
containing an additional £coRI site upstream of the start
codon, 5'GGAATTCAGGACATGGAGAAA3', and an anti-
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sense primer 11 bp downstream of Smal site of the cDNA
clone, 5'AAGGCACACTTCTTGCCAGG3'. The PCR was
performed over 30 cycles of denaturation (95*C, 1 min),
annealing (55"C, 1 min), and extension (72°C, 1 min). The
amplified fragment was digested with EcoBl and Smal, and
the resulting fragment was subcloned into EcoBl- Smal
sites of pUK223-3 (16). The 1-kb Smal fragment of
pHRB6 was subcloned into the Smal site of the above
plasmid. The resulting right-oriented expression plasmid,
designated as pUKHRB6 (Fig. 1), was used to transform E.
coli JM109 cells.

GlcNAc 2-Epimerase Activity—GlcNAc 2-epimerase ac-
tivity was assayed by measuring the rate of interconversion
of GlcNAc and ManNAc. The reaction mixture (0.1 ml)
contained 0.1 M Tris-HCl, pH 7.5, containing 10 mM
MgCl2, 50 mM ManNAc, 5 mM ATP, and 20 //I of enzyme
solution. After incubation at 37*C for 30 min, the mixture
was boiled for 5 min to terminate the reaction. The reaction
products were quantified by high performance liquid chro-
matography (HPLC) with pulsed amperometric detection
using Dionex Bio-LC gradient pump and Dionex Carbopac
PA-1 column equipped with a Dionex Model PAD2 detector
(17). One unit of enzyme activity was defined as the
activity producing 1 micromole of GlcNAc per min under
the assay conditions.

Preparation of Biotinylated Anti-Porcine Renin IgG—
The biotinylated polyclonal anti-porcine renin IgG was
prepared by the method of Leary et al. (18). The rabbit
anti-porcine renin IgG (5 mg) dissolved in 3 ml of 30 mM
triethanolamine, pH 7.6, containing 3 M NaCl was mixed
with 20/^1 of 20 mg/ml solution of biotin-iV-hydroxy
succinimide in dimethylformamide. After stirring on a
rotary shaker at 25°C for 2 h, the reaction mixture was
extensively dialyzed against 30 mM triethanolamine, pH
7.6, containing 3 M NaCl. The dialysate was stored at 4 C
until use.

Enzyme-Linked Immunosorbent Assay (ELJSA) for
Porcine Renin—Microtiter wells were coated with 0.2 ml of
0.1 mg/ml rabbit anti-porcine renin IgG in 0.1 M sodium
bicarbonate buffer, pH 8.5, by incubation overnight at 4°C.
The coated microtiter wells were washed five times with 20

mM sodium phosphate buffer, pH 7.4, 0.15 M NaCl, and
0.05% Tween 20 (Buffer A), then 0.2-ml samples were
introduced and incubated overnight at 4'C. Purified porcine
renin was used as a standard. Wells were washed exten-
sively with Buffer A, then biotinylated IgG was placed in
each well and incubated for 2 h at 25*C. Wells were washed
extensively with Buffer A, and the bound biotinylated IgG
was incubated for 2 h at 25*C with 0.2 ml of streptavidin-
alkaline phosphatase. Wells were washed extensively with
Buffer A, then the bound biotinylated IgG-streptavidin-
alkaline phosphatase complex was incubated for 30 min at
25'C with 0.2 ml of 5 mg/ml of p-nitrophenyl phosphate in
0.1 M Tris-HCl, pH9.5, containing 5mM MgCl2. The
reaction product, p-nitrophenol, was quantified by measur-
ing the absorbance at 405 nm. The sensitivity of the assay
method for porcine renin was about 0.1 ng/ml (Fig. 2).

Analytical Procedures—Protein was determined by the
method of Bradford (19) using bovine serum albumin as the
standard. SDS-PAGE was performed on 5-20% acrylamide
gradient gel (ATTO Corporation) by the method of Laem-
mli (20). After the electrophoresis, gel was stained with
Coomassie Brilliant Blue R-250. Fast protein liquid chro-
matography of purified recombinant human RnBP (rhRn-

1

Rentn ( ng/ml)

100

Fig. 2. Standard curve for ELJSA of porcine kidney renin. The
purified porcine kidney renin waa used as a standard, and the assay
conditions are described under "MATERIALS AND METHODS."

GCGGQGCAAGQGTCTCCC/GCGCGA :AGGAC ATG GAG AAA GAG

Fig. 1. Construction of expression
plasmid for rhRnBP. The solid box
represent the rhRnBP coding sequence.
Details of the plasmid construction are
described under 'MATERIALS AND
METHODS."
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BP) was carried out at 25°C. A sample (0.2 ml) was
chromatographed on a Superdex 75 column (1.0 X 30 cm) in
20 mM sodium phosphate buffer, pH 7.0, containing 0.05%
2-mercaptoethanol (Buffer B) and 0.15 M NaCl at a flow
rate of 1 ml per min. The apparent molecular weights of
rerun and renin-RnBP complex were estimated by gel
filtration on Sephacryl S-100 HR at 4'C. A sample (0.5 ml)
was applied to the calibrated column (1.0x90 cm) and
eluted with Buffer B containing 0.15 M NaCl at a flow rate
of 3 ml per h. Fractions of 0.5 ml were collected, and the
renin concentration of each fraction was assayed by ELISA.
Renin activity was measured by the method of Murakami et
al. (21) using Suc-Arg-Pro-Phe-His-Leu-Leu-Val-Tyr-
MCA as a substrate. The reaction mixture contained 250 fj.\
of 50 mM sodium phosphate buffer, pH 6.5, containing 0.1
mM ZnCl2, 25//I of substrate (25 mM in dimethylform-
amide) and 25//I of renin preparation. The mixture was
incubated for 1 h at 37°C. The reaction was terminated by
heating (100'C, 5 min), and 50 mU aminopeptidase M
(Pierce) was added to the mixture. The mixture was
incubated for 2 h at 37"C, then the product, aminomethyl-
coumarin, was measured fluorometrically with excitation at
380 nm and emission at 460 nm.

Preparation of Antiserum—One milliliter of emulsion
containing 50 /*g of the purified rhRnBP in complete
Freund's adjuvant was injected subcutaneously into each
rabbit. The injection was repeated every 4 weeks, and the
rabbits were bled 3 days after fifth injection to prepare the
antiserum.

Western Blotting—Western blotting was performed by
the method of Towbin et al. (22). Samples resolved on
SDS-PAGE were transferred onto nitrocellulose mem-
brane. After transfer, the membrane was immersed in
Buffer A containing 5% skim milk, then incubated for 2 h at
room temperature with anti-porcine RnBP or rhRnBP
antiserum (1:1,000 dilution). After the incubation, the
membrane was washed three times with Buffer A, incubat-
ed with alkaline phosphatase conjugated anti-rabbit IgG
(Fc) (1:5,000 dilution, Promega), and washed three times
with Buffer A. The membrane was allowed to react with
nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl
phosphate.

NH2-Terminal Amino Acid Sequence—The purified
rhRnBP (5^g) was electrophoresed on SDS-polyacryl
amide gel and then electrophoretically transferred onto a
polyvinylidene difluoride membrane (Bio-Rad Labora-
tories) . Protein was stained with Coomassie Brilliant Blue
R-250 on the membrane. The protein band was directly
sequenced with a Shimadzu PPSQ-10 protein sequencer by
the method of Matsudaira (23).

TABLE I. Purification of recomblnant human RnBP.
Total

protein
(mg)

Total
activity

(U)

Specific
activity
(U/mg)

Yield

1. Extract
2. Ammonium sulfate

fractionation
3. DEAE-Sepbarose
4. Sephacryl S-100HR
5. 1st Mono Q
6. 2nd Mono Q

1,920
1,470

215
99.1

9.8
6.0

710
617

557
386
229
215

0.37
0.42

2.59
3.90

23.3
35.8

100
86.9

78.5
54.3
32.3
30.3

RESULTS AND DISCUSSION

Purification of rhRnBP—The rhRnBP was identified by
Western blotting using anti porcine RnBP antiserum and
assayed by measuring its GlcNAc 2-epimerase activity.

An overnight culture (6 ml) of JM 109 cells containing
the expression plasmid was used to inoculate 300 ml of 2 x
YT medium (1.6% polypeptone, 1.0% yeast extract, 0.5%
NaCl, pH7.0) containing 1.0% glucose and 0.1 mg/ml
ampicillin. The culture was incubated at 30'C for 5 h, then
expression of recombinant protein was induced with 1 mM
isopropyl-yS-D-thiogalactopyranoside. Cells were harvested
3 h after induction. The E. coli cells (31.2 g of wet weight)
from 3 liters of culture were sonicated with 300 ml of
Buffer B containing 1 mM EDTA and 10 pM leupeptin,
then centrifuged 20,000 Xg for 30 min. The supernatant
was fractionated with ammonium sulfate at 60% saturation
and dialyzed against Buffer B containing 0.1 M NaCl. The
dialysate was applied to a column of DEAE-Sepharose CL
4B (22 X150 mm) previously equilibrated with Buffer B
containing 0.1 M NaCl. The column was washed with the
same buffer and recombinant human RnBP (rhRnBP) was
eluted with a linear gradient of NaCl concentration from
0.1 to 0.4 M. Fractions containing rhRnBP were pooled and
precipitated with ammonium sulfate at 80% saturation.
The precipitate was collected by centrifugation and dis-
solved in 10 ml of Buffer B containing 0.1 M NaCl, then
applied to Sephacryl S-100HR (2.2x80 cm). The column
was eluted with Buffer B containing 0.1 M NaCl, and the
fractions containing rhRnBP were pooled and then dialyzed
against Buffer B containing 0.5 mM EDTA and 5 //M
leupeptin. The dialysate was applied to a Mono Q HR5/5
column which had been equilibrated with Buffer B. The
column was washed with the same buffer, then developed
with a linear gradient of 0 to 0.3 M NaCl. Fractions
containing rhRnBP were pooled and dialyzed against Buffer
B. The sample was rechromatographed on Mono Q HR5/5
column under the same conditions as above. Fractions
containing rhRnBP were pooled and stored at 4°C. Table I
summarizes the purification. About 6 mg of rhRnBP prepa-
ration was obtained from the sonicate of E. coli cells. The
purified preparation showed a major single protein band on
SDS-PAGE (Fig. 3, lane a) with a molecular weight of

(kDa)

Fig. 3. SDS-PAGE of the purified rhRnBP. Lane M, marker
proteins (200 kDa, myosin; 116 kDa, /9-galactosidase; 67 kDa, bovine
serum albumin; 43 kDa, aldolase; 30 kDa, carbonic anhydrase; 17
kDa, myoglobin); lane a, rhRnBP (2 pg); kneb, porcine RnBP (l//g).
After the electrophoresis, proteins were visualized by staining with
Coomassie Brilliant Blue R-250.
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45,000. The molecular weight of porcine kidney RnBP was
also estimated to be 42,000 (Fig. 3, lane b). The difference
in molecular weight between human and porcine RnBP is
due to a difference in the amino acid sequences. Indeed, the
predicted amino acid sequences for human and porcine
RnBPs consisted of 417 and 402 amino acid, respectively
(5, 6). The molecular weight of rhRnBP estimated by
SDS-PAGE is similar to that of human RnBP isolated from
human kidney as a complex with porcine renin (3). The
purified rhRnBP also showed a single protein peak on gel
filtration using Superdex 75 (Fig. 4), and its molecular
weight was estimated to be 85,000 using aldolase, bovine
serum albumin, ovalbumin, and chymotrypsinogen as
molecular weight standards. These results indicate that
rhRnBP exists as a dimer. The effects of sulfhydryl-oxidiz-
ing or -alkylating reagents on rhRnBP as a GlcNAc 2-epi-
merase activity were also investigated. Monoiodoacetic
acid (10mM), iV-ethylmaleimide (lmM), or 5,5'-dithio-
bis(2-nitrobenzoic acid) (0.1 mM) inhibited more than 95%
of GlcNAc 2-epimerase activity, and the molecular weight
of monoiodoacetic acid- or N-ethylmaleimide-treated
rhRnBP was estimated to be 44,000 by gel filtration on
Superdex 75 (data not shown). In this connection, our
previous studies showed that purified porcine kidney RnBP
(I) and recombinant rat RnBP (8) both existed as dimers.
The dimers dissociated into monomers in the presence of
sulfhydryl-oxidizing or alkylation reagents {1, 4, 8).
Moreover, studies of a double aspartyl mutant of porcine
RnBP demonstrated that the leucine-zipper motif present
in the porcine RnBP molecule was essential for the forma-
tion of renin-RnBP heterodimer and an RnBP homodimer
(7). Thus, the dimerization seems to be essential for the
functional activity.

The NH2-terminal amino acid sequence was determined
to be Met-Glu-Lys-Glu-Arg-Glu-Thr-Leu-Gln-Ala-Trp-
Lys-Glu-Arg-Val-Gly-Gln-Glu-Leu-Asp-. This sequence
agrees with the NH2-terminal sequence predicted from the
human RnBP cDNA (6). These results indicate that the
rhRnBP had no signal sequence, as was predicted from its
hydropathy profile (6).

Immunochemical Properties of Human and Porcine

RnBPs—The purification of rhRnBP was monitored by
Western blotting using rabbit anti-porcine kidney RnBP
antiserum. As shown in Fig. 5, when rabbit anti-porcine
RnBP was used for the Western blotting, 40 ng of rhRnBP
(lane c) and 10 ng of porcine RnBP (lane d) gave nearly the
same intensity. On the other hand, when the rabbit anti-
rhRnBP antiserum was used for Western blotting, about 1
ng of rhRnBP (lane a) was comparable to 20 ng of porcine
RnBP (lane b). These results indicate that rabbit antibodies
against rhRnBP and porcine kidney RnBP are relatively
specific for rhRnBP and porcine RnBP, respectively.

We have already established ELISA for rhRnBP using
the highly specific antibody. The sensitivity of rhRnBP was
about 100 pg/well (data not shown). The ELISA for rhRn-
BP will be useful for study of the distribution and expres-
sion of human tissue RnBP.

Interaction of Renin with rhRnBP—Our previous studies
showed that porcine and rat RnBPs inhibited porcine and
rat renin activities, and formed a complex called HMW
renin (1, 8). Purified human kidney renin is not commer-
cially available. The purification and characterization of
human renin from cadaver kidney and pathological samples
have been reported (24-28), but it is very difficult to use

( k D a ) a b e d

Fig. 5. Western blot analysis of rhHnBP. Rabbit anti-rhRnBP
antiserum (lanes a and b) or anti-porcine RnBP antiserum (lanes c and
d) was used for the Western blotting. Lane a, rhRnBP (1 ng); lane b,
porcine RnBP (20 ng); lane c, rhRnBP (40 ng); lane d, porcine RnBP
(10 ng).
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Fig. 4. Gel filtration of purified rhRnBP. The purified rhRnBP
(20 us)was chromatographed on Superdex 75. Blue dextran 2000 (a),
aldolase (b), bovine serum albumin (c), ovalbumin (d), and chymo-
trypsinogen (e) were used as molecular weight markers.
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Fig. 6. Gel filtration of porcine renin and porcine renin-
rhHnBP complex. Samples applied to a Sephacryl S-100HR column
were as follows: closed circles, purified porcine renin (1 fig); open
circles, mixture of porcine renin (1 /xg) and rhRnBP (40 ng). The
mixture was incubated for 30 min at 37*C, then applied to the column.
Renin was determined by ELISA as described under "MATERIALS
AND METHODS."
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TABLE n. Substrate specificity of recomblnant human RnBP.
Substrate Relative activity (%)

2 S 7 5 10 12 5

RnBP concentration (jig/ml)

Fig. 7. Inhibition of porcine renin by rhRnBP. The purified
porcine renin was incubated with the indicated amount of rhRnBP at
37*C for 10 min, then the remaining renin activity was measured as
described under "MATERIALS AND METHODS."

purified human kidney renin because of the limitation of
materials and the extremely low concentrations of the
enzyme in the kidney. In the present study, we used
purified porcine kidney renin (1) to clarify the binding
ability of rhRnBP to renin.

When the purified porcine renin was chromatographed on
a Sephacryl S-100HR column, renin was eluted as a single
peak with a molecular weight of 40,000 (Fig. 6, closed
circles). The purified renin incubated with rhRnBP was also
showed a single peak, and the molecular weight was
estimated to be 58,000 (Fig. 6, open circles). The molecular
weight of the complex agrees with that of the heterocom-
plex isolated from human kidney extract and purified
porcine kidney renin (3). Thus, the rhRnBP has binding
ability to porcine renin.

The effect of rhRnBP on porcine renin activity was also
investigated. The rhRnBP inhibited porcine renin activity
in a dose-dependent manner (Fig. 7), but the inhibition
level was lower than that of porcine (1) or rat (8) RnBP.
This was presumably due to the low affinity of porcine renin
toward rhRnBP.

GlcNAc 2-Epimerase Activity of rhRnBP—To directly
confirm that rhRnBP is the enzyme GlcNAc 2-epimerase,
the GlcNAc 2-epimerase activity of an extract from E. coli
cells expressing rhRnBP and of the purified preparation of
rhRnBP was measured. The E. coli strains harboring
pUK223-3 or pUKHRB6 in 10 ml of 2xYT medium
containing 0.1 mg/ml ampicillin were grown at 30'C over-
night. The overnight culture (6 ml) was used to inoculate
300 ml of 2xYT medium containing 1% glucose and 0.1
mg/ml ampicillin. Cells were grown at 30'C for 5 h, then
incubated with 1 mM isopropyl-yff-D-thiogalactopyranoside
for 3 h. When the expression vector pUK223-3, which had
no insert, was used to transform E. coli JM 109 cells, no
GlcNAc 2-epimera8e activity was detected in the cell
extract (data not shown). On the other hand, GlcNAc
2-epimerase activity was detected in the extract from E.
coli JM 109 cells carrying pUKHRB6 with the specific
activity of 0.37 U/mg protein (Table I). The enzyme was
purified about 100-fold from the cell extract with apparent
homogeneity (Fig. 3) and its specific activity was deter-
mined to be 35.8 U/mg protein (Table I). These results
clearly indicate that rhRnBP has GlcNAc 2-epimerase
activity.

Substrate Specificity of rhRnBP as a GlcNAc 2-Epimer-

ManNAc
GlcNAc
GalNAc
Mannosamine
Glucosamine
Mannose
Glucose

100
12.6
0
0
0
0
0

ase—Table II shows the substrate specificity of rhRnBP as
a GlcNAc 2-epimerase. The human enzyme did not react
with i^-acetyl-D-galactosamine, mannosamine, glucos-
amine, mannose, or glucose. It catalyzed only the intercon-
version between GlcNAc and ManNAc with apparent K^
values of 21.3 mM for GlcNAc and 12.8 mM for ManNAc.
ATP was essential for the GlcNAc 2-epimerase activity as
an effector, and the apparent K^ value was estimated to be
0.13 mM. The Km values for GlcNAc 2-epimerase isolated
from porcine kidney were reported to be 7.4 mM for
GlcNAc, 6.3 mM for ManNAc, and 0.18 mM for ATP as an
effector {14). In contrast to human enzyme, the porcine
enzyme did not require ATP for GlcNAc 2-epimerase
activity (14).

In the present study, we established a functional expres-
sion and purification method for human RnBP in E. coli
cells. The purified rhRnBP inhibits porcine renin activity
through formation of a heterocomplex. Moreover, the
purified preparation showed GlcNAc 2-epimerase activity
with the specific activity of 35.8 U/mg of protein. These
results strongly imply that rhRnBP is the enzyme GlcNAc
2-epimerase. To understand the physiological role of
human RnBP as a GlcNAc 2-epimerase, further elaborate
studies, e.g., transgenic animal studies or gene targeting
studies, are necessary.

REFERENCES

1. Takahashi, S., Ohsawa, T., Miura, R., and Miyake, Y. (1983)
Purification and characterization of renin binding protein (RnBP)
from porcine kidney. J. Biochem. 93, 1583-1594

2. Takahashi, S., Ohsawa, T., Miura, R., and Miyake, Y. (1983)
Purification of high molecular weight (HMW) renin from porcine
kidney and direct evidence that HMW renin is a complex of renin
with renin binding protein (RnBP). J. Biochem. 93, 266-274

3. Takahashi, S., Miura, R., and Miyake, Y. (1985) A study on renin
binding protein (RnBP) in the human kidney. J. Biochem. 97,
671-677

4. Takahashi, S., Miura, R., and Miyake, Y. (1988) Characterization
of hog kidney renin-binding protein: Interconversion between
monomeric and dimeric forms. Biochem. Int. 16, 1053-1060

5. Inoue, H., Fukui, K., Takahashi, S., and Miyake, Y. (1990)
Molecular cloning and sequence analysis of a cDNA encoding a
porcine kidney renin-binding protein. J. BioL Chenu 265, 6556-
6561

6. Inoue, H., Takahashi, S., Fukui, K., and Miyake, Y. (1991)
Genetic and molecular properties of human and rat renin-binding
proteins with reference to the function of the leucine zipper
motif. J. Biochem. 110, 493-500

7. Inoue, H., Takahashi, S., Fukui, K., and Miyake, Y. (1991)
Leucine zipper motif in porcine renin-binding protein (RnBP) and
its relationship to the formation of an RnBP-renin heterodimer
and an RnBP homodimer. J. Biol. Chem. 266, 11896-11900

8. Tada, M., Takahashi, S., Miyano, M., and Miyake, Y. (1992)
Tissue-specific regulation of renin-binding protein gene expres-

J. Biochem.

 at C
hanghua C

hristian H
ospital on O

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

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


Human Renin Binding Protein as a GlcNAc 2-Epimerase 353

sion in rats. J. Biochem. 112, 175-182
9. Takahashi, S., Inoue, H., Fukui, K., and Miyake, Y. (1994)

Structure and function of renin binding protein. Kidney Int. 46,
1525-1527

10. Takahashi, S., Inoue, H., and Miyake, Y. (1992) The human gene
for renin-binding protein. J. BioL Chan. 267, 13007-13013

11. Takahashi, S. (1997) Structure of the gene encoding rat renin
binding protein. BioscL Biotech. Biochem. 61, 1323-1326

12. Van den Ouweland, A.M.W., Verdijk, M., Kiochis, P., Poustka,
A., and Van Oost, B.A. (1994) The human renin-binding protein
gene (RENBP) maps in Xq28. Genomics 21, 279-281

13. Faranda, S., Frattini, A., and Vezzoni, P. (1995) The human
genes encoding renin-binding protein and host cell factor are
closely linked in Xq28 and transcribed in the same direction.
Gene 115, 237-239

14. Maru, I., Ohta, Y., Murata, K., and Tsukada, Y. (1996)
Molecular cloning and identification of TV-acyl-D-glucosamine
2-epimerase from porcine kidney as a renin-binding protein. J.
BioL Chan. 271, 16294-16299

15. Van Rinsum, J., Van Dijk, W., Hooghwinkel, G.J.M., and
Ferwerda, W. (1983) Subcellular localization and tissue distribu-
tion of sialic acid precursor-forming enzymes. Biochem. J. 210,
21-28

16. Oda, K., Ito, M., Uchida, K., Shibano, Y., Fukuhara, K., and
Takahashi, S. (1996) Cloning and expression of an isovaleryl
pepstatin-insensitive carboxyl proteinase gene from Xanthomo-
nas sp. T-22. J. Biochem. 120, 564-572

17. Manzi, A.E., Diaz, S., and Varki, A. (1990) High-pressure liquid
chromatography of sialic acids on a pellicular resin anion-ex-
change column with pulsed amperometric detection: A compari-
son with six other systems. Anal. Biochem. 188, 20-32

18. Leary, J.J., Brigati, D.J., and Ward, D.C. (1983) Rapid and
sensitive colorimetric method for visualizing biotin-labeled DNA

probes hybridized to DNA or RNA immobilized on nitrocellulose:
Bio-blots. Proc. Natl. Acad. Sci. USA 80, 4045-4049

19. Bradford, M.M. (1976) A rapid sensitive method for the quanti-
tation of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem. 72, 248-254

20. Laemmli, U.K. (1970) Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature 227, 680-685

21. Murakami, K., Ohsawa, T., Hirose, S., Takada, K., and Sakaki-
bara, S. (1981) New fluorogenic substrates for renin. Anal.
Biochem. 110, 232-239

22. Towbin, H., Staehelin, T., and Gordon, J. (1979) Electrophoretic
transfer of proteins from polyacrylamide gels to nitrocellulose
sheets: Procedure and some applications. Proc. Natl. Acad. Sci.
USA 76, 4350-4354

23. Matsudaira, P. (1987) Sequence from picomole quantities of
proteins electroblotted onto polyvinylidene difluoride mem-
branes. J. Biol. Chan. 262, 10035-10038

24. Galen, F-X., Devaux, C, Guyenne.T., Menard, J., andCorvol.P.
(1979) Multiple forms of human renin. Purification and charac-
terization. J. BioL Chem. 254, 4848-4855

25. Yokoaawa, H., Holladay, L.A., Inagami, T., Hass, E., and
Murakami, K. (1980) Human renal renin. Complete purification
and characterization. J. BioL Chem. 266, 3498-3502

26. Slater, E.E. and Strout, H.V., Jr. (1981) Pure human renin.
Identification and characterization of two major molecular weight
froms. J. BioL Chem. 256, 8164-8171

27. Higaki, J., Hirose, S., Ogihara, T., Imai, N., Kisaragi, M.,
Murakami, K., and Kumahara, Y. (1983) A novel purification
method of human renin. Life Sci. 32, 1591-1598

28. Takahashi, S., Miura, R., Yutani, C, and Miyake, Y. (1986)
Purification and characterization of human kidney renin. J.
Biochem. 99, 307-310

Vol. 125, No. 2, 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/

