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Osteoblast Proliferation In Vitro
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High molecular weight (HMW) kininogen is known to be a large plasma protein and
cleaved by plasma proteinase kallikrein, then it generates four fragments in the blood
coagulation cascade: heavy chain, bradykinin, fragment 1·2, and light chain. The frag-
ment 1·2 has also been found in the basic protein fraction of bovine milk as a bioactive
protein which promotes osteoblast proliferation. The milk basic protein has been shown
to be a multi functional edible protein which promotes bone formation and inhibits bone
resorption. In the present study, we purified the fragment 1·2 from bovine plasma and
assessed it could promote osteoblast proliferation and posses the activity after pepsin
digestion. Purified plasma HMW kininogen did not promote the proliferation, however,
the kallikrein-cleaved HMW kininogen promoted the proliferation. The fragment 1·2,
purified from the proteolysate, also promoted the proliferation. The pepsin digestion
was performed according to the method of the assessment of allergenesity of genetically
modified crops. After pepsin digestion, the fragment 1·2 generated resistant fragments
and showed the promoting activity of osteoblast proliferation. These results suggest that
theenzymatically-digestedfragmentsofbovineHMWkininogenareabletobeanaturally
occurred active protein that promotes the bone formation by oral administration.
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Mammalian plasma high molecular weight (HMW) kinino-
gen has been considered to be a multifunctional protein
that releases bradykinin by the action of kallikrein and
accelerates the surface-mediated activation of factor XII
by forming a molecular complex with prekallikrein or fac-
tor XI and binds to negatively charged surfaces in the blood
coagulation cascade (1). In addition, both HMW and low
molecular weight kininogen has been identified as one
of the cysteine proteinase inhibitors in plasma (2).
Bovine HMW kininogen is a single chain glycoprotein
with a molecular mass of 76 kDa consisting of four domains
that include a heavy chain (48 kDa), a kinin moiety
(1 kDa), a fragment 1·2 (14 kDa), and a light chain
(16 kDa) (3). Its cDNA sequence was reported as a single
gene (4). Using a large scale preparation and column chro-
matography technique, the HMW kininogen was found in
bovine milk as smaller molecules revealed by a mass
spectrometry (5).

Recently, we indicated that the fragment 1·2 existed in
bovine milk basic protein (MBP) fraction and showed its
promotive activity to the proliferation of murine osteoblas-
tic MC3T3-E1 cells, which was used as a bone formation
assay system in vitro (6). In previous study, we have shown
that the MBP from whey promoted the proliferation of the
osteoblast (7) and suppressed the osteoclast-mediated bone
resorption and osteoclast formation (8). We have
also shown dietary MBP prevented bone loss in aged

ovariectomized rats (9). In human study, we have revealed
that MBP increased the bone mineral density at calcaneus
in a placebo controlled trial (10) and that MBP increased
the radial bone mineral density in healthy women (11).
Using chromatography technique, we purified the active
components of MBP that promoted osteoblast proliferation
(12), then we assigned the kininogen fragment 1·2 by
amino-terminal sequence analyses (6). Although the kini-
nogen fragment 1·2 is a minor component in MBP, we
presume it as one of the responsible components which
promote bone formation. Because the MBP promotes the
bone formation in mammals by oral administration, the
active components are supposed to be resistant to digestive
enzymes in their guts. Therefore, we assessed the fragment
1·2 digestion using a simulated gastric fluid containing
pepsin. For these experiments, a large amount of the frag-
ment 1·2 was needed. The concentration of fragment 1·2
seemed to be higher in bovine plasma than in bovine milk.
Therefore, we purified HMW kininogen from bovine
plasma and proteolysed it by plasma kallikrein. Then we
prepared the fragment 1·2 for the digestion study.

There are several reports of using artificial digestion of
proteins, and then we chose a severe condition of artificial
digestion that uses the simulated gastric fluid containing
high concentration of pepsin. This method was evaluated
by ten laboratories in the world then reported in 2004 (13).
It was approved by the International Life Science Institu-
tion (ILSI) and then has been used in the assessments of
digestibility of newly created crops, the genetically modi-
fied crops. Therefore, we assessed the bovine kininogen
fragment 1·2 digested with the simulated gastric fluid
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and its activity for osteoblast could survive after the diges-
tion, then assumed the oral administration.

EXPERIMENTAL PROCEDURES

Materials—Alpha-modified essential medium (a-MEM)
was purchased from Flow Laboratories (Mclean, VA,
USA), and fetal bovine serum (FBS) was purchased from
Gibco (Grand Island, NY, USA). DEAE-Sephadex A-50,
Sephadex G-150, Chelating Sepharose Fast Flow, and
Mono Q HR 5/5 were purchased from Pharmacia
(Uppsala, Sweden). HPLC column, Protein-RP (C4) was
from YMC (Kyoto, Japan). Kininogen deficient human
plasma, Fitzgerald trait, and kallikrein deficient
human plasma, Fletzer trait, were purchased from George
King Bio-Medical (Overland Park, Kansas, USA). Other
chemicals were purchased from Wako Pure Chemicals
(Osaka, Japan).

Cell Culture and Proliferation Assays—Osteoblastic
MC3T3-E1 cell culture and proliferation assay using
[3H]thymidine were described previously (12). In brief,
the cells were maintained in a-MEM supplemented 10%
FBS. The cells was harvested from dishes and cultured
in serum-free a-MEM on a 96 well plate and incubated
with samples for 24 h then labeled with [3H] thymidine
for 4 h. The incorporated [3H] was measured using the
Topcount NT microscintillation counter (Packard, USA).

Purification of Plasma HMW Kininogen Fragment 1·2—
Plasma HMW kininogen was purified from bovine blood
according to the methods of Shimada (14) and Hayashi
(15). Briefly, twelve liters of fresh blood containing
EDTA as anticoagulant was corrected at a slaughterhouse.
Plasma was prepared by centrifugation and applied to an
anion-exchanger DEAE-Sephadex column. Eluates were
collected, and kininogen activity was measured by the
correction of the prolonged clotting time of Fitzgerald
trait plasma (14). Fractions contain HMW kininogen
were applied to a zinc-chelating column. The column
was washed by NaCl and histidine, and bound proteins
were eluted with EDTA. The kininogen activity was
measured, and active fractions were dialyzed and lyophi-
lized. The protein powder was dissolved and loaded onto a
Sephadex G-150 column (15). The fractions with kininogen
activity were loaded onto a Mono Q column equilibrated
with 20 mM Tris-HCl (pH 8.0), 50 mM NaCl. Bound pro-
teins were eluted by linear gradient of 0 to 1.0 M NaCl.
HMW kininogen was eluted at 0.4 M of NaCl. The purified
protein was dialyzed against 20 mM Tris-HCl (pH 8.0),
50 mM NaCl.

Purification of Kallikrein—Plasma kallikrein was
partially purified from the eluate with kallikrein activity
of DEAE-Sephadex column, then the eluate was applied to
a zinc-chelating column. Bound kallikrein was washed
with a buffer used in the equilibration and eluted with
1.0 M of NaCl. Kallikrein activity was measured by the
correction of the prolonged clotting time of Fletzer trait
plasma (14).

Limited Proteolysis of HMW Kininogen and Purification
of Fragment 1·2—HMW kininogen was incubated with the
kallikrein fraction at 37�C for 16 h. The proteolysate was
loaded onto SDS-PAGE and into a C4-column Protein-RP
(YMC, Kyoto, Japan) on reversed phase HPLC, and bound
proteins were eluted with a linear gradient of 0–80%

of acetonitrile. Fragment 1·2 and heavy chain–light
chain complex were eluted at 20% and 30% of acetonitrile,
respectively.

Polyacrylamide Gel Electrophoresis—Purified fractions
and limited proteolysis samples were electrophoresed
under non-reducing condition on a 16% polyacrylamide
gel with 0.1% SDS in Tris-Tricine system (16) by using a
Peptide-PAGE mini precast gel (TEFCO, Tokyo, Japan).
In pepsin digestion experiments, 10–20% gradient Tris-
Tricine gels (Invitrogen, Carlsbad, CA, USA) were used
in reducing condition.

Pepsin Digestion—The standardized method for
allergenesity assessment of genetically modified crops by
Thomas et al. (13) were used to assess the effect of digestive
enzyme degradation of the fragment 1·2. In brief, a ratio of
10 U of pepsin (Sigma, MO, USA, P-6887 porcine stomach)
activity/mg of purified fragment 1·2 was used. The pepsin/
protein ratio in the digestion reaction was approximately
2.2:1 (w:w). A single tube containing simulated gastric
fluid (SGF; 0.084 N HCl, 35 mM NaCl, pH 1.2 and
4,000 U of pepsin) was preheated to 37�C prior to the addi-
tion of test protein solution (5 mg/ml). The tube contents
were mixed and placed in a 37�C water bath. The samples
were removed at 0.5, 2, 5, 10, 20, 30, and 60 min after
initiation of the incubation and then quenched by
addition of alkali solution (200 mM NaHCO3, pH 11)
and 5· Laemmli sample buffer (40% glycerol, 5%
2-mercaptoethanol, 10% SDS, 0.33 M Tris-HCl, 0.05%
bromophenol blue, pH 6.8). Quenched samples were
immediately heated to more than 75�C for 10 min. Samples
from each time point and control reactions were applied to
SDS-PAGE electrophoresis in reducing conditions using
10–20% Tris-Tricine gels. The gels were fixed with 40%
methanol, 10% acetic acid for 30 min and stained with
Coomassie brilliant blue G-250 (Bio-Rad, Richmond, CA;
Cat. #161–0786) for 1 h.

Protein Sequencing—The amino-terminal sequence of
excised protein bands on PVDF membrane were analyzed
by a gas-phase protein sequencer Model 492 cLC (Applied
Biosystems, Foster City, CA, USA).

RESULTS

Preparation and Linited Proteolysis of HMW
Kininogen—The single chain of HMW kininogen was pur-
ified from twelve liters of bovine blood by anion-exchanger
columns, a chelating column, and gel filtration column
showed a relative molecular weight approximately
100 kDa on a SDS-PAGE (Fig. 1, lane S). The kallikrein
proteolysis of HMW kininogen formed the fragment 1·2
(23 kDa) and the lower molecular weight band, heavy
chain–light chain complex (80 kDa). The band intensity
of HMW kininogen (100 kDa) decreased and lower mole-
cular weight band (80 kDa) and the band of fragment
1·2 (23 kDa) increased in a time-dependent manner
(8 and 16 hours). A crude kallikrein fraction (lane E)
and the HMW kininogen (lane S) did not contain any frag-
ment 1·2 bands.

Osteoblast Assay of the Cleaved HMW Kininogen—The
time course samples were tested for the osteoblast prolif-
eration assay. Although the HMW kininogen and the
kallikrein did not show any activity of promotion of the
[3H] incorporation, the cleaved kininogen showed
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increased activity according to the incubation time. The
growth promoting activity reached to the maximum at
4-h incubation (Fig. 2).

Purification and Digestion of the Fragment 1·2—Then
we purified the fragment 1·2 from the cleaved kininogen
using RP-HPLC, and it showed the molecular weight of
23 kDa on a Tricine SDS-PAGE (Fig. 3). Then we assessed
the stability of the fragment 1·2 to a digestive enzyme.
Using the method of ILSI standardized assessment of
pepsin resistant study, the fragment 1·2 showed relatively
resistant to pepsin digestion, moreover, generated two
resistant fragments (Fig. 3). The 23 kDa band of fragment
1·2 lasted up to 10 min and as trace in 20–60 min in the
digestion. Newly formed fragments, estimated 13 kDa and
8 kDa by the mobility of Tricine SDS-PAGE, Fr 13k and Fr
8k increased in a time dependent manner. The bands of
pepsin appeared just above the 36 kDa molecular weight
marker band (lane M). The digest were electrophoresed
and blotted onto a PVDF membrane, and the Fr 13k and
the Fr 8k were excised for the amino acid sequence study.
The analyses of these amino-terminal sequences revealed
that the Fr 13k and the Fr 8k were consistent with the
internal sequence of fragment 1·2, 26Glu- (EERDSGK-),
and 48Ile- (IKLHGLG-), respectively. A schematic primary
structure of HMW kininogen and its fragments were
shown in Fig. 4.

Osteoblast Assay of the Digested Fragment 1·2—The
osteoblast promoting activity of the pepsin digests were

assessed using the MC3T3-E1 cells. Figure 5 shows that
the activity of the fragment 1·2 (column S) was survived
after pepsin digestion in the simulated gastric fluid
(column D). The simulated gastric fluid did not show the
activity in the assay (lane E).

DISCUSSION

MW of Bovine Milk Kininogen Fragment 1·2—The mole-
cular weight of the fragment 1·2, released from kallikrein-
cleaved kininogen, on the SDS–polyacrylamide gel was
23 kDa in our study. Kato et al. reported it was 14 kDa
estimated by a disc gel electrophoresis (3). After a decade,
they reported rat kininogen compared to that of bovine
(15). In the article, they showed a slab gel SDS-PAGE,
and the MW of bovine fragment 1·2 was shown around
20 kDa on the gel. Han et al. reported the fragment
1·2 had 4 kDa of carbohydrate chain (17). The microheter-
ogeneities of HMW kininogen and the fragment 1·2 were
reported (18, 19). The difference seems to due to the meth-
ods of electrophoresis and carbohydrate chain moiety.

The molecular weight of HMW kininogen was estimated
as about 76,000 by sedimentation equilibrium and the
Archibald method (20). However, Hayashi et al. reported
that the band of HMW kininogen migrated as a band of
100 kDa on a slab gel SDS-PAGE (15). It is consistent with
our result. They discussed that the molecular weight
seemed not to be correct, as abnormal behavior of bovine
HMW kininogen on SDS-PAGE and gel filtration had been
described by Komiya et al. (20). The difference was prob-
ably due to the glycoprotein nature of the material. The
HMW kininogen contains 12.6% carbohydrates, consisting
of hexose (4.5%), hexosamines (3.65%), and sialic acid
(4.35%) (20).

Limited Proteolysis of HMW Kininogen by Kallikrein—It
is well known that the heavy chain and the light chain
were connected with a disulfide bond (18). In our prepara-
tion, we applied the kallikrein-cleaved HMW kininogen

Fig. 1. SDS-PAGE analysis of kallikrein proteolysis of
bovine high molecular weight (HMW) kininogen. The
HMW kininogen was purified from bovine plasma by chromatogra-
phy according to the method of Shimada. Eight micrograms of
substrate HMW kininogen (S) was incubated with 3 mg of partially
purified bovine plasma kallikrein (E) at 37�C for the time indicated
(8, 16 h). Each sample and blank contained only enzyme (E) were
loaded to a SDS–polyacrylamide gels (10% T) under non-reducing
condition. After the electrophoresis the gel was stained with Coo-
massie Brilliant Blue. The HMW kininogen liberated the fragment
1·2 and a nonapeptide, bradykinin, as Kato and Hayashi reported.
The position of the heavy and light chain complex (H+L, 70 kDa)
and the 23 kDa fragment 1·2 were indicated by arrows.

Fig. 2. The osteoblast proliferation assay of kallikrein-
cleaved high molecular weight kininogen. The substrate
HMW kininogen (S) was incubated with partially purified bovine
plasma kallikrein. At 2, 4, 8 and 16 h in the incubation the samples
were frozen. These samples were added into the osteoblastic
MC3T3-E1 cells, then [3H]thymidine incorporation was measured.
The buffer control (cont) and the kallikrein alone (E) were also
assayed. The bars indicate means and standard deviations of
four wells each.
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onto a SDS-PAGE under non-reducing condition to eluci-
date the release of the fragment 1·2 from HMW kininogen.
As we expected, there were two major bands appeared
on the gel, the heavy chain–light chain complex and the
fragment 1·2. The molecular weight of the complex was
accounted to 64 kDa, the mobility of the band corresponded
to it, when carbohydrate chain moiety was added. We have
confidence in the preparation of the fragment 1·2 with
RP-HPLC, because the N-terminal amino acid sequence
was corresponded to reported sequence in SWISS PROT
database (gi 125505). Although the plasma kallikrein frac-
tion was not purified, the HMW kininogen was proteolysed
and released the fragment 1·2. Bands of bovine serum albu-
min can be seen in Fig. 1, however, the fragment 1·2 was
purified from the proteolysed mixture using an HPLC.

Pepsin Resistant Fragments—There are some food pro-
teins that is resistant for the pepsin digestion. For exam-
ple, soy bean trypsin inhibitor and concanavalin A are
reported to resistant (13). Most of food proteins are con-
sidered to generate no resistant fragments, because they
are eaten by mammals as nutrients. The resistant frag-
ment could act as biologically active peptide or protein.

Fig. 3. The bovine high molecular
weight kininogen fragment 1·2 was
digested at different rates in a stan-
dardized in vitro pepsin digestion
assay. The gels were loaded in the
same order with same amount of diges-
tion reaction mix or markers. Molecular
weights (kDa) are indicated for lanes
labeled ‘‘M.’’ All other lanes contained
15 ml of quenched reaction mix sampled
at the times indicated. The reactions con-
tained either test protein alone in SGF
(simulated gastric fluid; 0 and 60 min);
test protein in SGF with pepsin (0, 0.5,
2, 5, 10, 20, 30, and 60 min); or SGF with
pepsin alone (0 and 60 min). These
10–20% polyacrylamide gels were fixed
and stained with CBB-G250. The kinino-
gen fragment 1·2 was relatively resistant
and also produced resistant fragments.
The migrated position of the fragment
1·2 and the resistant fragments were
indicated by arrows.

Fig. 4. The schematic representation of primary structure of
bovine HMW kininogen. The specific plasma enzyme, kallikrein,
cleaves three sites of kininogen polypeptide, then generates four
fragments. The heavy chain is known to connect to the light
chain by a disulfide bond. The nonapeptide, bradykinin and the

fragment 1·2 liberate from the heavy–light chain complex. In
simulated gastric fluid, the fragment 1·2 is cleaved at two sites
by pepsin and generates 13-kDa fragment (Fr 13k) and 8-kDa frag-
ment (Fr 8k). According to the amino-terminal sequence analyses,
the position of those two fragments are shown in the scheme.

Fig. 5. The osteoblast proliferation assay of the kininogen
fragment 1·2 incubated in the simulated gastric fluid (SGF).
The substrate fragment 1·2 (S) was incubated with pepsin in acidic
condition for 60 min. These samples were added into the osteoblas-
tic MC3T3-E1 cells, then [3H]thymidine incorporation was mea-
sured. The buffer control (C) and the SGF alone (E) were also
assayed. The bars indicate means and standard deviations of
four wells each.
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Therefore, we tested the pepsin digest of the fragment 1·2
to the osteoblast assay. The fragment 1·2 possess a lot of
basic amino acid residues, especially histidine and consists
an unusual histidine-rich region. Han et al. digested the
fragment 1·2 by trypsin and chymotrypsin and assigned
eight and seven major peptide, respectively (19). The pep-
sin resistant fragments Fr 13k and Fr 8k have a lot of
histidine residues, 20 and 17 residues, respectively.

In human, HMW kininogen has been cloned (21) and
reported as a thiol proteinase inhibitor (22), a cell adhesion
inhibitor (23), and an angiogenesis inhibitor (24). There are
several reports that domain 5 of HMW kininogen are
responsible for these activities (25, 26). In the same
manner as bovine, human HMW kininogen is cleaved by
plasma kallikrein and liberates bradykinin (domain 4) and
results active cofactor, cleaved HMW kininogen (HKa),
consists of a heavy chain (65 kDa) containing domains 1,
2, and 3 and a light chain (55 kDa) containing domains 5
and 6. The domain 5 contains the histidine-rich region and
is a homologue of bovine fragment 1·2. Colman found sig-
nificant sequence homologies in human domain 5 and
bovine fragment 1·2 (27). The residues 443–475 HG-rich
region is 55% homologous, and a second area rich in HGK
is 61% homologous. These HG-region and HGK-region are
located in the C-terminal half of the domain 5 in human
and of the fragment 1·2 in bovine. Kawasaki reported the
HGK-motif showed suppression of cancer metastasis by
inhibition of cell adhesion and haptoinvasion using syn-
thetic peptides, and lysine was responsible to the activity
(28). Replacement the lysine to arginine diminished the
inhibitory activity. In our results, these regions are con-
sidered to exist in the Fr 8k. We presume that bovine
fragment 1·2 is one of bioactive protein such as human
HMW kininogen domain 5.

About Osteoblast Activity of the Pepsin-Digest—We
showed the pepsin-digested fragment 1·2 promoted the
proliferation of osteoblasts. By PAGE analysis, the digest
contained two resistant fragments Fr 13k and Fr 8k.
According to molecular weight, these fragments are con-
sidered to overlap each C-terminals. In other words, the
Fr 13k contains the Fr 8k. In the time course experiment
(Fig. 3), the band intensity of the Fr 8k increased during
the digestion, while the Fr 13k decreased after 30 min.
These results suggests the Fr 8k is more resistant than
the Fr 13k and may be the final fragment of the fragment
1·2 in the digestive system.

The osteoblast assay is a very simple in vitro test to
assess the activity of water-soluble substance to bone
cells, and small amount of test sample is needed. If the
test samples were assessed by oral administration in
animal experiments, large amount of sample and long
time period would be needed for replacement of bone
cells in animals’ body. In our research group, the effective-
ness of milk protein on bone biology have been elucidated
in both animal experiments and these osteoblast assay. We
have reported that milk basic protein showed the activity
to prevent the bone loss in ovariectomized rats (9) and
to increase the bone mineral density in healthy women
(10, 11). We have also reported the responsible components
of the milk basic protein. We identified the HMW kinino-
gen fragment 1·2 (6) and high mobility group like protein
(12) as one of responsible components for osteoblast
growth, and the cystatin C for osteoclast inhibition (29)

in milk basic protein. The results of the present study
could support that orally-administrated kininogen frag-
ment 1·2 produced resistant fragments from digestion
and acted as a growth promoting substance for osteoblast
in vivo. It may be a first step to elucidate that milk pro-
motes the bone growth of infant not only by calcium but
by active proteins. Our results show a minor component of
milk basic protein is resistant to digestion and is not only
amino acid source. The HG-region and HGK-region are
specific motif in the bovine fragment 1·2 and human
domain 5. After digestion and absorption, these specific
motifs might be an analogue of degradation products
and a synthesis signal of collagen type 1 in bone, which
is extremely rich in glycine. However, there is not much
information about the collagen metabolism. The present
study showed a possibility that orally-administrated kini-
nogen fragment 1·2 could be a naturally occurred active
protein which promotes the bone formation.

We thank to the former Professor Masayoshi Kumegawa in
Meikai University School of Dentistry for advice of the
osteoblast cell study and to Ms Mio Konno for technical help
in protein sequencing.

REFERENCES

1. Kato, H., Nagasawa, S., and Iwanaga, S. (1981) HMW and
LMW kininogens in Methods in Enzymology, Vol. 80,
pp. 172–198, Academic Press, New York

2. Sueyoshi, T., Enjyoji, K., Shimada, T., Kato, H., Iwanaga, S.,
Bando, Y., Kominami, E., and Katunuma, N. (1985) A new
function of kininogens as thiol-proteinase inhibitors: inhibition
of papain and cathepsins B, H and L by bovine, rat and human
plasma kininogens. FEBS Lett. 182, 193–195

3. Kato, H., Han, Y.N., Iwanaga, S., Suzuki, T., and Komiya, M.
(1976) Bovine plasma HMW and LMW kininogens. Structural
differences between heavy and light chains derived from the
kinin-free proteins. J. Biochem. 80, 1299–1311

4. Kitamura, N., Takagaki, Y., Furuto, S., Tanaka, T., Nawa, H.,
and Nakanishi, S. (1983) A single gene for bovine high
molecular weight and low molecular weight kininogens.
Nature 305, 545–549

5. Wilson, W.E., Lazarus, L.H., and Tomer, K.B. (1989)
Bradykinin and kininogens in bovine milk. J. Biol. Chem.
264, 17777–17783

6. Yamamura, J., Takada, Y., Goto, M., Kumegawa, M., and
Aoe, S. (2000) Bovine milk kininogen fragment 1.2 promotes
the proliferation of osteoblastic MC3T3-E1 cells. Biochem.
Biophys. Res. Commun. 269, 628–632

7. Takada, Y., Aoe, S., and Kumegawa, M. (1996) Whey protein
stimulated the proliferation and differentiation of osteoblastic
MC3T3-E1 cells. Biochem. Biophys. Res. Commun. 223,
445–449

8. Takada, Y., Kobayashi, N., Matsuyama, H., Kato, K.,
Yamamura, J., Yahiro, M., Kumegawa, M., and Aoe, S.
(1997) Whey protein suppresses the osteoclast-mediated
bone resorption and osteoclast cell formation. Int. Dairy J.
7, 821–825

9. Toba, Y., Takada, Y., Yamamura, J., Tanaka, M., Matsuoka,
Y., Kawakami, H., Itabashi, A., Aoe, S., and Kumegawa, M.
(2000) Milk basic protein: a novel protective function of milk
against osteoporosis. Bone 27, 403–408

10. Aoe, S., Toba, Y., Yamamura, J., Kawakami, H., Yahiro, M.,
Kumegawa, M., Itabashi, A., and Takada, Y. (2001) Controlled
trial of the effects of milk basic protein (MBP) supplementation
on bone metabolism in healthy adult women. Biosci. Biotech-
nol. Biochem. 65, 913–918.

The Fragments of Bovine High Molecular Weight 829

Vol. 140, No. 6, 2006

 at U
niversidade Federal do Pará on Septem

ber 29, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


11. Yamamura, J., Aoe, S., Toba, Y., Motouri, M., Kawakami, H.,
Kumegawa, M., Itabashi, A., and Takada, Y. (2002) Milk
basic protein (MBP) increases radial bone mineral density
in healthy adult women. Biosci. Biotechnol. Biochem. 66,
702–704

12. Yamamura, J., Takada, Y., Goto, M., Kumegawa, M., and
Aoe, S. (1999) High mobility group-like protein in bovine
milk stimulates the proliferation of osteoblastic MC3T3-E1
cells. Biochem. Biophys. Res. Commun. 261, 113–117

13. Thomas, K., Aalbers, M., Bannon, G.A., Bartels, M.,
Dearman, R.J., Esdaile, D.J., Fu, T.J., Glatt, C.M.,
Hadfield, N., Hatzos, C., Hefle, S.L., Heylings, J.R., Goodman,
R.E., Henry, B., Herouet, C., Holsapple, M., Ladics, G.S., and
Landry, T.D.M., S.C., Rice, E.A., Privalle, L.S., Steiner, H.Y.,
Teshima, R., Van Ree, R., Woolhiser, M., and Zawodny, J.
(2004) A multi-laboratory evaluation of a common in vitro
pepsin digestion assay protocol used in assessing the
safety of novel proteins. Regulatory Toxicol. Pharmacol. 39,
87–98

14. Shimada, T., Sugo, T., Kato, H., and Iwanaga, S. (1982) A
method for preparation of a single chain high-molecular-
weight (HMW) kininogen from bovine plasma. J. Biochem.
92, 679–688

15. Hayashi, I., Kato, H., Iwanaga, S., and Oh-ishi, S. (1985)
Rat plasma high-molecular-weight kininogen. A simple
method for purification and its characterization. J. Biol.
Chem. 260, 6115–6123

16. Schagger, H. and von Jagow, G. (1987) Tricine-sodium dodecyl
sulfate-polyacrylamide gel electrophoresis for the separation
of proteins in the range from 1 to 100 kDa. Anal. Biochem. 166,
368–379

17. Han, Y.N., Kato, H., Iwanaga, S., and Suzuki, T. (1976) Bovine
plasma high molecular weight kininogen: the amino acid
sequence of fragment 1 (glycopeptide) released by the action
of plasma kallikrein and its location in the precursor protein.
FEBS Lett. 63, 197–200

18. Komiya, M., Kato, H., and Suzuki, T. (1974) Bovine plasma
kininogens: Microheterogeneities of high molecular weight
kininogens and their structural relationships. J. Biochem.
76, 823–832

19. Han, Y.N., Kato, H., Iwanaga, S., and Suzuki, T. (1976)
Primary structure of bovine plasma high-molecular-weight
kininogen. The amino acid sequence of a glycopeptide portion
(fragment 1) following the C-terminus ot the bradykinin
moiety. J. Biochem. 79, 1201–1222

20. Komiya, M., Kato, H., and Suzuki, T. (1974) Bovine plasma
kininogens: Further purification of high molecular weight
kininogen and its physicochemical properties. J. Biochem.
76, 811–822

21. Takagaki, Y., Kitamura, N., and Nakanishi, S. (1985) Cloning
and sequence analysis of cDNAs for human high molecular
weight and low molecular weight prekininogens. J. Biol.
Chem. 260, 8601–8609

22. Higashiyama, S., Ohkubo, I., Ishiguro, H., Kunimatsu, M.,
Sawaki, K., and Sasaki, M. (1986) Human high molecular
weight kininogen as a thiol proteinase inhibitor: Presence of
the entire inhibition capacity in the native form of heavy chain.
Biochemistry 25, 1669–1675

23. Asakura, S., Hurley, R.W., Skorstengaard, K., Ohkubo, I.,
and Mosher, D.F. (1992) Inhibition of cell adhesion by high
molecular weight kininogen. J. Cell. Biol. 116, 465–476

24. Colman, R.W., Jameson, B.A., Lin, Y., Johnson, D., and
Mousa, S.A. (2000) Domain 5 of high molecular weight kinino-
gen (kininostatin) down-regulates endothelial cell prolifera-
tion and migration and inhibits angiogenesis. Blood 95,
543–550

25. Kamiyama, F., Maeda, T., Yamane, T., Li, Y., Ogukubo, O.,
Otsuka, T., Ueyama, H., Takahashi, S., Ohkubo, I., and
Matsui, N. (2001) Inhibition of vitronectin-mediated hapto-
taxis and haptoinvasion of MG-63 cells by domain 5 (D5H)
of human high-molecular-weight kininogen and identification
of a minimal amino acid sequence. Biochem. Biophys. Res.
Commun. 288, 975–980

26. Song, J.M., Sainz, I.M., Cosenza, S.C., Isordia-Salas, I.,
Bior, A., Bradford, H.N., Guo, Y., Pixley, R.A., P., R.E., and
W., C.R. (2004) Inhibition of tumor angiogenesis in vivo by a
monoclonal antibody targeted to domain 5 of high molecular
weight kininogen. Blood 104, 2065–2072

27. Colman, R.W. (1994) Structural biology of high molecular
weight kininogen. Pure Appl. Chem. 66, 27–34

28. Kawasaki, M., Maeda, T., Hanasawa, K., Ohkubo, I., and
Tani, T. (2003) Effect of His-Gly-Lys motif derived from
domain 5 of high molecular weight kininogen on suppresion
of cancer metastasis both in vitro and in vivo. J. Biol. Chem.
278, 49301–49307

29. Matsuoka, Y., Serizawa, A., Yoshioka, T., Yamamura, J.,
Morita, Y., Kawakami, H., Toba, Y., Takada, Y., and
Kumegawa , M. (2002) Cystatin C in milk basic protein
(MBP) and its inhibitory effect on bone resorption in vitro.
Biosci. Biotechnol. Biochem. 66, 2531–2536

830 J. Yamamura et al.

J. Biochem.

 at U
niversidade Federal do Pará on Septem

ber 29, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/

