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A neutral cysteine protease, bleomycin hydrolase (BH), was found to be present in
the range 3.7–131.1ng per mg of rat tissues by enzyme-lined immunosorbent assay
(ELISA). Newborn rat skin contained the highest amount of BH, and relatively high
levels of BH were detected in the kidney and liver of 6-week-old male rats. The tissue
distribution of BH in female rats was similar to that in male rats. Moreover, BH was
detected in the extracts of erythrocytes and leukocyte-rich cells as well as in those of
rat hemo-lymphocytic lineage cell lines by Western blotting. The BH level was
increased at 6 weeks after birth and then slightly decreased. By immunohistochem-
istry, BH was localized as granular staining in the distal and proximal tubular cells
of the kidney, and it was also detected in hepatocytes of the liver, in the red pulpy
region of the spleen and in neurons of the brain. An immunoelectron microscopic
study showed that BH-immunoreactivity was essentially located in the cytoplasm
and at the outer membrane of the rough endoplasmic reticulum of epithelial cells
of the kidney, as well as in that of hepatocytes of the liver. These results suggest that
BH may play ubiquitous and unique roles in rat tissues.
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Bleomycin hydrolase (BH) was first detected in mouse
liver based on its ability to inactivate the anti-tumor
antibiotic bleomycin (1) and was later purified from
rabbit lung and liver, chicken skeletal muscle and rat
epidermis (2–5). Rabbit, rat, human and chicken cDNAs
encoding BH have been isolated (6–10), and the deduced
amino acid sequences have revealed that the enzyme is a
neutral cysteine protease of the papain superfamily (11).
Furthermore, sequence analysis of the promoter revealed
that it has characteristic features of a human house-
keeping gene (12). BH is widely distributed throughout
nature, with homologues found in mammals (1–3, 5–9),
amphibians (6), birds (4, 10), yeast, (13–16) fish (17) and
bacteria (18–20). The expression of BH mRNA in
mammalian tissues are ubiquitous, with some differences
between the expression patterns shown by Northern blot
and reverse transcription polymerase-chain reaction
analyses (6–9). BH activity was also detected in tissue
homogenates from a wide variety of tissues (1).
Histochemical reports revealed that BH is primarily
localized in stratified epithelial cells in rat tissues (5),
and its expression is specifically decreased in human

cancerous skin (21). BH has amino-peptidase activity
towards aminoacyl-b-naphthylamide derivatives of
different amino acids and short peptides (4–6, 13–15),
and also exhibits intrinsic exo- and endo-peptidase
activities (10, 15, 16, 22). BH consists of six subunits
with a total molecular weight of about 300kDa and
structurally belongs to a family of self-compartmentalizing
proteases with similarity to the 20S proteasome
(2–5, 23). Also, human BH interacts with an ubiquitin-
conjugating enzyme 9 as one of partner components (24).
These results suggest that BH is involved in the
processing of some physiologically important proteins.
However, the physiological substrates and functions of
BH in proteolytic pathways still remain unknown, and
there have been no reports of quantitative analyses of BH.
In the present study, we estimated the amounts of BH

in extracts from rat tissues at different ages by enzyme-
linked immunosorbent assay (ELISA). Also, we examined
the expression of BH protein in rat tissues, especially
kidney, spleen, liver and brain, by immunohistochemis-
try and/or immunoelectron microscopy.

MATERIALS AND METHODS

Materials—Citrulline-b-naphthylamide (Cit-b-NA) was
purchased from BACHEM Bioscience (Switzerland).
N-hydroxysuccinimide biotin and avidin-peroxidase con-
jugate were obtained from Pierce (Rockford, IL, USA.) and
Sigma Chemical Co. (St Louis, MO, USA), respectively.
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O-Phenylenediamine was from Nacalai Tesque (Kyoto,
Japan). Rat cathepsins B, H, and L were partially purified
from liver lysosomal extract according to the methods of
Towatari et al. (25), Schwartz and Barrett (26) and
Kirschke et al. (27), respectively. All other chemicals
used in this study were reagent grade.
Animals—Male and female Wistar rats were pur-

chased from Japan CLEA Inc. at the age of 5 weeks
(Tokyo, Japan) and were given commercial laboratory
chow (solid) and water freely for various periods. For
statistical analyses, 5–6 animals of each different age
group were studied.
Cells and Cell Culture—Three rat hemo-lymphocytic

lineage cell lines (Shay, RBL-2H3 and Y3-ag1.2.3) were
supplied by the Japanese Cancer Resources Bank.
For each cell line, 6.0–6.5�106 cells were placed in
square plastic dishes at a state near confluence and
were maintained in Dulbecco’s Modified Eagle’s Medium
(Dainippon Pharmaceutical Co. Ltd., Tokyo, Japan)
containing 10% fetal calf serum, penicillin (10 IU/ml)
and streptomycin (100 mg/ml).
Purification of BH—Rat BH was purified from an

epidermal homogenate of newborn rat skin (2-day-old,
Sprague–Dawley rat) according to the method described
previously (5). Briefly, rat epidermis was homogenized
with 10 volumes of 20mM Tris–HCl buffer (pH7.5)
containing 150mM NaCl, 10mM 2-mercaptoethanol and
5mM EDTA (buffer A) in a POLYTRON System PT2100
(KINEMATICA AG, Switzerland) followed by a second
homogenization in a glass homogenizer. The supernatant
was fractionated by precipitation with 45–55% saturated
ammonium sulfate. After removal of insoluble materials,
the clear solution was applied to a Sephacryl S-200
column (3�90 cm). After dialysis of the active fraction
from the column developed with 20mM Tris–HCl buffer
(pH7.5) containing 1mM 2-mercaptoethanol (buffer B),
the sample was applied to a DEAE-cellulose column
(1� 30 cm), and the column was washed with buffer B.
The proteins were fractionated with a linear gradient of
NaCl from 0 to 350mM in buffer B. The active fractions
were pooled, concentrated by ultrafiltration and dialyzed
against buffer B. The dialysate was applied to a Mono Q
column-equipped HPLC system. The protein was eluted
with the same buffer. BH activity was specifically
detected by measuring aminopeptidase activity using
Cit-b-NA during the course of preparation. The purified
BH showed a single band with Mr 48kDa on SDS-PAGE.
Production and Preparation of Antibody against BH—

Two Japanese white rabbits were subcutaneously immu-
nized with 0.66mg of BH emulsified in Freund’s complete
adjuvant (Difco Laboratories). Additional booster injec-
tions were administered 3 weeks later and a further three
times at 1-week intervals with Freund’s incomplete
adjuvant. Animals were bled 1 week after the final
injection. The final antiserum diluted 12,000-fold was
cross-reacted with BH by solid phase ELISA. The IgG
fraction from the antiserum was isolated by fractionation
with ammonium sulfate and purified on a HiTrap Protein
A Hp column (Amersham Pharmacia Biotech, Sweden).
The monospecific IgG was purified as follows:
The IgG from the antiserum was isolated by fractiona-

tion with ammonium sulfate and purified by affinity

chromatography on a BH-Sepharose 4B column prepared
by coupling 500mg of BH to 0.5 g of CNBr-activated
Sepharose-4B (Amersham Pharmacia Biotech, Sweden).
The IgG fraction eluted from the column with 100mM
glycine-HCl buffer (pH2.8) was dialyzed against 10mM
phosphate-buffered saline (PBS) and stored at �808C
until use.
Preparation of Samples—Male Wistar rats (n¼ 5–6) at

3 days after birth, or 6, 23 or 103 weeks of age, and
female rats at 6 weeks of age, were killed by bleeding.
Various tissues were dissected from the rats and stored
immediately at �808C. They were homogenized in four
volumes of 20mM Tris–HCl buffer (pH7.5) containing
150mM NaCl, 10mM 2-mercaptoethanol, 5mM EDTA
and 1mM 4-(2-aminoethyl)-benzene sulfonyl fluoride
hydrochloride in a POLYTRON homogenizer. The homog-
enate was centrifuged at 12,000g for 30min followed
at 105,000g for 1h at 48C. The extracts were used for the
ELISA assay. Rat blood was obtained by heart puncture
in a syringe containing heparin and mixed with an equal
volume of 3% dextran T-500 (Pharmacia Ltd., Sweden).
It was kept at room temperature for 1 h and then the
plasma fraction was collected into a tube. The leukocyte-
rich cells were harvested by centrifugation at 500g for
5min and then washed two times with physiological
saline containing heparin. The harvested cells were
suspended in 0.5ml of buffer A and sonicated with
weak power. Erythrocytes were collected using a syringe
and washed with physiological saline containing heparin.
They were diluted with an equal volume of distilled
water. Both the erythrocyte and leukocyte-rich cell
extracts were centrifuged at 12,000g for 20min and
then the supernatants were collected as samples. Protein
concentrations were determined by the method of Lowry
et al. (28) with bovine serum albumin as a standard.
ELISA—Wells (96 wells/flat bottom) of microtiter plates

(IWAKI, Tokyo, Japan) were coated with 100ml of anti-BH
IgG (12mg/ml) in coating buffer, pH9.6. The plates were
sealed and left overnight at 48C. After removal of the IgG
solution, the wells were blocked with 5% BSA in PBS for
1h at 378C and washed three times with PBS containing
0.05% Tween-20 (PBS-Tween). The plates were incubated
with 100ml of samples or standard amounts of purified
BH (10–200ng/ml) for 1h at 378C. The wells were washed
three times with PBS-Tween and 100ml of biotin-
conjugated IgG (1mg/ml) diluted in PBS-Tween containing
0.1% BSA was added to each well. The plate was
incubated for 1h at 378C. After removal of the conjugate
and washing three times with PBS-Tween, 100ml of
avidin-conjugated horseradish peroxidase diluted in PBS-
Tween containing 0.1% BSA was added to each well.
After washing, 100ml of O-phenylenediamine (3mg/ml)
containing 1.82mM hydrogen peroxide in 0.1M citrate-
phosphate buffer (pH5.0) was quickly added to the wells
in the dark. After 10min, the reaction was stopped by the
addition of 25ml of 10M sulphuric acid. The absorbance of
each well was recorded at 492nm in an automated ELISA
reader (BIO-RAD Ltd. Tokyo, Japan). The amount of BH
was expressed as ng per mg of tissue weight.
SDS-PAGE and Western Blotting—SDS-PAGE was

performed according to Laemmli (29) using 12.5% or
5–20% gels. The proteins were transferred from the gel to
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a P-membrane sheet (ATTO, Tokyo, Japan) by horizontal
electrophoresis and then were immunostained with
rabbit anti-BH IgG according to the Promega protocol
using alkaline phosphatase-conjugated goat anti-rabbit
antibody (Promega Biotec., USA).
Immunohistochemistry—Tissues were obtained from

adult rats and fixed for 6h in 4% paraformaldehyde
in 100mM phosphate buffer (pH7.4) at 48C and then
embedded in paraffin. Serial paraffin sections (4mm) were
placed on glass slides and stained with hematoxylin and
eosin. For immunohistochemical examination, sections
were deparaffinized, rehydrated, and then incubated at
room temperature for 20min with 5% normal goat serum.
The brain sections were pretreated with trypsin before the
incubation with 5% normal goat serum. After the sections
were washed three times in 10mM PBS, they were
incubated for 1h at room temperature with rabbit
anti-BH IgG (diluted 1 : 200) and washed 3 times in
PBS. The sections were incubated with peroxidase-
conjugated goat anti-rabbit IgG(HþL) (diluted 1 : 40;
Dako, Glostrup, Denmark). After washing, the sections
were treated with 0.02% 3, 30-diamino -benzidine (DAB)
and 0.006% H2O2 in 50mM Tris–HCl (pH7.5) at room
temperature, dehydrated, clarified, and mounted. Control
sections were incubated with preimmune serum.
Immunoelectron Microscopy—Animals were perfused

with PBS containing 4% paraformaldehyde solution
under ether anesthesia. After perfusion, the kidneys
and livers were harvested and fixed in 4% paraformal-
dehyde overnight at 48C. The frozen sections were
washed twice in PBS buffer for 10min, and washed 5
times with 10% sucrose in PBS. The sections were then
incubated with rabbit anti-rat BH IgG diluted 1 : 200 in
1% BSA-PBS overnight at 48C. The sections were then
washed 10 times with 10% in sucrose in PBS for 10min.
The sections were then incubated with goat anti-rabbit
IgG conjugated with HRP (diluted 1 : 400, Amersham
Bioscinece Co., Piscataway, NJ, USA) overnight at 48C.
After incubation with the second antibody, the sections
were washed as above and then immersed in 0.1%
glutaraldehyde for 5min. The sections were washed
again in PBS for 15min and incubated with 1% gelatin
in 100mM phosphate buffer. After the sections were
washed 5 times with PBS, they were immersed in 0.02%
DAB without H2O2 for 30min. The sections were then
immersed in 0.02% DAB solution containing 0.006%
H2O2 for 5min and placed in a 2% osmium tetraoxide
solution in 100mM phosphate buffer (pH7.4) for 90min.
They were then washed in buffer for 10min and
dehydrated in a graded series of alcohol (50–100%),
after which they were embedded in Epon-filled Beem
capsules. Ultrathin sections were collected from the
surface of the plastic-embedded tissues and examined
with an electron microscope (JEM-1200EX, JOELLTD.,
Tokyo, Japan).
Subcellular Fractionation—Liver and kidney tissues

were homogenized in 10 volumes of isotonic buffer
by addition of sucrose (0.25M final concentration)
in a Teflon homogenizer. Subcellular fractionation was
accomplished by sequential differential centrifugation
to yield pellets of non-disrupted tissues and cellular
nuclei (1000g for 10min) and mitochondria (10,000g for

20min). The mitochondrial supernatant was centrifuged
at 100,000g for 60min using a RP65T rotor in a Hitachi
65P-7 ultracentrifuge to yield a microsomal pellet
containing ribosome and cytosolic supernatant fractions.
Each subcellular fraction was identified according to
the distribution of the activity of marker enzymes,
succinate dehydrogenase, (30) glucose-6-phosphatase
(31), and lactate dehydrogenase (32) for mitochondrial,
microsomal and cytosolic supernatant fractions, respec-
tively. The purity of each fraction was estimated as the
recovery of the sum of the specific activities in the
mitochondrial, microsomal and cytosolic fractions.

RESULTS AND DISCUSSION

Western Blotting and Quantification by ELISA of BH
in Rat Tissues—We prepared rabbit antiserum against
rat BH, and examined its specificity for rat BH by
Western blotting. Little cross-reactivity of the antiserum
for cysteine proteinases such as cathepsins B, H, and L,
and papain as well as other cytosolic proteins was
detected on the membrane by staining with the alkaline
phosphatase system (Fig. 1). To examine in detail the
expression of BH in rat tissues, tissue extracts were
subjected to SDS-PAGE followed by Western blotting, as
shown in Fig. 2A. A protein band of BH with identical
molecular mass was ubiquitously detected in the extracts
from all rat tissues. Furthermore, Fig. 2B shows that the
same protein band was detected in the extracts from
circulating cells such as erythrocytes and leukocyte-rich
cells in adult rat blood as well as in the extracts from rat
hemo-lymphocytic cell lines. To estimate the amount of
BH in rat tissues, a simple and sensitive ELISA was
developed using a microtiter plate-based sandwich
technique with a rabbit anti-rat BH IgG. The assay
range was 20–600ng/ml, with within-run and

Fig. 1. Specificity of rabbit anti-rat BH antiserum for
papain family proteins. Cathepsins B, H, and L were partially
prepared from rat liver, and BH was purified from rat skin as
described in ‘Materials and Methods’. Papain was obtained from
Sigma. The samples, in which an equal volume of BH-rich
fraction prepared from rat liver was added to cathepsins B, H,
and L, and papain solutions, were subjected to SDS-PAGE
(12.5% gel) and then Western blotting was performed by the
method described in ‘Materials and Methods’. 1, BH; 2,
cathepsin B; 3, cathepsin H; 4, cathepsin L; 5, papain. The
migration position of BH is indicated. The numbers on the left
side indicate the migration positions of marker proteins.
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between-run coefficients of variation of 7.0% (n¼ 10) and
10.5% (n¼ 10), respectively. The amount of BH in the rat
tissues at 6 weeks old is summarized in Table 1.
The newborn rat skin had the highest amount of BH.
In male rats, the kidney and liver contained compara-
tively high levels of BH, while the amount in other
tissues such as skeletal muscle, spleen, lung, stomach
and testis was lower than that in the kidney.
The pancreas had the lowest level of BH. In female
rats, the amount of BH in the kidney was higher than
that in other tissues. This pattern was similar to that in
male rats. To examine the change in the amount of BH
during aging, we estimated the amount in several tissues
(brain, kidney, liver and spleen) from newborn male rats
at 3 days after birth and from male rats at 6, 23 or 103
weeks old (Fig. 3). The amount of BH was increased
during the 6 weeks after birth in the kidney, liver, and
spleen, and the amount then tended to gradually
decrease in them as the rats aged. However, the BH
level in the brain showed no change during aging.

In other tissues from the oldest rats, the amount of BH
was slightly decreased compared with that in the tissues
of 6-week-old rats.
Here, BH was purified from the newborn rat epider-

mis, and it was shown that the stratus corneum cells and
hair follicles of the skin as well as supraepithelial cells
of the esophagus were strongly stained by an anti-rat
BH IgG (5). It was, therefore, reasonable that we
detected a high level of BH protein in the extract of
newborn rat skin by western blotting and ELISA.
We found by ELISA that BH was also present at
relatively high levels in the extracts of rat kidney and
liver. It was reported that BH plays an essential role in
the metabolism of bleomycin in vivo and that the
susceptibility of mammalian tissues to bleomycin-induced
toxicity depends on the level of enzyme activity (33–35).
The present results revealed that the tissues, such
as liver and kidney, known to be resistant against the
side-effects of bleomycin contained large amount of BH.
On the other hand, the lung is the most susceptible
tissue to bleomycin-induced toxicity (36, 37), but it
contained a relatively large amount of BH protein,
although the BH mRNA expression level in the lung
was relatively low. This result suggests that resistance
against bleomycin therapy in these tissues may not
depend only on BH content, which is in accord with the
fact that several risk factors of bleomycin-induced
pneumonitis have been reported, including a high
cumulative bleomycin dose, a decreased glomerular
filtration rate and the chemotherapeutic method (38).
The ELISA method was applied to determine the amount
of BH in several rat tissues (brain, kidney, liver and
spleen) during aging. The amount of BH in the kidney,
liver and spleen, but not the brain, increased signifi-
cantly during the 6 weeks after birth, and then tended to
decrease as the rats aged. Recently, several investigators
have reported that the half-life of cellular proteins is

Fig. 2. Western blotting of BH. Extracts were prepared from
rat tissues, circulating cells from blood and cell lines, and then
SDS-PAGE and Western blotting were performed by the
methods described under ‘Materials and Methods’.
(A) Supernatant extracts (5 ml) from rat tissues at 6 weeks old.
Lane 1, kidney; 2, liver; 3, spleen; 4, lung; 5, stomach;
6, cerebrum; 7, uterus; 8, ovary; 9, testis; 10, skeletal muscle;
11, heart; 12, newborn skin. (B) Extracts (10ml) from erythro-
cytes and leukocyte-rich cells of adult rat blood, and extracts
(2 ml) from cell lines. Lane 1, leukocyte-rich cells; 2, erythrocytes;
3, Shay cells; 4, RBL-2H3 cells; 5, Y3-ag1.2.3 cells. The
migration position of BH is indicated. The numbers of left side
indicate the migration positions of ovalbumin.

Table 1. The amount of BH in tissue extracts from male
rat at 6 weeks at age.

Male rat tissues (n¼ 6) Mean value�SD
(ng BH/mg tissue)

Braina 13.7�1.2
Heart 25.1�1.3
Kidney 117.5�27.5
Liver 106.7�18.2
Lung 44.4�6.6
Pancreas 3.7�1.7
Skeletal muscle 64.7�14.2
Spleen 74.7�4.8
Stomach 34.6�8.5
Testis 35.5�11.6
Ovaryb 14.3�3.1
Uterusb 14.4�4.0
Skinc 131.3�14.6
aCerebrum and cerebellum.
bObtained from female rats aged 6 weeks old (n¼ 6).
cObtained from newborn rats (n¼ 7).

Fig. 3. Alteration of the amount of BH in various tissues
of male rats during aging. The amount of BH in rat tissues at
different ages (newborn after birth and 6, 23 and 103 weeks)
were determined by ELISA. Each column and bar represent the
mean�SD of five or six rats. We examined differences in the
mean levels of BH among ages using two-way analysis of
Student’s t-test. The asterisks indicate that the difference in the
amount of BH is significant between the two values at newborn
and 6 weeks in kidney, liver and spleen (*P50.01), and between
the two values at 6 weeks and 103 weeks in kidney (**P50.01).
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extended in senescent animals, suggesting that the
proteolytic system is affected as animals age (39–42).
In addition, both increases in synthesis and decreases in
breakdown contribute to the accumulation of proteins
important for the growth of the kidney, and abnormal
proteolysis via the ubiquitin/proteasome ATP-requiring
system is an important component of the pathogenesis
of many kidney diseases (43, 44). The slight decrease of
BH levels in the tissues of rats of advancing age may
reflect a decrease of protein breakdown in protein
metabolism, although the physiological role of BH is
still unknown. Since there are several lines of evidence
showing that BH is able to interact with essential protein
factors related to protein metabolism in cells (24, 45),
BH may play an ubiquitous physiological role in protein
metabolism in rat tissues.

Immunocytochemistry of BH in Rat Tissues—We
examined the localization of BH in the kidney, spleen,
liver and brain, as these organs have the common feature
that they seem to lack typical stratified epithelia,
as shown by immunohistochemistry (Fig. 4). Significant
immunostaining was detected at the cortex of the kidney,
in which granular immunoreactivity was observed in the
cytoplasm of epithelial cells of both the distal and
proximal tubular cells (Fig. 4A and B). Immunoelectron
microscopic examination showed immunoreactivity in
the cytoplasm and also at some parts of the outer
membrane of the rough endoplasmic reticulum of tubular
epithelial cells of the kidney (Fig. 5A). In the liver,
significant immunoreactivity was observed in the cyto-
plasm of hepatocytes near the central vein (Fig. 4D).
Immunoelectron microscopic examination showed

Fig. 4. Immunohistochemical localization of BH in rat
tissues. (A) Kidney. The cortex of the kidney was stained
positively. (B) High magnification of (A). Granular immunoreac-
tivity was observed in the cytoplasm of epithelial cells of both
distal and proximal tubular cells. (C) Spleen. BH-positive

staining cells were present in the red pulp. (D) Liver. BH was
positive in the cytosol of hepatocytes. (E) Brain. Neuronal and/or
non- neuronal cells were positive after pretreatment with trypsin.
(F) High magnification of (E). The scale bars indicate (A) 20 mm,
(B) 5 mm, (C) 6.67 mm, (D) 6.67 mm, (E) 20 mm, and (F) 6.67 mm.
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immunoreactivity mainly in the cytoplasm as well as at
the outer membrane of the rough endoplasmic reticulum
of hepatocytes, in which the nuclei, mitochondria, and
peroxisomes in the cytoplasm were devoid of BH
immunoreactivity (Fig. 5B). These results may indicate
that the subcellular localization of BH in the kidney
and liver is essentially similar. Koldamova et al.
demonstrated that human BH interacts with the homo-
logues of rat ribosomal proteins L11 and L29 using
a yeast two-hybrid system (45). Tissue extracts from
the liver and kidney were prepared in isotonic buffer
containing 0.25M sucrose and separated into nuclear
(1000g for 10min), mitochondrial (10,000g for 20min),
microsomal (100,000g for 60min) and cytosolic super-
natant (100,000g for 60min) fractions by differential
centrifugation. The recoveries of marker enzyme
activities of mitochondrial, microsomal and cytosolic
supernatant fractions were 43.1, 69.4 and 72.4%, respec-
tively, for liver and 44.1, 61.5 and 72.0%, respectively,
for kidney. BH was found mostly in the cytosolic
supernatant from liver and kidney (Fig. 6A and B).
In addition, BH was significantly detected in the micro-
somal and mitochondrial fractions from both homog-
enates, but the detection in the latter fraction might
have resulted from insufficient washing with isotonic
buffer, judging from the low recovery. Furthermore,
another weak band with slightly higher molecular mass
than that of the BH subunit was usually detected in the
microsomal fraction despite the lack of detection in the
whole homogenate from rat tissues. Also, staining
with second antibody alone yielded only negligible
bands (data not shown). These results suggested that
the localization of BH is mainly in the cytoplasm and is
due to the interaction of BH with some component(s)
such as ribosomal protein in the cells. In the spleen,
BH immunostaining was detected in erythrocyte- and/or
leukocyte-like cells in the red pulp, but no staining was

observed in germinal cells in the white pulp (Fig. 4C).
It would be of interest to know whether BH has a
physiological role in the immune system, such as a role
in hemo-lymphocytic lineage tissues and/or cells.
Here, we detected BH protein in extracts of leukocyte-
rich cells from rat blood and hemo-lymphocytic lineage
cell lines by Western blotting (Fig. 2B). Furthermore,
previous biochemical studies indicated that BH partici-
pates in the trimming of peptides that act as antigens in
the major histocompatibility complex (MHC) class I
processing pathway (46, 47). Recently, we reported that
BH processed limited-length peptides such as b-amyloid
peptides by endo-peptidase, amino-peptidase or caboxyl-
peptidase activities (22). Also, we observed the BH
immunoreactivity mainly in neurons and in dystrophic
neuritis of senile plaques in Alzheimer’s disease
brains (48). Here, specific immunostaining was detected
in neuronal and/or non-neuronal cells at the cortex of
the cerebrum only when using sections pretreated
with trypsin (Fig. 4E and F). These results suggest
that BH protein in the brain may be masked with some
cellular protein component(s) and may play a role in
protein metabolism.
In summary, the results presented in this study

suggest that the ELISA method developed here will
be a useful tool for future studies on the physiological
role of BH. Furthermore, the localization of BH immu-
noreactivity in the rat kidney, liver, spleen and brain
suggest that BH is distributed in the cytoplasm and/or
at the outer membrane of the rough endoplasmic
reticulum together with some protein component(s).
We speculate that BH participates in protein metabolism
at a position downstream of the main protein

Fig. 5. Immunoelectron micrographs of rat kidney and
liver sections. (A) Kidney. Immunoreactive particles were
detected in the cytosol (arrowheads) and at the outer membrane
of the rough endoplasmic reticulum (arrows). (B) Liver.
BH-positive particles were mainly observed in the cytosol
(arrowheads) and at the outer membrane of the rough
endoplasmic reticulum (arrows). Higher-magnification images
are magnified 2.3 and 1.5 times for kidney and liver,
respectively. N, nuclei; Mt, mitochondria; p, peroxisomes.
The scale bars indicate (A) 0.045mm and (B) 0.05 mm.

Fig. 6. Western blotting of BH in subcellular fractions
from rat liver and kidney. Liver and kidney tissues were
homogenized in 10 volumes of isotonic buffer by addition of
sucrose (0.25M final concentration) in a Teflon homogenizer.
Subcellular fractionation was accomplished by sequential differ-
ential centrifugation to yield pellets of non-disrupted tissues and
cellular nuclei (1000g for 10min) and mitochondria (10,000g for
20min). The mitochondrial supernatant was centrifuged at
100,000g for 60min using a RP65T rotor in a Hitachi 65P-7
ultracentrifuge to yield a microsomal pellet containing ribosome
and cytosolic supernatant fractions. The average overall enzyme
activity recoveries of mitochondrial, microsomal and cytosolic
supernatant fractions were 43.1, 69.4 and 72.4%, respectively,
for liver and 44.1, 61.5 and 72.0%, respectively, for kidney.
SDS-PAGE and Western blotting were performed using the
above samples by the methods as described in ‘Materials and
Methods’. (A) Liver; (B) Kidney. Approximately 55 mg of total
protein was applied per lane: lane 1, precipitate at 1000g for
10min; lane 2, precipitate at 10,000g for 20min; lane 3,
precipitate at 100,000g for 60min, lane 4, supernatant at
100,000g for 60min. The migration position of BH is indicated.
The numbers on the left side indicate the migration positions
of ovalbumin.
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degradation systems such as the ubiquitin-proteasome
and/or calpain systems, and in processing to functional
proteins in mammalian cells.
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