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Oxidized protein hydrolase (OPH), an 80 kDa serine protease whose activity is inhibited
by diisopropyl fluorophosphate (DFP), has been isolated from human erythrocytes
[Fujino, T. et al. (1998) J. Biochem. 124, 1077-1085]. The presence of OPH in various bio-
logical samples was examined by enzyme-linked immunosorbent assay (ELISA) and
immunoblotting using an anti-OPH antibody raised against OPH purified from human
erythrocytes, and by [FHIDFP-labeling and successive SDS-PAGE/fluorography. Solubi-
lized samples of human cell lines including K-562 cells, THP-1 cells and Jurkat cells, and
rat tissues including brain, heart, liver, kidney, and testis, inhibited the anti-OPH anti-
body binding to OPH in ELISA. Immunoblotting of lysates of K-562 cells, THP-1 cells and
Jurkat cells showed four immunoreactive protein bands including an 80 kDa protein.
Immunoprecipitation of the PHJDFP-labeled K-562 cell lysate and successive SDS-PAGE/
fluorography showed the presence of only the 80 kDa DFP-reactive protein with OPH
antigenic activity. The level of the 80 kDa immunoreactive protein in K-362 cells rose as
the cells differentiated toward erythrocytes. Immunoblotting of human and rat plasma
showed two immunoreactive protein bands, including the 80 kDa protein, and SDS-
PAGE/fluorography of [FHIDFP-labeled rat and human plasma showed the presence of
only the 80 kDa DFP-reactive protein. The results indicate that OPH is present in a wide
variety of biological samples.
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Primary antioxidant defense systems that prevent the gen-
eration of free radicals or break radical chain reactions are
known to protect living cells from oxidative damage. Sec-
ondary antioxidant defense systems including proteases
that preferentially degrade oxidatively damaged proteins,
have been suggested (I). The preferential degradation of
oxidatively damaged proteins is important for the removal
of damaged proteins for their renewal. So far, the preferen-
tial degradation of oxidatively damaged proteins by several
proteases has been demonstrated (2-17). We previously
demonstrated the presence of an 80 kDa serine protease,
oxidized protein hydrolase (OPH), in human erythrocytes,
which preferentially degrades oxidatively damaged mem-
brane proteins (18, 19). This protease is inhibited by diiso-
propyl fluorophosphate (DFP) (18, 19). It is originally pre-
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gsent in the cytosol and becomes adherent to cell mem-
branes when the cells are oxidized (19, 20). More recently,
OPH has been identified as acylpeptide hydrolase (ACPH)
(21). It is not, however, known whether OPH is distributed
in biological samples other than human erythrocytes.

In the present study, we examined the presence of OPH
in human cell lines, rat tissues and human/rat plasma by
enzyme linked immunosorbent assay (ELISA) and immu-
noblotting using an anti-OPH antibody raised against OPH
purified from human erythrocytes, and by FH]DFP-label-
ing and successive SDS-PAGEAluorography. OPH or immu-
nochemically related proteins were present in all the bio-
logical samples tested. The OPH present in a wide variety
of biological samples may play an important physiological
role in the removal of oxidatively damaged proteins.

MATERIALS AND METHODS

Materials-—Diisopropyl flucrophosphate (DFP), BSA (glo-
bulin free), and protein A Sephargse were purchased from
Sigma Chemical (St. Louis, MO). Fetal calf serum (FCS)
was from Bio Whittaker (Walkersville, MD); RPMI 1640
medium, penicillin, and streptomycin were from GIBCO
Laboratories (Grand Island, NY); o-phenylenediamine was
from Tokyo Chemical Industry (Tokyo); Hank’s balanced
salt solution (HBSS) was from Nissui Seiyaku Corporation
(Tokyo); hydrogen peroxide (30%), n-butyric acid, and 2,7-
diaminofluorene (DAF) were from Wako Pure Chemical

2102 ‘T $0q0100 uo A1seaiun Bunped e /Hlosreulnolplioixo-qly/:dny wouy papeojumoq


http://jb.oxfordjournals.org/

308

Industries (Osaka); [1,3-*H]diisopropyl fluorophosphate
(PH] DFP) (6.0 Ci/mmo}) and EN*HANCE were from NEN
Research Products (Boston, MA); %[-goat anti-rabbit IgG
was from ICN Biochemicals (Costa Mesa, CA); X-ray film
(XAR-5) and hemin were from Eastman Kodak (Rochester,
NY); protein A-horseradish peroxidase conjugate was from
Bio-Rad Laboratories (Hercules, CA). Polyvinylidene difluo-
ride (PVDF) blotting membranes were obtained from ATTO
(Tokyo).

Analysis—Protein levels were determined by the method
of Lowry et al. (22) using BSA as a reference standard.
Spectrophotomeric measurement was performed with a Hi-
tachi U-2000 spectrophotometer. Radioactivity was mea-
sured on an Aloka LSC 3500 Liquid Scintillation System
(Aloka, Tokyo) for B-rays CH), and an Aloka ARC 2000 Auto
Well Gamma System and a Bio-Imaging Analyzer BAS
2000 (Fuji Photo Film, Tokyo) for yrays (*1). SDS-PAGE
was performed according to the method of Laemmli (23) in
a discontinuous buffer system with a 7.5 or 10% separating
gel and a 4% stacking gel under reducing conditions. Pro-
tein samples were solubilized with Laemmli’s sample
buffer. For fluorographic detection of ®*H-radioactivity, the
SDS-PAGE gel was treated with EN*"HANCE according to
the manufacturer’s instructions and dried. The radiocactiv-
ity was visualized on Kodak XAR-5 X-ray film with the aid
of an enhancing screen (Lightning Plus) at -80°C.

Purification of Oxidized Protein Hydrolase (OPH) and
Preparation of Anti-OPH Antibody—Oxidized protein hy-
drolase (OPH) was purified from human erythrocytes, ac-
cording to the method previously described (20). A specific
antibody against OPH (anti-OPH antibody) was prepared
as described previously (20). Briefly, rabbits [Japanese
White, 12 weeks, male from Japan Laboratory Animals In-
corporated (Tokyo)] were immunized with purified OPH,
and IgG was obtained from the antiserum. The specific
antibody was purified from the IgG fraction by affinity
chromatography using a sepharose column coupled to thor-
oughly purified OPH extracted from the 80-kDa protein
band of purified OPH in an SDS-PAGE gel.

Cells—K-562 cells (24) and THP-1 cells (25) were ob-
tained from the Japanese Cancer Research Resources Bank
of the National Institute of Health Sciences (Tokyo). Jurkat
cells (26) was obtained from the Riken Cell Bank of the
Institute of Physical and Chemical Research (Saitama).
These cell suspensions were cultured in RPMI 1640
medium with 10% heat-inactivated FCS, 50 U/ml penicil-
lin, 50 mg/ml streptomycin, and passaged every 4 or 5 days.
After the cells had grown sufficiently, they were washed 3
times with Ca?-, Mg**-Dulbecco’s phosphate buffered saline
[DPBS (-)] and centrifuged (100 xg, 4°C, 10 min). Cells
were placed on a hemocytometer and counted under a
microscope. For the preparation of cell lysates, the cells
were shaken in DPBS (-) containing 0.2% Triton X-100 at
4°C for 20 min, and the insoluble materials were removed
by centrifugation (27,000 xg, 4°C, 10 min). The supernatant
of the solubilized cells is hereafter called cell lysate.

Rat Tissues—Rats [Wistar, 9 weeks from Japan Labora-
tory Animals Corporation (Tokyo)} were sacrified by bleed-
ing. Brain, heart, liver, kidney, and testis were quickly iso-
lated and washed with physiological saline. Each tissue
was homogenized in about 10-fold volume of 10 mM potas-
sium phosphate buffer containing 30 mM KCl (pH 7.8) (w/
v) with an ice-cooled Potter-type teflon homogenizer. The
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homogenate was stored at —80°C under a nitrogen atmo-
sphere before use. For preparation of solubilized homoge-
nates of each tissue, the homogenate was shaken in DPBS
(-) containing 0.2% Triton X-100 at 4°C for 20 min, and the
insoluble materials were removed by centrifugation (27,000
xg, 4°C, 10 min). The protein content of the solubilized
homogenate was adjusted for use.

Preparation of Human Plasma and Rat Erythrocytes and
Plasma, and [PHIDFP-labeling—Fresh human blood was
withdrawn intravenously into a syringe with heparin as an
anticoagulant; rat blood was withdrawn from the heart into
a gyringe. Rat erythrocytes were lysed and labeled with
PHIDFP, and the labeled proteins were partially purified
according to the method for the preparation of human
erythrocyte lysates (20). Blood was centrifuged (650 xg, 4°C,
10 min), and the supernatant was centrifuged again (1,500
xg, 4°C, 10 min) to prepare plasma free from erythrocytes,
leukocytes and platelets. FH]DFP-labeling of plasma was
performed according to the method previously described
(19). Briefly, 20 ul of a solution of 1 mCi FH]DFP (0.1 ul/ml)
was added to 10 ml of plasma diluted with DPBS (-) (10
mg protein/ml), and the mixture was incubated at 4°C for 1
h with stirring. To inactivate the remaining serine protease
activity, unlabeled DFP was added to the mixture at a final
concentration of 2 mM, and the mixture was kept at 4°C for
1 h. The preparation was stored as FH|DFP-labeled plasma
at -80°C.

Differentiation of K-562 Cells Toward Erythrocytes—K-
562 cells are caused to differentiate toward erythrocytes by
triggering with hemin or n-butyric acid (27). A solution of
20 mM hemin in 0.2 M NaOH with 0.6 M Tris-HCI (pH 7.4)
or a solution of 1 M n-butyric acid sodium salt in HBSS
was added to K-562 cell suspensions (1 x 10° cells to 2 x 10°
cells/ml) to a final concentration of 50 pM hemin or 1 mM
n-butyric acid. The cell suspension was cultured for 5 days
at 37°C in a 5% CO, atomosphere. The differentiated cells
were counted after staining the hemoglobin-producing cells
using DAF (28). Briefly, the cells were washed 3 times with
DPBS (-) and centrifuged (420 xg, 4°C, 10 min) after each
wash. Ten drops of a DAF staining solution prepared by
mixing a 1% DAF solution in acetic acid, 0.1 ml of hydrogen
peroxide, and 10 ml of 200 mM Tris-HCI (pH 7.0) were
added to 2 ml of cell suspension (1 x 10° cells to 2 x 10?
cells/ml), and the suspension was kept at room temper-
arure for 10 min. Part of the cell suspension was placed on
a hemocytometer, and positively colored cells were counted
under a microscope to calculate the percentage of differenti-
ated cells.

Detection of OPH Antigens by Enzyme-Linked Immuno-
sorbent Assay (ELISA) and Immunoblotting—ELISA and
immunoblotting were performed according to the method
previously described (20). Detection of OPH antigens in the
sample was performed by competitive inhibition of ELISA
in the binding of anti-OPH antibody and OPH. An incu-
bated mixture of anti-OPH antibody and sample was
placed in an OPH-coated well, and the plate was incubated.
The antibody bound to the plate was measured by incuba-
tion with protein A horseradish peroxidase conjugate, fol-
lowed by the measurement of the bound peroxidase activity
using o-phenylenediamine and hydrogen peroxide. The
brown color was measured by absorbance at 492 nm. The
absorbance of a similarly processed control well was sub-
tracted as a blank.
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Immunoblotting of the sample was performed as follows.  were mixed, and the mixture was incubated at 4°C for 2 h
SDS-PAGE of the sample was performed, the protein bands to immunoprecipitate OPH antigens in the [FH]DFP-
were transfered to a PVDF membrane, and the membrane  labeled cell lysate. The whole antibody—bound protein A
was incubated first with anti-OPH antibody and then with ~ Sepharose to which the OPH antigens adhered was washed
%] ]labeled goat anti-rabbit IgG as a second antibody. The = with DPBS (-) and subjected to SDS-PAGE. PH]DFP-
radioactive bands on the membrane were visualized by labeled protein bands were detected by fluorography.
radioluminography. .

Detection of OPH Antigens in [PHIDFP-Labeled K-562 RESULTS
Cells—Six microliters of a solution of anti-OPH antibody
(30 pg protein) was added to 100 pl of a 50% suspension of OPH was purified from human erythrocytes, and a specific
protein A Sepharose, and the mixture was incubated at 4°C  antibody against OPH was prepared by immunizing rabbit
for 2 h. The protein A Sepharose was recovered and washed  with purified OPH. Affinity chromatography of the IgG
with DPBS (-) to prepare the antibody-bound protein A  fraction of the antiserum was then conducted using OPH-
Sepharose. One milliliter of K-562 cell suspension (1 x 108  coupled Sepharose according to the method previously de-
cells) was sonicated at room temperature for 3 min, and  scribed (20). The presence of OPH antigens in human
labeled with 10 ul of a solution of 1 mCi FH]DFP (0.1 pl/ml)  myeloleukemia cultured cell lines K-562, THP-1, and Jur-
according to the method described for the H-labeling of  kat cells was examined. K-562 cells are a pluripotent stem
erythrocytes (19) to prepare about 1 ml of PH]DFP-labeled  cell-like cell line that can differentiate into erythrocytes,
K-562 cell suspension. The whole antibody-bound protein A  monocytes, and megakaryocytes (24). THP-1 cells are a
Sepharose and 0.4 ml of the FH]DFP-labeled cell lysate  monocytic cell line that can differentiate into macrophages
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Fig. 1. Inmunoreactivity of human cultured cell lines with activity of the lysate against the binding of anti-OPH antibody to
anti-OPH antibody as detected by competitive inhibition of OPH-oated wells in ELISA was measured at the concentrations indi-
ELISA. Human cultured cell lines, K-562 cells, THP-1 cells, and Jur- cated.
kat cells, were lysed with 0.2% Triton X-100/ DPBS (-). The inhibitory
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Fig. 2. Immunoreactivity of rat tissues with anti-OPH anti- DPBS (). Their inhibitory activity against the binding of anti-OPH
body as detected by competitive inhibition in ELISA. Rat tis- antibody to the OPH-coated wells in ELISA was measured at the con-
sues were homogenized and solubilized with 0.2% Triton X-100/ centrations indicated.
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(25). Jurkat cells are a T-lymphoid cell line (26). Cells were
solubilized in 0.2% Triton X-100. Competitive inhibition of
the cell lysate of each cell line against the anti-OPH anti-
body binding to OPH in ELISA was examined. It was found
that each cell line inhibited binding in a dose-dependent
manner (Fig. 1). Based on a calibration curve obtained
using standard OPH purified from erythrocytes as a com-
petitive inhibitor, the content of OPH or cross-reactive anti-
gens (OPH antigens) in K-562 cells, THP-1 cells and Jurkat
cells was estimated to be equivalent to 52, 29, and 19 pg
OPH/g cell protein, respectively. The results indicate that
OPH antigens are present in these cell lines.

Homogenates of rat tissues including brain, heart, liver,
kidney, and testis were solubilized with 0.2% Triton X-100.
Competitive inhibition of the solubilized samples of each
tissue against anti-OPH antibody binding to OPH in
ELISA was examined. It was found that components of
each tissue inhibit binding in a dose-dependent manner
(Fig. 2). Based on a calibration curve obtained using stan-
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Fig. 3. Detection of OPH antigens in human cultured cell
lines by immunoblotting. Human cultured cell lines, K-562 cells
(a), THP-1 cells (b), and Jurkat cells (c), were lysed with 0.2% Triton
X-100/DPBS (-). The lysate of each cell line was subjected to SDS-
PAGE under reducing conditions, followed by immunoblotting detec-
tion of the cellular proteins that reacted with anti-OPH antibody us-
ing #I-labeled goat anti rabbit IgG as a second antibody. Protein
loaded on each lane: 20 pg.

Fig. 4. Detection of anti-OPH antibody-reactive serine en-
zyme in FH]DFP-labeled K-562 cell proteins. Anti-OPH anti-
body (30 pg protein) was bound to 50 mg of protein A Sepharose and
incubated with PH]DFP-labeled K-562 cell lysates to immunopre-
cipitate OPH antigens. The whole protein A Sepharose resin was
washed with DPBS (-) and subjected to SDS-PAGE, and the [FH]-
DFP-labeled proteins were detected by fluorography.
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dard OPH purified from erythrocytes, the content of OPH
antigens in rat tissues was estimated to be equivalent to
45.3 (brain), 35.9 (heart), 35.9 (liver), 18.8 (kidney), and
56.3 (testis) pg OPH/g tissue protein. These results indicate
that OPH antigens are distributed in various rat tissues.
Immunoblotting of cell lysates of human cultured cell
lines was performed using anti-OPH antibody in order to
analyze the OPH antigens (Fig. 3). Each cell line showed
two major anti-OPH antibody-reactive protein bands at 80
and 95 kDa, and two minor bands at 140 and 160 kDa.
Because these bands were not detected using normal rabbit
IgG, the bands are specific to the anti-OPH antibody. The
OPH antigens in K-562 cells were examined for serine en-
zyme activity. OPH antigens in PH]DFP-labeled K-562 cell
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Fig. 5. Differentiation of K-5662 cells and changes in the level
of OPH antigens. Hemin or n-butyric acid was added to K-562
cells (1-2 x 10* cells/ml) at a final concentration of 50 uM or 1 mM,
respectively, and the cells were cultured at 37°C for 5 days under an
atmosphere of 5% CO,. (A) The percentage of K-562 cells differenti-
ating toward erythrocytes as estimated by staining hemoglobin
with DAF. The data are the means of triplicate determinations. a:
untreated cells; b: 50 M hemin-treated cells; ¢ 1 mM n-butyric
acid—treated cells. (B) Detection of OPH antigens in K-562 cells dif-
ferentiated by immunoblotting. K-562 cells were lysed with 0.2%
Triton X-100/DPBS (), and the cell lysates were subjected to SDS-
PAGE under reducing conditions, followed by immunoblotting de-
tection using anti-OPH antibody and '*I-labeled goat anti rabbit
IgG as a second antibody. Protein loaded in each lane: 30 pg. a: un-
treated cells; b: 50 yM hemin—treated cells; ¢: 1 mM n-butyric acid—
treated cells.
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Fig. 6. Detection of 80 kDa OPH in rat erythrocytes PH]DFP-
reactive proteins were partially purified from rat erythrocyte lysate.
Partially purified PHIDFP-labeled proteins were subjected to SDS-
PAGE under reducing conditions. (A) Immunoblotting detection us-
ing anti-OPH antibody and #*I-labeled goat anti rabbit IgG as a sec-
ond antibody. Protein loaded on each lane: 2 pg. (B) Detection of
PHIDFP-labeled proteins by fluorography. *H-radicactivity loaded
in each lane: 3,300 cpm.
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Fig. 7. Detection of OPH antigenic proteins in human
plasma. (A) Detection by immunoblotting. Human plasma was sub-
jected to SDS-PAGE under reducing conditions, followed by immu-
noblotting detection of human plasma proteins reactive with anti-
OPH antibody using #I-labeled goat anti rabbit IgG as a second an-
tibody. Protein loaded in each lane: 25 pg. (B) Detection of PH]DFP-
labeled proteins in human plasma. PH]DFP-labeled human plasma
was subjected to SDS-PAGE under reducing conditions, and the
FHIDFP-labeled protein bands were detected by fluorography.

lysates were immunoprecipitated by anti-OPH antibody-
bound protein A Sepharose, and the 3H-labeled OPH anti-
gens were analyzed by SDS-PAGEMuorography (Fig. 4).
Only the 80 kDa DFP-reactive protein was found to be
anti-OPH antibody-reactive, indicating that the 80 kDa
OPH antigenic protein is an enzyme with active serine resi-
dues.

Changes in the level of OPH antigens during the differ-
entiation of K-562 cells to erythrocytes was examined. K-
562 cells were cultured with differentiation-inducing
agents (27), hemin or n-butyric acid, for 5 days. The per-
centage of hemoglobin-producing cells was calculated by
measuring the numbers of cells by DAF staining (28) (Fig.
5A). The percentage of hemoglobin-producing cells, 7% of
the untreated cells, increased to 32% in the hemin-treated
cells and 28% in the n-butyric acid-treated cells. Immuno-
blotting using anti-OPH antibody (Fig. 5B) showed that the
level of the 80 kDa as well as the 95 kDa OPH antigenic
protein bands was increased by differentiation with either
of the inducing reagents.

Rat erythrocyte lysates were labeled with PH]DFP, and
the DFP-reactive proteins were partially purified. Immuno-
blotting of the partially purified protein using anti-OPH
antibody was performed (Fig. 6A). An immunoreactive 80
kDa protein band was observed. SDS-PAGE/fluorography
of the partially purified protein revealed an 80 kDa °H-
labeled protein band (Fig. 6B). The results indicate that
OPH was present in rat erythrocytes.

Immunoblotting of human plasma using anti-OPH anti-
body (Fig. 7A) showed the presence of 60 and 80 kDa OPH
antigens. SDS-PAGE/fluorography of PH]JDFP-labeled hu-
man plasma showed the presence of an 80 kDa DFP-reac-
tive protein (Fig. 7B). The 80 kDa protein might be OPH,
while the 60 kDa protein had no active serine residues.
Immunoblotting of rat plasma using anti-OPH antibody
(Fig. 8A) showed the presence of 70 and 80 kDa OPH anti-
gens. SDS-PAGEAluorography of the PH]DFP-labeled rat
plasma showed the presence of an 80 kDa DFP-reactive
protein (Fig. 8B). The 80 kDa protein might be OPH, while
the 70 kDa protein had no active serine residues.
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Fig. 8. Detection of OPH antigenic proteins in rat plasma (A)
Detection by immunoblotting. Rat plasma was subjected to SDS-
PAGE under reducing conditions, followed by immunoblotting de-
tection of rat plasma proteins reactive with anti-OPH antibody us-
ing *1-labeled goat anti rabbit IgG as a second antibody Protein
loaded in each lane: 25 pg. (B) Detection of PHIDFP-labeled proteins
in rat plasma. [PH]DFP-labeled rat plasma was subjected to SDS-
PAGE under reducing conditions, and the PH]DFP-labeled protein
bands were detected by fluorography.

DISCUSSION

During the course of the investigation of the enzymatic
removal of oxidatively damaged proteins from human
erythrocyte membranes, we found an 80 kDa serine pro-
tease in the membranes of oxidized erythrocytes and unoxi-
dized erythrocyte cytosol that preferentially degraded
oxidatively damaged proteins. This enzyme was termed oxi-
dized protein hydrolase (OPH) (18-21). In the present
study, OPH and immunochemically related proteins were
detected in human cultured cell lines, rat tissues and
plasma, and human plasma by ELISA and immunoblotting
using an anti-OPH antibody raised against OPH purified
from human erythrocytes, and/or by fluorography of PH]-
DFP-labeled proteins. The 80 kDa protein detected in the
present study was both immunoreactive to anti-OPH anti-
body and labeled by DFP, and therefore was concluded to
be OPH.

OPH antigens other than the 80 kDa protein were de-
tected in human cell lines, including K-562 cells, THP-1
cells, and Jurkat cells, and rat and human plasma by
immunoblotting. These proteins may be OPH-family pro-
teins without reactive serine residues. Three OPH antigens
with larger molecular weights were detected in human cul-
tured cell lines, and single OPH antigens with smaller
molecular weights were detected in human and rat plasma.
It is not known whether these OPH-related proteins are
the precursors or the degradation products of OPH.

Immunoblotting showed that the level of OPH in K-562
cells increases with cell differentiation toward erythrocytes.
Unnecessary oxidatively damaged proteins generated in
the cells during differentiation may be removed by OPH.
OPH is present in mature erythrocytes so as to degrade
and remove unnecessary oxidatively damaged proteins
from cells in circulation (20). OPH was found to be present
in extracellular plasma, but the role of extracellular OPH is
not known.

More recently, OPH obtained from human erythrocytes
was found to be identical to a known acylpeptide hydrolase
(ACPH) by comparison of their amino acid sequences and
enzymatic activities (21). ACPH, first isolated from rat liver
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by Tsunasawa et al. (29) is a serine exopeptidase that
releases an acylated N-terminal amino acid from N-acyl-
ated peptides (29). OPH has ACPH enzyme activity when
N-acetyl-L-alanine p-nitroanilide and N-acetylmethionyl L-
alanine are used as substrates, and glutathione S-trans-
ferase—tagged recombinant ACPH has OPH enzyme activ-
ity when oxidized BSA is used as a substrate (21). Tsuna-
sawa et al. (29) have suggested the presence of ACPH in
various rat tissues by measuring the enzymatic activity of
ACPH. The purification and enzymatic characterization of
ACPH from various origins (29-35), and the structural con-
siderations of ACPH (36-42) have been accomplished. How-
ever, the physiological functions of ACPH has not yet been
elucidated, whereas a possible role of ACPH in the co-
translational or post-translational modification of the nas-
cent polypeptide chain has been discussed (34), and the
possible use of ACPH for structural studies on blocked pep-
tide or protein substates has been evaluated (29, 34).

Earlier studies that surveyed ACPH activity have shown
that ACPH is distributed in a wide variety of tissues (29,
35); the present study using anti-OPH antibody and DFP-
labeling shows that OPH and immunochemically related
proteins are also widely distributed in a variety of cells and
tissues. Because OPH is found to be identical to ACPH, the
physiological role of the enzyme is extended, and it may
play an important role in the removal of oxidatively dam-
aged proteins from cells and tissues.
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