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A Unique Ectonucleotide Pyrophosphohydrolase Associated with Porcine
Chondrocyte-derived Vesicles
Ikuko Masuda,* Jun-ichiro Hamada,* Arthur L. Haas,t Lawrence M. Ryan,* and Daniel J. McCarty*
*The Division of Rheumatology, Department of Medicine, and 'Department of Biochemistry, Medical College of Wisconsin,
Milwaukee, Wisconsin 53226

Abstract Introduction

Previous studies have shown increased nucleotide pyrophos-
phohydrolase (EC 3.6.1.8) (NTPPHase) activity in deter-
gent extracts of degenerated human cartilage containing cal-
cium pyrophosphate dihydrate (CPPD) crystals relative to
those from osteoarthritis or normal cartilage. NTPPHase
was later shown to be an ectoenzyme and its activity was
increased in synovial fluid from patients with CPPDcrystal
deposits relative to fluids from other types of arthritis. We
have purified a soluble 61-kD NTPPHase from conditioned
media of organ-cultured porcine articular cartilage to
electrophoretic homogeneity. Its NH2-terminal sequence
through 26 cycles showed < 30% homology to any pre-
viously reported protein sequence. An antibody raised to a
synthetic peptide corresponding to this sequence reacted
with denatured but not native enzyme. This antibody re-
acted against a sedimentable vesicle-associated 127-kD pro-
tein in conditioned media from cultured articular cartilage
or from chondrocytes in primary monolayer culture and
against a series of soluble proteins in conditioned media
supernatant, including a 61-kD protein representing our
original isolate. No reactivity was found in 1%SDSextracts
of washed cultured chondrocytes, although these contained
greater NTPPHaseactivity than the conditioned media. An-
tibody to PC-1, another ectoNTPPHase, reacted with 1%
SDS extracts of whole chondrocytes but not against those
chromatographic fractions containing the major portion of
NTPPHase activity. Release of the vesicle-associated 127-kD
enzyme into conditioned medium was stimulated three- to
sevenfold by TGFJ31. The antibody also reacted with a series
of soluble proteins and with a 127-kD sedimentable protein
in human synovial fluid. Kinetic studies supported the exis-
tence of a unique vesicle-associated NTPPHase; apparent
Km(mM) of chondrocyte membrane NTPPHasewas 1.5 and
3.0 at pH 7.3 and 9.88, respectively; apparent Km (mM) of
vesicle associated NTPPHase was 0.83 and 1.28 at pH 7.3
and 9.88. The data suggest the existence of a unique ecto-
NTPPHase associated with vesicles derived from normal
articular cartilage. (J. Clin. Invest. 1995. 95:699-704.) Key
words: nucleotide pyrophosphohydrolase * calcium pyro-
phosphate dihydrate - chondrocyte * vesicle - TGFI31
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Calcium pyrophosphate dihydrate (CPPD)' crystal deposition
in human articular cartilage is a common age-dependent event
often associated with degeneration of articular tissues and/or
with acute attacks of arthritis (1, 2). Prospects for preventing
or reversing CPPDcrystal deposition depends on a better under-
standing of inorganic pyrophosphate (PPi) metabolism in joint
tissues. Synovial fluid PPi levels are nearly always greater than
those of plasma and correlate directly with the degree of radio-
graphically evident joint degeneration (reviewed in reference
2). PPi is released into the ambient medium when cartilage
slices or isolated chondrocytes but not other joint tissues are
cultured in vitro, suggesting that this tissue is the source of
synovial fluid PP . Detergent extracts of CPPDcrystal-encrusted
degenerated cartilage contained increased nucleotide pyrophos-
phohydrolase (NTPPHase) activity relative to normal or degen-
erated cartilage without crystals (3). This enzyme generates
PP, from ATP and other nucleotides. NTPPHase is an ectoen-
zyme in canine (4) and in human (5) chondrocytes. ATP levels
were significantly higher in knee joint fluids containing CPPD
crystals compared with fluids from osteoarthritis (217 vs. 98
nM) (6) despite higher activity of NTPPHase in the former (7).

EctoNTPPHase activity is also associated with vesicles de-
rived from chondrocytes in epiphyseal cartilage, termed matrix
vesicles, and is thought by some investigators important for in
vitro calcification (8, 9). Addition of ATP to vesicles isolated
from adult porcine ( 10) or human ( 11 ) hyaline articular carti-
lage, termed articular cartilage vesicles (ACV), formed a min-
eral phase tentatively identified as monoclinic CPPD.

A sedimentable 127-kD NTPPHase and soluble peptide
fragments derived from it in porcine articular cartilage condi-
tioned medium are described here. This enzyme is distinct from
chondrocyte cell membrane NTPPHase and from PC-1, an
ectoNTPPHase found in many types of cells (12, 13).

Methods

Materials. Thymidine monophosphate p-nitrophenyl ester (TMPNP),
ATP from equine muscle, and yeast pyrophosphatase were from Sigma
Chemical Co. (St. Louis, MO); ['4C]uridine diphosphate glucose and
[32p] pp; were from ICN Biochemicals (Costa Mesa, CA); 1251 and
enhanced chemiluminescence (ECL) kit was from Amersham (Arling-

1. Abbreviations used in this paper: ACV, articular cartilage vesicles;
anti-SNTP, anti-synthetic NH2-terminal 61-kD soluble NTPPHase;
BCP, basic calcium phosphate; CPPD, calcium pyrophosphate dihy-
drate; EDC, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydro-
chloride; KPB, potassium phosphate buffer; NTPPHase, nucleotide
triphosphate pyrophosphohydrolase; PPj, inorganic pyrophosphate; PSF,
penicillin/streptomycin/Fungisone; TMPNP, thymidine monophos-
phate p - nitrophenyl ester.
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ton Heights, IL); '25I-protein A was prepared as described previously
(14). DEAE-Sepharose resin, Mono Q HR5/5, Phenyl superose HR5/
5 columns were from Pharmacia LKB Biotechnology Inc. (Piscataway,
NJ). Keyhole limpet hemocyanin, 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide hydrochloride (EDC), Freund's complete and incomplete
adjuvant Imject Immunogen EDC Conjugation Kit were from Pierce
(Rockford, IL); TGF/,3 was from Austral Biologicals (San Ramon,
CA); Affigel 102. resin, protein A-horse radish peroxidase, Ampho-
lyte, molecular weight, and isoelectric focusing standards were from
Bio-Rad (Hercules, CA); FBS, PSF, DMEM,Hepes, and Hanks' bal-
anced solution were from GIBCO(Grand Island, NY). Porcine cartilage
was obtained from Johnsonville Sausage (Watertown, WI) and from
Klement Sausage Co., Inc. (Milwaukee, WI).

Cartilage organ and chondrocyte monolayer cultures. Adult porcine
articular cartilage was sliced from the femoral and patellar surfaces of
knee joints with a scalpel under aseptic conditions shortly after slaughter.
The cartilage was minced and incubated for 24 h in DMEMwith 10%
FBS and 1% penicillin/streptomycin/Fungisone (PSF). The cartilage
was then washed, placed in serum-free DMEMcontaining 1%PSF, and
incubated for up to 192 h.

For monolayer cultures, chondrocytes were released from fresh carti-
lage by sequential digestion with trypsin and collagenase (15). Cells
were plated at high density (200,000 cells/cm2) and maintained as a
primary culture in DMEMcontaining 10% FBS and 1% PSF.

NTPPHase assay. Activity was measured using TMPNPas a sub-
strate (16). Briefly, 100 ul1 of enzyme was incubated at 370C with 100

1IL 2 mMTMPNP, 50 mMHepes, pH 7.3, in Hanks' balanced salt
solution. After 2 h, 800 pl of 0.1 N NaOHwas added. Absorbance was
determined at 410 nm. Results are expressed as picomoles of substrate
hydrolyzed per hour.

Enzyme activity was measured also using ATP as substrate as pre-
viously described (7). Briefly, using capped tubes, enzyme buffered
with 50 mMTris acetate, pH 7.4, containing trace [32p] PP; and 1 mM
of sodium phosphate was incubated with (a) 0.5 mMATP in 50 mM
Tris acetate, (b) buffer only, or (c) 0.5 mMATP in buffer containing
yeast inorganic pyrophosphatase for 1 h at 37°C. The tubes were placed
in boiling water for 5 min to stop the reaction, cooled, centrifuged at
10,000 g for 5 min, and the supernatant was stored at -20°C for subse-
quent PPi measurement. Enzyme activity was calculated as PPi produced
with or without added ATP. PPi levels were measured using the [`4C] -

UDPGradiometric method (17). These values were corrected for PP,
hydrolysis by determining the percentage of 32p precipitated as phospho-
molybdate (18). Protein concentrations were determined by the Lowry
et al. method (19) using BSA as standard.

Preparation of membrane fractions. Membrane fractions were iso-
lated by a standard method (20) from homogenates of chondrocytes
grown in primary monolayer culture for 4 d. At this time, the ectoNTP-
PHase activity lost during chondrocyte release is fully reconstituted
(21). The homogenate was centrifuged at 1,000 g for 15 min, and the
supernatant was centrifuged at 10,000 g for 1 h. The pellet was resus-
pended in 50 mMcarbonate-bicarbonate buffer, pH 9.8, containing 0.1%
Triton X-100 and incubated for 1 h with constant shaking. This suspen-
sion was centrifuged at 105 g for 1 h, yielding solubilized membrane-
derived protein. This supernatant fraction was used for further enzyme
purification and for kinetic studies.

Purification of conditioned media. Cartilage organ cultures and
chondrocyte monolayer conditioned media spontaneously release both
soluble and sedimentable vesicle-associated NTPPHase (21). Condi-
tioned media were harvested every 48 h and centrifuged at 10,000 g for
30 min to remove debris (all centrifugation was done at 4°C unless
otherwise stated). The media was then centrifuged at 20,000 g for 10
min, 50,000 g for 60 min, and finally at 2 x I05 g for 40 min. The
supernatant was used as the source of soluble enzyme, and the 2 X 105
g pellet was used as the source of the sedimentable enzyme. This pellet
contains a homogenous population of ACVs by electron microscopy
(10). Alkaline phosphatase, 5' nucleotidase, and inorganic pyrophos-
phatase activities were measured in this pellet as described else-
where (22).

Purification of soluble enzyme. The supernatant from ultracentri-
fuged conditioned medium was concentrated by ultrafiltration using
30,000 mol wt membranes (Centricell-60; Polyscience, Philadelphia,
PA), dialyzed against 50 mMTris-HCl, pH 9.0, containing 1 mMCaCl2
and 1 mMMgCl2 (buffer A) at 40C overnight, and applied to DEAE-
Sepharose columns (1.5 x 7.0 cm) equilibrated with buffer A. Elution
was carried out at 40C by stepwise salt gradients of 0, 0.1, 0.2, 0.3 M
NaCl in buffer A. Fractions were collected and assayed for protein and
NTPPHase. The active fractions were pooled and concentrated using
membrane cones (Centriflo-25A; Amicon, Beverly, MA). The concen-
trated enzymatically active eluate from the DEAE-Sepharose column
was applied to an anion exchange column (FPLC-Mono Q, Pharmacia)
in a high performance liquid chromatography system and equilibrated
with buffer A. The column was then eluted by a linear (0-1 MNaCl)
salt gradient in buffer A (slope was 12.5 mM/ml). 1-ml fractions were
collected and assayed for protein and enzyme activity. The active frac-
tions were pooled. The concentrated eluate from the Mono Q column
was adjusted to 1.8 M(NH4)2SO4 in 50 mMpotassium phosphate buffer
(KPB), pH 9.0 (buffer B) and then immediately applied to a reverse
phase column (FPLC-Phenyl Superose, Pharmacia) equilibrated with
buffer B. The column was then eluted by a linear desalting gradient
between 1.8 and 0 M (NH4)2SO4 in 50 mMKPB, pH 9.0 (slope of
gradient was 51.4 mM/ml); 0.5 ml fractions were collected, immedi-
ately desalted with 50 mMKPB, pH 9.0, using Amicon membrane
cones, and assayed for NTPPHase activity. The active fractions were
again pooled and concentrated using Amicon cones. The final prepara-
tion was stored at -70°C. The enzyme activity was very labile in the
presence of prevailing salt concentration. It was therefore necessary to

proceed with these last steps immediately. Molecular mass was deter-
mined from the comparative relative mobilities of standards on SDS-
PAGE(23).

Characterization of soluble enzyme. (a) Kinetic studies and pH
optima were performed for both the vesicle-associated and plasma mem-
brane-associated enzyme using TMPNPas a substrate. Vma, and Km
were determined at pH 7.31 and 9.88 for both enzymes using standard
methods (24). The activity of the soluble fragment against ATP and
TMPNPwas determined in fractions eluted from the Mono Q column.
(b) The NH2 terminal amino acid sequence of the purified protein was
determined by the Protein and Nucleic Acid Facility of the Medical
College of Wisconsin Cancer Center after SDS-PAGEresolution and
transblotting to polyvinylidene difluoride membrane (Immobilon-PTM
transfer membrane, Millipore Corp., Burlington, MA). The 61-kD band
was cut out and applied to gas phase protein sequencer (Applied Biosys-
tems 477ATM). A 26 NH2-terminal amino acid sequence was referred
to the NBRF sequence databank for homology with known protein
structures.

Production of antibodies and affinity purification. A peptide corre-
sponding to the first 15 NH2-terminal amino acids was synthesized by
a solid-phase method using N-Fmoc-amino acids (25). This peptide
was purified by HPLC and its composition confirmed by amino acid
analysis. The synthetic peptide was covalently coupled to keyhole limpet
hemocyanin using EDC and an Imject Immunogen EDCConjugation
Kit. The degree of peptide incorporation into the carrier was estimated
by HPLCcomparing the peaks before and after conjugation. Synthetic
peptide-carrier protein conjugate was injected subcutaneously into three
1-yr-old New Zealand White male rabbits, using an equal volume
mixture of immunogen with Freund's complete adjuvant. Booster injec-
tions in Freund's incomplete adjuvant were given every 2 wk thereafter.
Antibody titer was determined by Western blots of peptide in doubling
dilutions (14) using either ECL or 1251I-protein A autoradiography for
visualization.

The synthetic peptide was coupled to Affi-gel 102' (Bio-Rad) using
the EDCand then equilibrated with PBS. Immune serum was loaded
slowly onto the peptide affinity column, rinsed with PBS, and eluted
with 0.1 Mglycine HCl buffer, pH 2.8. This affinity purified IgG anti-
body [anti-synthetic NH2-terminal 61-kD soluble NTPPHase (anti-
SNTP)] was neutralized immediately with 1 MKPB, pH 9.3. Antibody
was concentrated and buffer exchanged with PBS using Amicon cones.
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Immunoprecipitation. The purified antibody was incubated fa
at 40C with partially purified NTPPHase (after Mono Q step) i
presence of 1%BSA to reduce nonspecific absorption. After 2 h at
Sephadex beads coupled with protein A were added, mixed for 2 1
centrifuged at 12,000 g for 10 min.

Western blot. Anti-SNTP in a dilution of 1:7,000 was used in N
ern blots against 1% SDS extracts from each of the following
porcine chondrocytes in monolayer culture harvested and washed I
with PBS, (b) subcellular fractions prepared from such chondro
(20), (c) ACVfrom enzymatically digested cartilage (10), (d) wa
2 x 105 g pellets of porcine cartilage organ culture conditioned me:
containing ACV, (e) whole porcine cartilage, (f ) washed cultures
man skin fibroblasts, (g) human knee joint fluid from a patient
severe degeneration and CPPDcrystal deposition, (h) plasmacy
cell lysate as a PC- I antigen marker (kindly provided by Scott Hick
Washington University, St. Louis, MO).

A rabbit polyclonal antibody raised against recombinant mouse I
macytoma PC-1, also obtained from Dr. Hickmnan, was tested ag
purified 61-kD NTPPHase and against chondrocyte membrane prel
tions exhibiting NTPPHase activity. The antibody was used at a dill
of 1: 10,000.

Each minigel (7 x 8 cm X 0.75 mm8% SDS) lane was lo;
with 10-15 Isg protein; up to 240 ,ug protein was loaded per lane u
larger (16 x 16 cm x 1.5 mm8%SDS) gels. Anti-SNTP used routi
at 1:50,000. To detect antigen in 1%SDSextract of chondrocyte ly.
it was used at a dilution of 1:5,000. The method could detect a]
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Table 1. Kinetic Studies Using Chondrocyte Membrane
and Sedimentable (Vesicle) Enzyme*

Apparent
pH Enzyme source V. K.

pmol/h per ml mM

7.31 Membrane sedimentable (127 kD) 0.658 1.50
0.012 3.00

9.88 Membrane sedimentable 0.677 0.83
0.542 1.28

* TMPNPwas used at 0.2, 0.5, 1.0, and 2.0 mM. Incubation was at 10,
20, 30, and 60 min at 370C; 800 Ml of 0.1 N NaOHwas added to stop
the reaction.

ution 0.015 HIg antigen using the large gels. Thus antigen in concentrations
< 0.006% of protein would not be detected.

aded Purification of sedimentable enzyme. The 2 x 105 g pellet from
ising conditioned media, containing ACV, was dialyzed against a large vol-
inely ume of 50 mMTris-HCl, pH 6.8, for 4 h at 40C and then dissolved in
sate, SDS sample buffer (1% SDS, 10% glycerol, 50 mMTris-HCl, pH 6.8,
bout and /3-mercaptoethanol). The proteins were separated on a 3-mm-thick

preparative SDS-PAGEgel. SNTPwas visualized by Western blot from
a test strip sliced from this gel. After the staining of the preparative
gel with Coomassie brilliant blue, this band was cut out, sliced, and
electroeluted (model 422 Elect-eluter, Bio-Rad). The electroeluted pro-
tein was lyophilized, stored at -700C, and used as a marker for immu-
noblots. A sample of the electroeluted protein was subjected to two-
dimensional gel analysis (26).

Preparation of ACVfractions. Vesicles were isolated from porcine
_ articular cartilage by sequential digestion with hyaluronidase, trypsin,

and collagenase (10). The cartilage digest was then treated as described
i for conditioned media. The pellet from the 2 x 105 g centrifugation

contained numerous vesicles by electron microscopy (10). ACV frac-
tions were also obtained from 72-h conditioned media of primary mono-

[ layer chondrocyte cultures using the same procedure described for carti-
lage-conditioned media. ACVcontaining fractions were prepared from
conditioned media of cultured chondrocyte with and without TGF/31
[10 nM final concentration, a level that increases PPi production by
chondrocytes (27, 28)].

Results

Purification and partial characterization of soluble enzyme.
Soluble NTPPHase from cartilage organ cultures was purified
more than 3,000-fold over the supernatant of 2 X 105 g condi-
tioned media. The specific activity and yield of the enzyme

ase were typically 2.5 x IO' U/mg of protein and 5%, respectively.
'ac- Throughout purification with Mono Q and Phenyl Superose, a
ITP single peak of NTPPHaseactivity was seen. On a 8%polyacryl-
Ls amide gel, the purified protein in 1% SDS migrated as a single
;in- band with an estimated molecular mass of 61 kD. NTPPHase
iv- activity of the 61-kD protein from Mono Q fractions using
ly excess ATP or TMPNPas substrate is shown in Fig. 1 a. Activ-

ity using ATP as a substrate was nearly an order of magnitude
lot greater. Western blot of these fractions using antibody to the
v- synthetic peptide (anti-SNTP) is shown in Fig. 1 b.
e~se Kinetic analyses of NTPPHase activity of the solubilized

c chondrocyte membrane and sedimentable (ACV) NTPPHase
ive are given in Table I. Substrate-velocity plots yielded straight
fly lines in all experiments. The pH optimum for both enzyme

activities was 9.88. The first 26 NH2-terminal amino acids from
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Table II. Partial Amino Acid Sequence of Purified Soluble
NTPPHase

NH2-Glu-Asp-Arg-Thr-Phe-Leu-Val-Gly-Asn-Met-Glu-Arg-Arg-
Thr-X-Leu-Phe-Asn-Leu-Asp-Val-Pro-Ala-Thr-Arg-X-

Done at MCWsequencing facility directed by L. Minde-Muller, Ph.D.
X, not determined.

the single 61-kD band on SDS-PAGE transblotted to PVDF
transfer membrane were obtained (Table II). There was no
significant (< 30%) homology with any known protein, includ-
ing PC-1, an NTPPHase whose complete sequence is known
(29). A peptide (1,837 mol wt) was synthesized corresponding
to the first 15 NH2-terminal amino acids; 263 mg was made at
74% yield. Its amino acid composition, HPLC mobility, and
magnetic resonance analysis confirmed that the original peptide
had been reproduced.

Production of antibodies. All three rabbits made antibodies
to the synthetic peptide (anti-SNTP) as measured by Western
blot using the peptide as antigen. These antibodies reacted with
both the crude preparation (mainly 127 kD) and the purified
soluble 61-kD enzyme.

Immunoprecipitation. Anti-SNTP failed to precipitate na-
tive 61-kD soluble NTPPHase, even after affinity purification.
Covalently coupling the affinity purified antibody directly to
Sephadex beads also failed to remove detectable amounts of
NTPPHase activity.

Immunoreactivities against synthetic NH2 terminal 61-kD
soluble NTPPHase antibody (anti-SNTP) using Western blot.
(a) Porcine chondrocytes and their (b) subcellular fractions:
Anti-SNTP failed to recognize any protein in a 1%SDS lysate
of washed chondrocytes harvested after 4 d in primary mono-
layer culture, nor did this antibody recognize any protein in
plasma membrane preparations prepared from such chondro-
cytes. (c) ACVfrom enzymatically digested cartilage: a 61-kD
protein was recognized by anti-SNTP (Fig. 2, lane 1). (d)
NTPPHase in cartilage conditioned media 2 x 10' g pellets: A
strong 127-kD reactivity was found in 1% SDS extracts of
pelleted ACV (Fig. 2, lanes 2 and 3). A series of reactivities
was found in the conditioned media supernatant also, ranging
from 127 to below 50 kD, including a 61-kD band representing
our original purification. (e) Whole cartilage: 1%SDSextracts
of porcine cartilage reacted with anti-SNTP, which recognized
a 127-kD band most intensely (Fig. 3, lane 5, and Fig. 4, lane
4). (f) Human skin fibroblasts: Anti-SNTP failed to react
against a 1%SDSextracts of washed cultured adult human skin
fibroblasts. (g) Humanjoint fluid: 1%SDSextracts of synovial
fluid from a patient with severe knee joint degeneration associ-
ated CPPDcrystal deposition disease reacted with anti-SNTP
(Fig. 4, lane 1). (h) Plasmacytoma cell lysate: anti-SNTP
showed no reactivity against this preparation, known to contain
PC-1 antigen.

Anti-PC-1 antibody showed reactivity against a 1 15-kD pro-
tein in the plasmacytoma cell lysate used as positive control
(Fig. 5, lane 7) and against a 115-kD protein in a porcine
chondrocyte membrane preparation (Fig. 5, lane 5) but not
against fractions of NTPPHaseactivity elevated from a Mono Q
column (Fig. 5, lanes 2 and 3). Anti-PC-1 antibody consistently
reacted against 6-galactosidase high molecular weight marker.
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.200

* 116
* .97 Figure 2. Western blot

showing reaction of anti-
SNTPagainst 1% cartilage
conditioned media 2 X 10'

66 g pellet in lanes 2 and 3 and
against ACSs freshly liber-
ated from articular cartilage
using digestive enzymes in
lane 1. The 61-kD purified

4 protein is used here as a posi-
tive control.

Figure 3. Western blot showing
reaction against vesicles from
TGFfl stimulated chondrocyte
monolayer culture medium in

KD lane 1, control culture medium
- 200 without TGFJ1 in lane 2, a vesi-

cle preparation from ACVs
-116 stored at-200C for 30 d in lane
- 97 3, electroeluted gel purified 127-

kD protein in lane 4, and whole
- 66 cartilage 1%SDSextract in lane

5. It is likely that intact NTPPH-
ase is degradated by the trypsin
used to liberate the vesicles from
the cartilage matrix as the major
protein reacting in freshly pre-
pared cartilage-derived vesicles
is 61 kD (see Fig. 2, lane 1).

This protein was derived from Escherichia coli. Weconclude
that the anti PC-1 antibody also contains antibody against (3-
galactosidase co-purified with recombinant PC-1 antigen. Anti-
PC-1 antibody also reacted with 1% SDS extracts of porcine
skin or whole cartilage, indicating cross-reactivity of antibody
raised against mouse PC-1 with porcine PC-1.

Characterization of sedimentable 127-kD enzyme. The elec-
troeluted protein produced a single spot on two-dimensional gel
analysis. Fig. 6a shows an immunoblot using anti-SNTP and b
shows an India ink stain for protein on the transblotted nitrocel-
lulose membrane. About 30% of total protein in the 2 x 105 g
pellet (ACV preparation) was 127 kD NTPPHase.

Marker enzyme studies on vesicle preparation. All values
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SDSextract of CPPDjoint fluid

97 pellet shown in lane 1. Lanes 3
and 4 contain 1% SDS extract
of porcine cartilage conditioned

. 66 medium 2 x IO' g pellet and
whole cartilage, respectively;
lane 6 contains control 61-kD
fragment; lanes 2 and 5 are va-

45 cant.

are given as mean±SD, n = 3. Alkaline phosphatase, 1,310
± 57 nmol nitrophenyl min- mg protein-'; 5' nucleotidase,
0.21±0.02 MLmol NADmin-' j.g protein-l; inorganic pyrophos-
phatase, 3.6±0.01 nmol Pi min' mg protein-'; NTPPHase,
189±6 fmol nitrophenol min-' Ig protein-'.

Effect of TGFJ3, on sedimentable (ACV) NTPPHase. Reac-
tivity against anti-SNTP was easily detectable in Western blots
using a 1% SDS extract of conditioned media pellets prepared
from chondrocytes exposed to 10 nM TGF,61 (Fig. 3, lane 1).
The electroeluted 127-kD protein (positive control) is shown
in Fig. 3, lane 4. A conditioned media pellet from cells without
added TGFP3 is shown in Fig. 3, lane 2. Sedimentable
NTPPHase activity using TMPNPas substrate was increased
three- to sevenfold by TGFPQ.

Discussion

The ectoNTPPHase associated with ACVappears to be a unique
protein based on its NH2-terminal amino acid sequence, its ki-
netic parameters, and the failure of a highly purified specific
antibody raised against it to recognize PC-1, an NTPPHase
ectoenzyme found originally in a plasmacytoma ( 12) and pres-

1 2 3 4 5 6 7 Figure 5. Western blot
20KD using PC-l antibody

_ .116 against pig chondro-
cyte membrane-bound

- 66 NTPPHase. Lane 1, high
molecular weight

.45 marker-PC-l antibody
consistently reacted to

31 1 16-kD /3 galactosidase.
Lanes 2 and 3, fractions
with peak enzyme activ-
ity Mono Q column.

Chromatography showing no reaction. Lane 4, peak enzyme fraction
from gel filtration column chromatography showing a weak 115-kD
band. Lane 5, membrane fraction from chondrocyte homogenate show-
ing a weak 115-kD band. Lane 6, whole pig chondrocyte homogenate
showing a very weak 115- and a 60-kD band were shown. Lane 7, PC-
1 positive control.

1}By
.200 oE

.116.X

0

Figure 6. (a) Western blot showing reaction against two-dimensional
gel separation of electroeluted 127-kD protein. The smudge above the
127-kD protein is an artefact. (b) A single protein was stained by India
ink. The elongated pattern shows charge heterogeneity.

ent in many cell types in many species (29-31). Antibody to
the ACV enzyme recognized both soluble and sedimentable
proteins in human synovial fluid and in vesicles derived from
porcine articular cartilage conditioned media. Synovial fluid
appears to resemble conditioned medium from cartilage organ
culture in its content of both soluble and ACVassociated (sedi-
mentable) enzyme.

Ali (32) first demonstrated vesicles in degenerating human
cartilage and showed that some of them were associated with
apatite mineral. Gordon et al. (33) correlated cartilage calcifi-
cation with the degree of severity of osteoarthritis, and we also
found a correlation between the content of basic calcium phos-
phate (BCP) mineral in synovial fluid (carbonate-apatite and
octacalcium phosphate) and the degree of radiologic degenera-
tive change (34, 35). The release of the 127-kD NTPPHase
may be a marker for increased vesicle formation by chondro-
cytes. The 127-kD enzyme appears to undergo proteolytic deg-
radation in synovial fluid and, to a lesser extent, in cartilage
organ culture conditioned medium. The precise role and relative
importance of vesicle-associated ectoNTPPHase, of PC-i, and
possibly of other ectoenzymes in the metabolism of extracellular
ATP (6) remains to be defined. ATP-enhanced in vitro mineral-
ization has been demonstrated in matrix vesicles from growth
plate cartilage (8). The product mineral was largely dependent
on generation of PP, from ATP. This same mineral may be
pathologic when present in fluids from degenerated joints. BCP
crystals stimulate synovial cell proliferation as well as synthesis
and secretion of matrix-degrading neutral proteases (36, 37).
In isolated ACV from adult osteoarthritic human and normal
porcine cartilage, NTPPHase was needed for generation of
CPPDcrystals (10). ATP-induced CPPDcrystal formation by
ACV was abolished by incubation with pyrophosphatase and
was inhibited by substitution of ATP analogues that could not
be degraded to PP1, indicating that generation of PPi from ATP
was necessary. WhenATPwas added to porcine cartilage organ
cultures, mineral formed in vesicular structures adjacent to
chondrocytes (11). ACVcontaining NTPPHase are present in
all adult articular cartilages. Further study of ACV-associated
NTPPHasemay offer new insights into the mechanism of patho-
logic BCPand CPPDmineral formation.
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