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The peroxisome proliferator-activated receptor vy
(PPARY) protein as well as its transcript was detected
in primary osteoblasts derived from rat calvariae. To
analyze the possible involvement of PPARy in the hu-
man bone metabolism, association between bone min-
eral density (BMD) and a polymorphism of PPARy
gene was investigated in Japanese postmenopausal
women. We examined a polymorphism corresponding
to a silent C — T transition located in exon 6 of the
PPARYy gene, that was previously reported to be asso-
ciated with plasma leptin levels in the obese. The fre-
quencies of the C and T alleles in the population stud-
ied here were 0.851 and 0.149, respectively. When we
separated the subjects into two groups, one bearing at
least one T allele (CT + TT) and the other which did
not (CC), the former subjects had lower BMD (Z score
of total body; 0.056 + 1.00. L2-4; —0.25 = 1.26, mean =+
standard deviation). These data suggest that there is
an association between the restriction fragment
length polymorphism (RFLP) of PPARy gene and BMD
and the possible involvement of this single nucleotide
polymorphism (SNP) in the cause of postmenopausal

osteoporosis in Japanese women. © 1999 Academic Press

Peroxisome proliferator-activated receptor y (PPARY),
a member of the nuclear receptor superfamily of
ligand-dependent transcription factors that is ex-
pressed predominantly in adipose tissue (1, 2) and the
immune system (3), controls adipocyte differentiation
and regulates glucose and lipid homeostasis (4, 5). Cu-
mulative evidence indicates that osteoblasts and adi-
pocytes share a common mesenchymal precursor (6, 7).
PPARy mRNA is expressed in some cells derived from
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osteosarcoma such as MG63 and Sa0S-2, and its
MRNA expression is significantly increased during the
switch from osteoblastic lineage to adipocytic lineage
in response to treatment with several PPARYy activa-
tors (8).

Osteoporosis is characterized by low bone mineral
density (BMD) and by microarchitectural deterioration
of bone tissue with a consequent increase in bone fra-
gility and susceptibility to fracture (9, 10). The most
important predictor of fracture is BMD, which is deter-
mined by genetic as well as environmental factors.
Importance of genetic factors has been well supported
from twin (11-13) and family studies (14, 15). People
having genetic risk factors are considered more suscep-
tible to life-style factors. Therefore, it is required to
clarify these genetic risk factors for diagnosis, preven-
tion, and early effective treatment of osteoporosis. In
addition, if the relevant genes were identified, the
pathogenesis of osteoporosis would be explained by the
variation of those genes or the loci adjacent to those
genes.

Since the association of vitamin D receptor (VDR)
genotype and BMD was reported (16), several genes
have been investigated as genetic risk factors (17).
These include estrogen receptor (ER) gene polymor-
phism (18, 19), collagen type lal (COLIAL) gene poly-
morphism (20) and parathyroid hormone (PTH) gene
polymorphism (21). It is a matter of concern that the
panel of candidate genes should be expanded to eluci-
date the whole mechanism of the genetic aspect of
osteoporosis, considering the polygenic nature of BMD
distribution and many endocrinological factors known
to regulate bone mass and bone turnover.

In the present study, we have chosen PPARYy gene as
a candidate gene for a genetic marker of osteoporosis.
We examined the expression of PPARy gene in primary
osteoblasts and investigated the association between a
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Expression of PPARy in primary osteoblasts. (A) Detection of rat PPARy in poly(A) "RNA from rat primary osteoblasts by RT-PCR

with specific primers for PPARy. There was no band in the sample without reverse transcriptase (RT) (lane 2) or template RNA (lane 3). A
single band with predicted size (578 bp, indicated by an arrow) was detected in the lane with RT (lane 4). Lane 1 shows the molecular weight
marker. (B) Immunoblot analysis of PPARy. Twenty ug of MCF-7 cell and ROB extracts were resolved by SDS—polyacrylamide gel-
electrophoresis, transferred to nitrocellulose filter and blots were probed with an anti-PPARy antibody.

PPARvy gene polymorphism and BMD in postmeno-
pausal Japanese women.

MATERIALS AND METHODS

Subjects. Genotype analysis was done using the samples ob-
tained from 404 healthy postmenopausal Japanese women (ages
46-91 years, mean age *= S.D.; 66.3 = 9.3 years) living in Nagano
prefecture. Exclusion criteria included endocrinological disorders
(such as hyperthyroidism, hyperparathyroidism, diabetes mellitus),
liver disease, renal disease, use of medications that were known to
affect bone metabolism (such as corticosteroids, anticonvulsants,
heparin), or unusual gynecological history. All were non-related
volunteers and we obtained informed consent from them before
the study.

Cell culture. Rat primary osteoblasts were isolated by three se-
quential enzymatic digestions as described previously (22, 23).
Briefly, calvariae of 21-day-old rat embryo were incubated at room
temperature for 20 min with gentle shaking in an enzyme solution
containing 0.1% collagenase, 0.05% trypsin, and 4 mM EDTA in
phosphate-buffered saline (PBS(—)). Only the cells released from the
fourth to sixth consecutive digests were cultured separately in
a-modified minimum essential medium (e-MEM) supplemented with
10% fetal calf serum (FCS) and with antibiotics (100 pg/ml of strep-
tomycin and 100 1U/ml of penicillin G) and the cells from the second
passage were used for experimental determinations. Whole cell ex-
tracts were prepared by freeze-thawing and diluted in 100 ul of TEG
buffer (10 mM Tris, pH 7.5, 1.5 mM EDTA, 10% glycerol).

Reverse-transcription PCR (RT-PCR). Poly(A)"RNA was pre-
pared from rat primary osteoblasts as described elsewhere (24).
cDNA was synthesized from 0.1 ug of rat poly(A)"RNA of primary
osteoblasts using random 9 mers and AMV reverse transcriptase
(Takara, Kyoto, Japan). Subsequent PCR amplification was carried
out by the RNA PCR kit (Takara, Kyoto, Japan) for 30 cycles using
an annealing temperature of 55°C in a Perkin—Elmer thermalcycler
(Perkin—Elmer Cetus, Norwalk, CT). The oligonucleotides, 5’-GCC-
AGTTTCGATCCGTGGAA-3' and 5'-ATACAAGTCCTTGTAGATCT-3’
were used for amplification of 578 bp fragment of PPARy mRNA
(accession number:AB011365). Amplified PCR products from rat pri-

mary osteoblasts were enzymatically confirmed by digestion with Pst
| followed by gel-electrophoresis.

Western blot analysis. Whole cell extracts were fractionated on
7.5% polyacrylamide SDS gels under reducing conditions. Twenty ug
of proteins were then subjected to Western blot analysis using a
monoclonal anti-PPAR+y antibody which cross-reacts with human,
rat and mouse PPARYy (Santa Cruz, CA) as described (23).

Measurement of bone mineral density (BMD) and biochemical
markers. Lumber spine BMD and total body BMD (BMD in g/cm?)
of each participant were measured by dual-energy X-ray absorpti-
ometry using fast scan mode (DPX-L, Lunar Co., Madison, WI). The
following biochemical parameters were measured; serum concentra-
tion of calcium (Ca), phosphate (P), alkaline phosphatase (AL-P),
serum intact-osteocalcin (I-OC, ELISA, Teijin, Tokyo, Japan), serum
1,25(0H)2D3, parathyroid hormone (PTH) and calcitonin (CT).
Calcium/creatinine ratio, phosphate/creatinine ratio, pyridinoline
(Pyr, HPLC method) and deoxypyridinoline (Dpyr, HPLC method) in
urine were also measured. Z score was used to analyze the data of
BMD, which is a deviation from the weight-adjusted average BMD of
each age. Z scores were calculated using the installed software of
Lunar DPX-L based on 20,000 Japanese women’s data.

Polymerase chain reaction-restriction fragment length polymor-
phism (PCR-RFLP). PCR-RFLP was performed as previously de-
scribed (19). PCR was performed using oligonucleotide primers de-
signed to amplify part of exon 6 of the PPARy gene. The reaction was
carried out in a final volume of 25 ul containing 100 ng of genomic
DNA obtained from peripheral white blood cells, 10 pmol of each
primer (primer 1: 5-GCCCAGGTTTGCTGAATG-3', primer 2: 5'-TGA-
AGACTCATGTCTCTC-3’), 200 mM dNTP, 10 mM Tris—HCI (pH
8.3), 50 mM KClI, 1.5 mM MgCl,, 0.001% gelatin and 0.1U Tag DNA
polymerase (Takara, Kyoto, Japan). Thirty PCR cycles (each for 30 s
at 94°C, 30 s at 61°C, and 30 s at 72°C) were performed. PCR product
was electrophoresed in a 2% agarose gel to verify the reaction. After
amplification, the PCR product was digested with Pml | and electro-
phoresed in a 3.0% agarose gel. The polymorphic Pml | site was
detected in this 208 bp fragment.

Statistical analysis. Comparisons of BMD by Z scores and bio-
chemical markers between the group of individuals possessing one or
two alleles of the genotype and the group without that genotype were
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FIG. 2. Electrophoresis results of the PCR screening for polymor-
phism in PPARy. PCR amplification of DNA followed by Pml I
digestion was described in ‘Materials and Methods'. When applied to
a recombinant DNA sample, a single 208 bp product was derived
from T/T homozygotes (lane 4); 208, 158, and 50 bp products were
derived from C/T heterozygotes (lane 3); and 158 and 50 bp products
were derived from C/C homozygotes (lane 2). Lane 1 shows the
molecular weight marker.

performed using non parametrical analysis (Student's t-test,
StatView-J 4.5). A P value less than 0.05 was considered statistically
significant.

RESULTS

Expression of PPARvy in primary osteoblasts derived
from rat calvariae was shown by RT-PCR with specific
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primers for PPARy (Fig. 1A). There was no band in the
sample without reverse transcriptase (lane 2) or tem-
plate RNA (lane 3). A single band with the predicted
size (578 bp, indicated by an arrow) was detected in the
lane with reverse transcriptase (lane 4). Endogenous
PPARYy protein was also detected in rat primary osteo-
blasts (ROB) (Fig. 1B, lane 2). The size of the band
corresponded to that of the band detected in MCF-7
cells (lane 1).

The CT transition located in exon 6 of the PPARYy
gene was detected in Japanese women by the PCR-
RFLP method (Fig. 2). As predicted, digestion of the
208 bp PCR product with Pml | produced three distinct
patterns. A single 208 bp product was derived from T/T
homozygotes (lane 4); 208, 158, and 50 bp products
were derived from C/T heterozygotes (lane 3); and 158
and 50 bp products were derived from C/C homozygotes
(lane 2).

In the 404 healthy postmenopausal volunteers who
were not taking any medication, 291 C/C homozygotes,
106 C/T heterozygotes and 7 T/T homozygotes were
detected. Allelic frequencies were 0.851 for the wild-
type C allele and 0.149 for the rare T allele in Japanese
postmenopausal women. Because there was only 7 T/T
homozygotes, these subjects were included in C/T het-
erozygotes for all association studies.

We compared Z scores of BMD of lumbar and total
body between the subjects bearing at least one T allele
(CIT+TI/T) and subjects without the T allele (C/C).
Comparison of the Z scores of the lumber BMD be-
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FIG. 3. The Z score values of lumbar and total body BMD in the groups with each genotype of PPARy RFLP. (A) Z score value of lumber
BMD is shown as the solid circle for genotype C/C and as the open circle for genotype CT + TT. Values are expressed as mean = S.D. Number
of subjects in parentheses. (B) Z score values of total body BMD as shown in the same manner as (A).
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TABLE 1

Comparison of Background and Biochemical Data of the
Subjects between the Two Groups of Genotypes

Genotype
Items Cc/C CIT+TIT p value
Number of subjects 281 113 —
Age (years) 64.7 (9.7) 64.9 (9.5) n.s.
Height (cm) 150.0 (6.4) 150.8 (5.9) n.s.
Body weight (kg) 50.6 (8.1) 51.4 (7.9) n.s.
Years since menopause 15.3 (9.9) 15.9 (9.4) n.s.
Lumber spine BMD —0.076 (1.42) —0.25 (1.26) n.s.
(Z score)
Total body BMD 0.29 (0.95) 0.056 (1.00) 0.044
(Z score)
Ca (mg/dl) 9.13 (0.39) 9.12 (0.42) n.s.
P (mg/dl) 3.52 (0.45) 3.47 (0.43) n.s.
AL-P (1U/1) 177.3 (57.2) 170.1 (43.5) n.s.
1-OC (ng/ml) 7.47 (3.52) 8.1 (4.71) n.s.
Pyr (pmol/umol of Cr) 33.7 (11.3) 34.7 (10.4) n.s.
Dpyr (pmol/umol of Cr) 7.43 (2.77) 7.34 (2.15) n.s.
intact PTH (pg/ml) 37.4 (13.7) 34.5(13.3) n.s.
CT (pg/ml) 22.9 (9.9) 23.2(9.3) n.s.
1,25-(OH),D; (pg/ml) 33.7 (12.5) 33.6 (11.0) n.s.
TC (mg/dl) 197.8 (34.6) 195.2 (33.6) n.s.
TG (mg/dl) 150.6 (89.1) 144.5 (78.0) n.s.
%FAT 32.0(7.9) 32.6 (8.2) n.s.
BMI 22.5(3.4) 22.6 (3.2) n.s.

Note. Statistical analysis was done according to the method de-
scribed in the text. Mean (*=SD).

tween those with and without T allele showed a
slightly higher average value, but its difference was
not statistically significant (Fig. 3A). In contrast, Z
scores of the total body BMD in C/C homozygote group
was significantly higher than the other group (Fig. 3B).
As shown in Table 1, there is no difference in the
background data: values of mean age, height, weight,
years since menopause, and biochemical markers
(AL-P, I-OC, Pyr, and Dpyr) of each group. Thus, there
was no statistically significant association between the
C/T exon 6 PPARYy polymorphism and the other sub-
ject's profiles.

DISCUSSION

In the present study, endogenous expression of
PPAR+y was clearly demonstrated in primary osteo-
blasts, suggesting some roles of PPARy in the bone
metabolism. The rat and human predicted PPARy pro-
teins consist of 475 and 474 amino acids, with a calcu-
lated relative molecular mass (Mr) of 54.5 kDa and
54.3 kDa, respectively (25). Western blotting detected
the band in rat osteoblasts of which the size corre-
sponded to predicted Mr of the rat PPARy. The immu-
noreactive band in MCF-7 cells (26) was also detected,
confirming the specificity of the antibody used here. In
addition to the induction of the differentiation of pre-

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

adipocytes into adipose tissues, the ligands for PPARvy,
such as prostaglandin J2, fatty acids and synthetic
ligands (27-29), might modulate the osteoblast differ-
entiation and/or switch from osteoblastic lineage to
adipocytic lineage, via the receptor expressed in osteo-
blasts. The function of PPARvy in vivo is recently fo-
cused on the pathogenesis of atherosclerosis and on
monocyte/macrophage differentiation (30-33). More
functional studies should be required in diverse target
tissues including the skeletal systems at physiological
and pathophysiologocal conditions.

This study is the first to investigate the influence of
a polymorphism of the PPAR+y gene on the bone min-
eral property. Allele frequency of the C — T substitu-
tion in exon 6 of the PPARYy gene in Japanese post-
menopausal women was in Hardy-Weinberg equilib-
rium and similar to the northern French population
(34). We demonstrated that the Japanese postmeno-
pausal women who had one or two allele(s) of a silent
C — T transition showed lower total body BMD. Lower
BMD in postmenopausal women can be considered as a
result of abnormally rapid bone loss and/or lower peak
bone mass (bone mass of the young adult). The data
presented here showed no association between the
bone metabolic markers and PPARy gene polymor-
phism. This suggests that the effects of this locus on
BMD may be related to the bone metabolism in earlier
period of life, for example in the growing phase. Stud-
ies in different age groups could help understanding
the mechanism of PPARYy gene effects.

Although it is still unclear how BMD is affected by
this seemingly silent single nucleotide polymorphism
(SNP) as revealed by an RFLP of the PPARYy gene, two
hypotheses could be proposed. (i) These silent polymor-
phism may be linked with other exon mutation and
contribute to the change of the PPARYy protein function
or may be linked with mutation of other regulatory
elements affecting the levels of expression through
transcriptional regulation. (ii) The polymorphism in
the PPARYy gene may be linked with mutation of an-
other unidentified gene adjacent to the PPARy gene
which causes low BMD directly or indirectly.

It is reported that the C — T transition in exon 6 of
the PPARvy gene is associated with plasma leptin levels
in obese French subjects, suggesting that the polymor-
phism may influence the relationship between leptin
concentration and adipose tissue mass in the obese
(34). In practice, obese CT + TT subjects (BMI > 30
kg/m?) had higher plasma leptin levels than C/C sub-
jects. On the other hand, no statistically significant
difference was found in the non-obese group. Leptin is
recently reported to act on bone marrow stromal cells
to enhance osteoblastic differentiation and to inhibit
adipocytic differentiation (7). Moreover, recent genetic
studies revealed that the several mutations in PPARYy
gene may be involved in obesity (35) and insulin insen-
sitivity (36, 37). It is possible that the mutation of the
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PPARvy gene also modify the bone mineral property.
For example, PPARv gene variations might be involved
in dysfunction of osteoblasts, leading to the decreased
bone mineral property. Further studies are required to
clarify the role of PPARYy in the bone metabolism.

ACKNOWLEDGMENTS

We thank Ms. Kobayashi for technical assistance. This work was
partly supported by Funds for comprehensive Research on Aging and
Health, “Gakujutsu-Frontier” program, the Ministry of Health and
Welfare of Japan, and the CREST (Core Research for Evolutional
Science and Technology) of Japan Science and Technology Corpora-

tion (JST).

REFERENCES

1. Tontonoz, P., Hu, E., and Spiegelman, B. M. (1994) Cell 79,
1147-1156.

2. Tontonoz, P., Hu, E., Graves, R. A., Budavari, A. l., and
Spiegelman, B. M. (1994) Genes Dev. 8, 1224-1234.

3. Braissant, O., Foufelle, F., Scotto, C., Dauca, M., and Wahli, W.
(1996) Endocrinology 137, 354-366.

4. Auwerx, J., Martin, G., Guerre-Millo, M., and Staels, B. (1996) J.
Mol. Med. 74, 347-352.

5. Spiegelman, B. M., and Flier, J. S. (1996) Cell 87, 377-389.

6. Nuttall, M. E., Patton, A. J., Olivera, D. L., Nadeau, D. P., and
Gowen, M. (1998) J. Bone Miner. Res. 13, 371-382.

7. Thomas, T., Gori, F., Khosla, S., Jensen, M. D., Burguera, B., and
Riggs, B. L. (1999) Endocrinology 140, 1630-1638.

8. Diascro, D. D., Jr., Vogel, R. L., Johnson, T. E., Witherup, K. M.,
Pitzenberger, S. M., Rutledge, S. J., Prescott, D. J., Rodan, G. A,,
and Schmidt, A. (1998) J. Bone Miner. Res. 13, 96-106.

9. Consensus Development Conference (1993) Am. J. Med. 94, 646-
650.

10. Kanis, J. A., Melton, L. J. r., Christiansen, C., Johnston, C. C.,
and Khaltaev, N. (1994) J. Bone Miner. Res. 9, 1137-1141.

11. Pocock, N. A., Eisman, J. A., Hopper, J. L., Yeates, M. G.,
Sambrook, P. N., and Eberl, S. (1987) J. Clin. Invest. 80, 706-
710.

12. Slemenda, C. W., Christian, J. C., Williams, C. J., Norton, J. A,
and Johnston, C. C., Jr. (1991) J. Bone Miner. Res. 6, 561-567.

13. Kelly, P. J., Nguyen, T., Hopper, J., Pocock, N., Sambrook, P.,
and Eisman, J. (1993) J. Bone Miner. Res. 8, 11-17.

14. Seeman, E., Hopper, J. L., Bach, L. A., Cooper, M. E., Parkinson,
E., McKay, J., and Jerums, G. (1989) N. Engl. J. Med. 320,
554-558.

15. Krall, E. A., and Dawson-Hughes, B. (1993) J. Bone Miner. Res.
8, 1-9.

16. Morrison, N. A., Qi, J. C., Tokita, A., Kelly, P. J., Crofts, L.,

Nguyen, T. V., Sambrook, P. N., and Eisman, J. A. (1994) Nature
367, 284-287.

17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

126

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

. Nelson, D. A., and Kleerekoper, M. (1997) J. Clin. Endocrinol.
Metab. 82, 989-990.

Sano, M., Inoue, S., Hosoi, T., Ouchi, Y., Emi, M., Shiraki, M.,
and Orimo, H. (1995) Biochem. Biophys. Res. Commun. 217,
378-383.

Kobayashi, S., Inoue, S., Hosoi, T., Ouchi, Y., Shiraki, M., and
Orimo, H. (1996) J. Bone Miner. Res. 11, 306-311.
Uitterlinden, A. G., Burger, H., Huang, Q., Yue, F., McGuigan,
F. E., Grant, S. F., Hofman, A, van Leeuwen, J. P., Pols, H. A.,
and Ralston, S. H. (1998) N. Engl. J. Med. 338, 1016-1021.
Hosoi, T., Miyao, M., Inoue, S., Hoshino, S., Shiraki, M., Orimo,
H., and Ouchi, Y. (1999) Calcif. Tissue Int. 64, 205-208.
Bellows, C. G., Aubin, J. E., Heersche, J. N., and Antosz, M. E.
(1986) Calcif. Tissue Int. 38, 143-154.

Urano, T., Yashiroda, H., Muraoka, M., Tanaka, K., Hosoi, T.,
Inoue, S., Ouchi, Y., and Toyoshima, H. (1999) J. Biol. Chem.
274, 12197-12200.

Watanabe, T., Inoue, S., Ogawa, S., Ishii, Y., Hiroi, H., Ikeda, K.,
Orimo, A., and Muramatsu, M. (1997) Biochem. Biophys. Res.
Commun. 236, 140-145.

Okazawa, H., Mori, H., Tamori, Y., Araki, S., Niki, T., Masugi, J.,
Kawanishi, M., Kubota, T., Shinoda, H., and Kasuga, M. (1997)
Diabetes 46, 1904-1906.

Elstner, E., Muller, C., Koshizuka, K., Williamson, E. A., Park,
D., Asou, H., Shintaku, P., Said, J. W., Heber, D., and Koeffler,
H. P. (1998) Proc Natl. Acad. Sci. USA 95, 8806—8811.

Amri, E. Z., Ailhaud, G., and Grimaldi, P. A. (1994) J. Lipid Res.
35, 930-937.

Kliewer, S. A., Lenhard, J. M., Willson, T. M., Patel, I., Morris,
D. C., and Lehmann, J. M. (1995) Cell 83, 813—-819.

Forman, B. M., Tontonoz, P., Chen, J., Brun, R. P., Spiegelman,
B. M., and Evans, R. M. (1995) Cell 83, 803-812.

Nagy, L., Tontonoz, P., Alvarez, J. G., Chen, H., and Evans, R. M.
(1998) Cell 93, 229-240.

Tontonoz, P., Nagy, L., Alvarez, J. G., Thomazy, V. A., and
Evans, R. M. (1998) Cell 93, 241-252.

Ricote, M., Li, A. C., Willson, T. M., Kelly, C. J., and Glass, C. K.
(1998) Nature 391, 79-82.

lijima, K., Yoshizumi, M., Ako, J., Eto, M., Kim, S., Hashimoto,
M., Sugimoto, N., Liang, Y. Q., Sudoh, N., Toba, K., and Ouchi,
Y. (1998) Biochem. Biophys. Res. Commun. 247, 353-356.
Meirhaeghe, A., Fajas, L., Helbecque, N., Cottel, D., Lebel, P.,
Dallongeville, J., Deeb, S., Auwerx, J., and Amouyel, P. (1998)
Hum. Mol. Genet. 7, 435-440.

Ristow, M., Muller-Wieland, D., Pfeiffer, A., Krone, W., and
Kahn, C. R. (1998) N. Engl. J. Med. 339, 953-959.

Yen, C. J., Beamer, B. A., Negri, C., Silver, K., Brown, K. A.,
Yarnall, D. P., Burns, D. K., Roth, J., and Shuldiner, A. R. (1997)
Biochem. Biophys. Res. Commun. 241, 270-274.

Mori, Y., Kim-Motoyama, H., Katakura, T., Yasuda, K.,
Kadowaki, H., Beamer, B. A., Shuldiner, A. R., Akanuma, Y.,
Yazaki, Y., and Kadowaki, T. (1998) Biochem. Biophys. Res.
Commun. 251, 195-198.



	FIG.1
	MATERIALS AND METHODS
	FIG.2

	RESULTS
	FIG. 3
	TABLE 1

	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

