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Fig.1 (A) Separation of TRACPs by heparin column (5ml) chromatography. The
bound TRACPs were eluted with a NaCl linear gradient from 0.1M to 1.05 M
(square) and fractionated 2.5 ml each. The activity of eluted TRACPs was
assayed with (circle) and without (triangle) 45 mM of sodium fluoride. (B)
Separation of TRACPs by heparin column (1ml) chromatography. Every

fraction was 200 ul.
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Fig. 2 The elution profile of the cord serum containing hemolysate. The activity of
TRACPs was assayed with (circle) and without (triangle) 45 mM sodium
fluoride.
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Fig. 3 The elution profiles of the cord, child and adult serum on heparin column. An
8 -ml volume of each serum was applied to the heparin column. Unbound
TRACPs were fractionated 5 ml each from fractions 1 to 10. After washing the
column, TRACPs were fractionated 2.5 ml each from fractions 11 to 34. Filled
circle, triangle, square and open circle show children (average age was 7.4
years), cord serum, male (age was 40 years), and male (age was 52 years),
respectively.
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Fig. 4 Electrophoretic analysis of cord serum TRACP
separated on the heparin column. The left lane
corresponds to peak I of the heparin column
chromatography. The center lane corresponds to
peak I and the right lane to peak II.

%5, TRACPHEMOY -2 1, ¥—2MERUfEICYE
=7 HHE L7 (Fig. 8).
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Fig. 5 The effect of pH on acid phosphatase activity. The enzymes in the cord serum
separated on the heparin column were assayed at different pH values of 100 mM
citrate buffer as mentioned in experimental. The each top peak fraction [peak
I (square), peak II (circle), peak I (triangle)] separated was analyzed for
its activity. (The maximum of each activity was shown as 100 %.)
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Fig. 6 TRACP activity in the sera from patients undergoing hemodialysis. The figure
shows the elution profiles on heparin column of hemodialysis sera [4 females,
age was 28 years of age (diamond), 45years (filled circle), 49 years (square)
and 59 years (triangle) and normal adult (age was 51 years) serum (open

circle)].

BENSE, BOYEF) YV IIPERBFEZICBNTY
— 7 MidE <, F£EETHEY. Fig 3128V CT/NEl
BEOE— M-I LYVENIEERLTVS, &
DESICHRADBERELEZANRY Y h T AETIIREIC
TRACP5b & TRACPSaz B35 & TES. LA

b1mlen) HBEMNDBOMBEBCTSHTEX S LW F
EhdH 5. TRACPO Y — 7 IIZHEHIM % B C/hRE
BACBWTIZIZ—ETHo7. BTRACPIEHHIZ/NE
CBVWTOARABRIN—H—& LTHWSZ LA W%
7223 @ H/NBILEIC BV T3 TRACP G



31(1)  (2004) AR U H T AT X B MiER O TRACP 547 51
6
a
N
2
>
»
>
3
0
®
o
(6]
<
1 d
[
i 21 41 61 81 101
Fraction number
Fig. 7 The elution profiles of cord serum on 1ml of heparin column. The activity of
TRACPs was assayed with (circle) or without (triangle) 5 mM EDTA. Every
fraction was 200 zl.
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Fig. 8 The elution profiles of cord serum on heparin column. Circles and triangles

show TRACP activity and tartrate resistant ATPase activity, respectively.
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WETE2EMEL. TRACP5b & # TRACP

(TFRACP%# K<) EIZBVHHB%ERL:. LA LAA
5, TRACP5b & l# L THTRACPZ 10 U/L L. EDiE
BEEATVBIZL22LOT, HOIEFREED
TRACP % ER L 7. AR YA FAIZBVTEREED
7523 aviI30ony A TOBKAT 7 ¥ —EHNELE
TAHNEML DD, BABRRSUHEBRKIR7 75 —H,
TRACP % L CTTFRACP T& %. TFRACP I3 TRACP & [t
BLTL: 5B R. BRAAT7 75 —¥L



5 i

TRACP L 23 IZRISORETHL. TOTEITLYRE
Wi D ¥ — 27 [ IHRMERER D TRACP 7217 T4 £, 1IHh
DTRACP b EATWAHREMSH 5. HIMIC & 544K
MiERe L’C%%TRACP N 5. FADOAINNY ¥
T AEICE A TIERFig 2 TRLA LD ICEMIC X
IR %ﬁéﬂtu\

TRACPIEM DI BV TANRY v iamiz i/
FRELTWEZWVWEW) ZEE2ERLDERIRL T
A, B 5AN) VIETRACPICH A L TR
TRACPIHME 2 FAET A4 5 TH 5. TRACP5b DA/
Urh I a~OREIZpH 72128 W TTRACPS5a & b 5
¢, TRACPSbiEHEIZ A~ Y)Y ¥ (BREIE25 U/ml) 12
FoTHI0BHEESNS., FrDEEBETIIp-NPP (pH
5.5) % TRACP®#/% & LT L7:. Nakanishi 5%
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(2 M ER R /MR D TRACP 2 TFRACP # FHE T 5 Z L %
ALTWwA, BILEBEVWHEREEL b -7 TRACP L
TrATPase #» 5 L EbNTE 1Y, SEFE L H
TrATPase iEM #llIE L7 & 2 5, TRACPIEM & F Uz
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Analysis of Tartrate-resistant acid Phosphatase (TRACP) in Human Serum Using Heparin Column. :
Novel Analytical Method of TRACP from the Osteoclast as a Bone Resorption Marker in Serum

Samon Shimizu and Yoshihiko Igarashi

Department of Biochemistry, Dokkyo University School of Medicine, Mibu, Tochigi, 321 - 0293 Japan

Background and Aim : Mature osteoclasts are multinucleat-
ed giant cells that possess high levels of tartrate - resistant acid
phosphatase (TRACP). The objective of our present study is
to develop a column chromatographic method that separates
isoforms of TRACP5a and 5b in human serum. TRACP5b is
considered to be derived from the osteoclast. Since no simple
chromatographic method of measuring osteoclast - specific
TRACP has been established, attempts were made to measure
specifically TRACP isozymes in human serum using a heparin
column.

Methods : The serum was dialyzed against 20 mM Tris -
HCI, 0.1 M NaCl, pH 7.2. After filtration, the sample was
applied to a heparin column. The column was eluted with a lin-
ear gradient of sodium chloride from 0.1 to 1.05 M. TRACP
activity was assayed with a colorimetric method. The final sub-
strate concentration of p - nitrophenyl phosphate in the assay
medium was 50 mM. The activity was measured in the pres-
ence of 40 mM sodium (+) tartrate with or without 45 mM

sodium fluoride in 100mM citrate buffer, pH 5.5.

Results and Conclusion : Heparin column -bound TRACP
in a human serum was clearly divided into three peaks when
eluted with a linear gradient of sodium chloride. The last peak
(peak ) corresponded to TRACP5b which was first named
according to its electrophoretic mobility by Lau et al and was
considered to be secreted mainly from the osteoclast. The sec-
ond peak (peak II) was found to be TRACP5a. Acid poly-
acrylamide gel electrophoresis showed that both peaks I and
Il corresponded to TRACP5b and the peak II to TRACP5a.
Our method was not affected by hemolysis. In the sera of
patients undergoing hemodialysis, the activity of TRACP5b
was increased markedly. Our chromatographic method to sep-

arate TRACP5b can be useful to evaluate bone resorption.

Key Words : bone metabolism, osteoclast, heparin column,
TRACP, TrATPase



