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 Abstraet/ We  aifned  te determine  physiological substrate  and  optimal  pH  for bone'type alkalini,

phos])hatase (ALP, EC, 3, L 3. I), BoTie'typeAI,P waspurit'ied  over  9eO'ft)Ifl froni c;Ional  osteoblastic

cells.  rVIC3T3'E1, by but,anul [ r'ent,ine"L,  und  ehron]alvgraphies  ofanion  exchange,  ConA  a  ffini(y

and  gel fiitration. 

'i"hp
 purified  enzyme  shewed  a  sing]e  protejn  band  of  molecuIar  weight  76,OOO on

Sl )S'polyacrylamide  gei ele.ct rop  hnresis. 'rhe

 puri tled enzyme  hyd rc}Iy7.ed  p' nitrophenyl  phc}sl)hate

(pNI]P) an(t  clephosp  horytated tyrosine'phosphorylated  myelin  basic protein  (Tyr'I" MB!'). but not
serine'  and  threoninf.vphosphorylat,ed  MBP,  Both  a(:t iviti("s were  inhjbited  by leva] misole,  an  ,bLI,P

inhibitor, but not  by okadaic  acid  or  clephostatin  (I}rotein phosphatas(h  inhibitors). The  optimal  pII

ranges  for pNPP  and  Tyr'P'MBP  acLivit  ies were  9.,l t,o lO,4 and  8.3 (o 8,7. respectively.  The  ratios

ofactivity  at optimal  pH  lo the  one  at pH  7 were  32.2 and  I.6 for pNPP  and  1ts,rP'MBP. respec/'

tively, 
rfyr'l"MBP

 dephosphory]ation was  eompeted  by  pNE'P.  These  resutts  suggest  that  bt)ne'tM)o

AliP disp]ays tyrosine  phosphatase'Like activlty  :-it neutral  pH  range,  and  this  aetivity  may  play an

important role inphysivlogieal functic)n of bone'tyl)e ALP

Keyword/ alkaline  phosphatEise,pr"tein  tyrosine phosphatase,o$teoblastic  eeli,purifica(ion

                lntroduction

 A!kaline phesphatase$  (ALPs) are  pre$e.nt  in many

mttmmaSian  tissues  and  abundant  in the  cells  assoeiated

with  hard tistiue fomnatioii. Bone's])ec,ifieALP is used  a$

an  ind()x of  cell  different,ia t,ion into osteobla$t  ancl of  the

nct  iviiy of  bone  formnt ion m  ma  ny  srudies  
i'"''.

 It is nlso

uspd  in c]inical chemistry  as a marker  enzyme.  which

refieets  the  dynami(] phase  ofthe  bonc  
`･5',

 Many  c{'fort,s

hriv(i been ma(Ie  t,o det,ermine thc, physiological ftinet.ion$'

of  the  enzymes  present in har(l tissue.  but no  specific

charac{er  ofthe  enzymes  to exp]ain  the  funcrtion ot' hard

uurresl,onding  tv rv'Iino Koeliiktt"'a,I{okkaid" UnGvc,,rsity Gradu'

ate  Scheol ef  Dental Medieine, (Section ofOvthodonticti)  Kit,a 13

Nishi 7, Kita'ku, Sapporo Oee'B5S6. rlapan.  Tk}1,+81 t1 706'4287

Fax/ +gl  ]I T06.4928 Emmil/mino@den.hokudai.ac.jp71

nssuo  has yet been  desertbed. P] ysmlog.ical suhst  rates

and  pH  for ALPs  also  romain  to be deteTmiped.  When

arti"cial  substrtiles,  ft]r example  pNPR  are  used  te "iea'

sure  the Al.P  activities,  alknline  pll. whieh  is far fro'm

physiu]ogical concEitivn,  is up[imai  for the  uccjvity  
'"'.

 A

quest ion arises  here whelher  AI,P ean  work  at aika]ine

pl･{ for physio.Iogicat sL,it)strates,  SAvera( report$  have

$uggested  th{-it ALP  has protein phosphatase'like  activ'

ity "LL'.  but the physiologic:al sub$trate  fi)r ALP  has net

been  established,  VV'e have  inve$tigated the  possibility

that ALP  in the cells assuciated  wiTh  }iard tissue forma'
tion  inight  act  as  protein  phosphatase  at  physiologteal

plI range  and  participate  in the  regulationofcissue  for'

mation.  This is the  {lrsl study  to reperl  that  ,eLJ.!]  of  os'

teobla  stic  cells  ha s  tyrosine  phesphatase'like  ac{  ivit,y at

neul,ralpi'],
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            Materials  and  Method.s

1. Cbll eultu,re

 A  moiise  ctonal  osteob}a$tic  ceH  lirte, MCI3Ti.)-El 
tSi4},

was  donatHd by  Dr, Kodama  (()hu Universit.y) a' nd  Dt:.

Kuboki  (Hokkaido LJniversity). The  celis  were,  seeded  in

the  dishes of  IC)O mm  dia nieter,  nn{l  grown  in n  n'mtni'

mum  ( sy,ent  ial medium  Ca'MEM) $upplement  ec! with  10

%  (vlv) ft tnl bovino sornm  (FBS) (F,IIoffmann'[,a Roehe

Ltd., Basel, Switze.rland) and  kana  rnycin  sulfate  in a 5 "6

C.().'95 Yh air  atmosphere  at  370C., 
rFhe

 iiie{liuni  in each

dish was  ('hanged  every  2 or 3 days ancl the  ce]Is  were

hafirc sted  at  37 days at'ter  confiuen"  idtrfisonicat(.fl  and

then  used  ibr butano! treatmenL

2Butanolti'eatnlent

 The cei)  hoTnogenate was  suspended  in IO mM  tris'HCI

buf'fer (pH 7.4) containing  V,2 mM  MgC'i.. [),VL' mM  ZnSO  ,

and  l mM  phenylrnethylsulft)nylfluoridp (bvl-f'er A), Eind

then  the  $ame  volume  ef  butanol was  added  to the homo''

g(,nat(i and  tbe  mixture  was  agitated  ibr 3 hours at room

letulJeraLut{, Tbe niixLure  was  "  uLtit'uged  a{  12,OOO rpin

for 30 minutes  and  warer  iayer was  recovere,d.  Lt was

con{.'entr}ite(i with  t,he use  ol' C,ent'riprep`30 (Sartorius  AC.l,

C.]oettingen. Germany) and  then  butTer was  changed  to

10 mts{  t.ris'H(;l buffer (pH 7.4) eoiitaining  O.2 mM  Mg(Ll.,

and  O,C}2 mM  ZnSO,  (buft'etr B) by  "sing  tliPrt'･p 26110

(Amershavn Pharmacia  Bioteeh. Uppsala, Swedeti). The

crude  extrac:t,  was  keDt at  40c

butlZ}r C.. and  then  eluted.  with  a  linonr gradient ot' mel  hy!'

u'D'mami.os,ide  (()'1()O mM)  in bufferC, 
rlihe

 active  hactions

were  peoled and  (x)nceirtratect with  Cc-ntris'alt 1 <Cut･off
20,OOG> (Sart,uvius A("i),

3) (}el f'ilt ratien  chromatography

  The  (oncent,rated  nctive  frnetions were  applied  to

Supprdex 2C)O HR  1OJ30 gel filtrr]tic)n chromatography  col'

umn  (1.0x30 f:m) (Amersham  Phnrmacia  Biotoeh> whieh

had  been  t-,quilibrated  with  10 m]VI  tris'HC]  buvair (pll

7.4) c:unlaiiting  O,2 mM  MgCl,,, O.02 mpa1  ZnSC) , and  500

mM  Na(11. (buffer i.)), 1"he c:e]umn  was  elutecl with  the

sarrie  bttt'lhrl ['ract ions with  peak  activiiy  w"re  pooled  and

kept at '80eC until  use,  
rl'he

 mo!eeu!ar  -rei.[rht ot'Al,P  was

e.stimat{  (t by ( luting the  gel filtration stand,a  rTls, i.e, thy'

rog]obuTi]L  ga tnllia  globu]in, uvalbuinin,  inyoglobinand  vi'

tamin  B'12  (Bio ltad. 
'Hercules,

 CA) on  th(i same  condi'

't/ifJll.

4. pA[IZL" h.i'[h'o4.,gis

 pNPI'  hy{trolysig by the  enzyme  fraction was  measured

                    1")

as  degerLbed t)revivus}y                       Nntnely. busit'. t'eac'tioii  tiiix-

ture  conlained  5 ml  ofenzyme  fracTion, 25') pmol  ofcar'

hanate,  12.5  nin)ol  oCsvcrose  and  1 Tnm"I  "i' M'gC ll. in 40{)

Ltl (pH 9,7) and  tlie reactionwas  started  by the  :ad{litio}i oC'

100 pl of 10  mM  pNPP  at 370C
  I'rot[tin eoneentration  was  mea$ured  with  Bio'Ftad DC

protein as$iiy  kit (Bio Rad) using  bovine serum  aibumin

as  standard.

3. thlumn  chrematogT:aph,y

 Co]uinn chroniatography  was  pe,rf'ormed using  FPL(]

systeni  (AJnctr'shan] Pharniacia 13iutc (h),  Put'ificatiofi vf

Al,P was  perrormed  basically aeeording  to the  Enethod
                    /rn

descbribed by 'L"oen  et, a].

1) Anion  excht)nge  column  ehromatography

  Crudo  extract  was  applied  to POROS  50D  eolumn

{t'erSeptivo Biosystemg GmbH,  Wle6badpn. Ge/rmany)

<O.46 × 10 cm)  whieh  httd 1)E en  equilibrttt,ed  with  bufE'er

B. The colunm  was  washed  with  buffer B  until  the  absor'

banee  at  280  nm  returnedtothe  l)asp 1ine. nnd  then  the

eolumn  was  elut,ed with  a  linear gracl ient ot' NaCl  (O'l M)
in buft'er B. 'l]he

 aeiSve  fractions wcre  pooled and  the

bui't'er was  changed  with  the  use  ot' PD  10  column

(Amc rsham  Pharmacia Bioteehl equilibraTed  with  1{.) mM

tris'llC} but't'er (pli 7.4) eonta]ning  1 mM  CaCi,. 1 mM

MnCl,, O.2 mM  MgCl,,, O.{)2 fnM  ZnSO,  and  500  mM  NaCl

(bufftir C),

1') At'fuiity chromatography

 A{rt,ive I'i'acLions wev'e  appgied  to I'{i'Ili'ap Cvn A  celLunn  (O,7
x2.5  cm)  (Amersham Pharmacia  Biotech) which  had been

equilibrnded  with  buruir (;. The aolumn  was  washaci  with72

or. Avtein phosphatase  actiTo't.v

 
fl'yrosine'

 or  se.rinvl'i hrc.cnii i]e'i)hus'pburylated  proteins

weixt pri l)arL Lit btt$k'ra' 11y by the  inet}'iudh  deticrib{)d by 'Ibnks

et  ai. 
'T]

 and  swarup ei ai, 
Li',

 respecTiveiy.  My(  tine basic

prolein (MBP) C'Upstate Biotechnol{)g.y. T.fike Plaeid, NY)

ancl ti}.duced,  (-arbuxymet.hylat(dand  maleyla{ed  lysLizym(i

(RCM']ysuzymo) (Sigma, S',, I.ouis, MO)  wcre  phosphory'

}ated with  lv-"':P] iXTP  c,atalyzed  by Abl protein tyrosine

kimasv (N{'w England Bio]abs TTic, UK). MBP  and  t,ypetUA

histone (Sigrna) were  phosphoryjatecl  with  [v-3':'Pl ArVI'

catalyzpd  bv. cAMP'dpp{  ndent  protein kinasp, a  catalytic

subunit  (Sigma). The  ooneentrations  oft,yros,ine'phospho'

rylat.e{l  MBP  Ciiyr'P'MBP), RCM'lyso'7yme  CVyr'P'RCM'
lysezynie>. serine/threonifie'phosphorylate(I  rvTBP (Ser7

Thr'P'MBP) nnd  histone (Serll"he'P'hist,one) were  5.47.

C}.59. 13.Z5 and  4,95 pM, respeetiveiy.  The  assay  was

bage{/l on  the measurement  of rEilE ase.d  ISL'I)i I)i from la'

be]ed sTuibstrates,  The  eonc;ent,rations  of  t.he various  eom'

ponents' in 40 pl react.ion  mixt,ure  were  1 to 5 pl ofen-

zyine  frac:tioii. 1.25  pmol  ofsucrose.  O, l ninio}  ol' rvTgC}.

and  2,5 pmoi  ot" trjs'acotate  or  earbonate  ofdifTt}rent  pl{

levels. FI'he

 roaction  was  started  l}y t,he addilion  ot' 10 yl

NII-Electronic  
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Ubutvial offihrd  fVSssue aiologJc.

ofphosphorylated  proteins at  300C･. and  then  terminatpd

by  200 pl of  cold  2U  %  trichluroacetic acid  after  approl)ri'

ate  reaction  time.  The mixture  was  vortexed,  p]aced  on

iee for 1O minutes  atid  eent}'ifuged  at 12.000 g fov 5 rnin'

ut(is.
 The radioact,ivity  of  [SL'I'1 Pi r{icnvered  in the  super'

iu'itnnt  wns  counted  with  n 1iqurfl scintillad,ion  eounter.

6  fil)'drobtsis. ofphosphate  cempeunds

  l,"or measurement,  o[' the  hy{tro]ysis of  ATR  P'glycero'
phosphate,  pyridoxal  phesphate  and  pho$phoet,hano}'

amine.  ooneentrations  of  the  components  in 250 pl reacu
tion  mixture.  were  t'ixod as fblaows: 1 to 5 pl ot' enzyme
fraction, 7.5 p  mol  of  sucvose,  O,6 pmo!  of  MgC12and 15
stmol  of  tris'acetate  or  earbonate,  The  reaction  was

started  by the  addition  of50  n]I  ofphosplvate  cempounds

at  37"C, and  was  terminated  by  addition  of  i300 ml  of  12
%  SDS  after  appropriate  reaction  time.  Inerganie phos'
phate  released  by the eiizyme  reactiun  was  measured  cxulo'

rimetrically  acf:ording  to method  of  Chienet et al,iS'. 
tl'he

activity  observed  in the. presence  oflevamisole.  was  sub'

LracLed  rroJn Lhe otie  vviLhvul,  levainisolu ft)r ineasurenierit

of the  activity  catalyzed  by ATgP

2000e,!u
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Z Sbdium  dodeqpzg sttdetepolyaci:yclamide  ge1 electro'

pharesis  (gns'R4Gll)

 SI)S'}IAGE was  performe(t  on  a 7.5 %  (wlv) poiyacryla'
mide  gel over]aicl  with  a  3 %  (wiv) stacking  ge] as  de'
                 IY)
scribed  by Laemmli                   and  the gel was  visuaiized  with

the uge  oi' Plus()ne ProtAin silver  stajning  kit (Amersham
Pharmacia Biot,ech).

Fig. I.uhvomatography
 of  bone't.s pe ,XLP.  The  PORC}S

ehange  ehromatogTaphy  was  performed  as  deseribed in Mate.ri'
als  and  Methods. Fractions were  assfiyed  for pNPP  hvclrolysis
(O>, SertThr'P'MBP (A) and  1tsT'P'MBP dophospEurylAti'on
{e).

o o
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leoo1,!g

 sool..lE}

 600g?･.!E

 400E･no.eM.E
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1. Pui:it7cambn of>{IU'from  osteoblasmb  ced  line. MC1971?'

El. b.y colullin  chromatqgzaph,y

 For charaeterization  of  bone'tM  ]e ALP, clonal  osteobla.R'

tic cells,  MC3T3'E1, were  eulturcd  and  ALP  was  puril"ied
t'rom the ce,ll extract  as  de$cribad in Materiat and  rvfe.th'
t)ds.  During  the puri  fi(:atiun steps  inctuding but,anol {,rent,'
ment.  anion  exchange  ehromat()g-raphy  (Fig, 1), Con A
affinit,y  chromatography  (l,'ig, 2), and  get filt,ration ('hro-

matography  (Fig. 3), A!,I' act,lvities were  monitored  wit,h

{] 5  10Fruction 15 2eo

Fig, 2,'IM)icai elut,ion  proliies ot' the  HiTrap  Con A  atlinitv  chro'

matography
 uf  bone't.ype ALP. Cun A  ftff1'nit.v  uhromatograph.v

wfls  perfoTmed  as. clescrib{td  in Materials ancl  Methods. Ftac-
tions  vL'ere  assayecl  for pNPP  hy{lroiysis (O), SertThr'j"MBP  (
A)  find  Etsrr'P'MBP dephosphorylati'on  (e).

pNP!'  as  a  substrate.  which  is eommonly  used  forALI'
ttssay.  ALP  was  purified over  9C)O'fold from  ceil  extract

(Table 1) and  the eTrzyme  after  gel filtration gave a single
prc}tein band  on  SDS'RAGE  with  sjlver  $ta  ining (Fig, 4),
Appnrent, molecular  weight  ofthe  purified enzyme  esti'

Tabte  1Purificn  tion  of  alkaline  phoshatase  fi'om MC3T3'E1  osteoblastic.  ee}ls

purification step  total  i'!LP ac,t,ivity tota] protoin

                 (pniolh[iin) Qng)
ALI"specifieactivit.y purification vield

((pmoli'niinhngprutein) rntio  %

ceUoxtract

nnion  exehange

ConAacanit･y

gel  filtration

104.6720.901,l.]P,2.3T･720.8912.66

 l.50O.02

O.15

 2.3G

 9,4211n,67

1.0

 16.3

 6,1.9906.S

100.028.613.5L).3

73



The Society of Hard Tissue Biology

NII-Electronic Library Service

TheSociety  ofHardTissueBiology

]oo.py./-:

 150,EF.Epr

 ]ei]-,lt-･;,

 5t)2.?Q

Afino i{oshika"'a et  nl.･  Tvros

          1.5

   a
   .g
   u
   ed   .#i.v

 I
   }
   E･
   

-;,o.s

 lt'
   s
   ?

hinephosphatase'likeactivity

  Tuble  2/ E. ffects vfl ri ous  chemieals  on

  resine'phosphoryiated  "tBl' dephosphpNPP

 hyflro].vsis and  ty'

orvlation,

inhibitor i(.". (mM)

p'iN1'P
rlX-r-I'-MBP

    o  e

     2U 2)' 30 35 4e

                        Fraelion

IJig. 3. T}vieal  elution  profiloi' ofthe  Super[lex 200  IIR  gel fi1'
tratlon  c'hro}niAtograph.y  of  hone'typc  ,X.LP.  (:ei fr/]tration ehro'

mntogrHt}hy  "'as  performed  as  described in rviateri ais  and  Meth'
ocls.  Fractions v{erc  assayed  for "iNPP  h;drolysis  (O), ScrYThr'
l"MBP  (A) and  

't'yr'P'MBP
 dephosphovytation (e), 

'l'he
 get

flltvnt]'oi] (･ulunin  "'tts  fitan(lardized  -iilt  th.v']'oglebulin,  gati"uid

glubulin. ov  u]bu!nin,  myoglobin  and  vitamin  B'12. The inolecu'

1,n' weight  of  .tLP was  estimate{i  b.v the  lug tsir ys.  Kav plot,

tevalllisote

okadn]eactd

dephostatin

so[liuni  nietnvnnadnt.e

L'hoinoarginie

  O..4t･)

  n.l.

  n.i.<

 O.Ol

 15

 O.2to

 n.i.

 n,i.<o,oi>20

mated  from  gel fijtration was  78.0'OO and  
't6.000

 from

Sl)S'PA(liE. For the  optimal  pH  tbrpN]''P hydroJysi$.

activities  after  anion  exchange.  Cen  A  affinity  and  gel

fJ]' ]1 ration  chromatographies  werp  measure,d  at  diva}rent

p}{ values  C]･lg. ,"･,), The optimaE  1)l{ {'ur pNPP  hydrolysis

was  decided to t}e around  9.4 to 1().4 tic)r a]L  samples.

.V. flrotei'n pbosphatase  
'Eke

 aetiv]'t,p' of'MC3Z!P'EI  eells

during' ptirntcp. tion  proeess ofl.4LP

  We  examined  del)ho$phorylation of  phu $'phory}ated

prv[eins  by th(' fvnc;tioiis during purifien  tiotx $teps  tv d(,x.'

termine  whether  AI.P oi' MC3T3'E1  celis  eettid  act  as  a

pr"te]n phosphak}$e  (1;igs. 1'iS). Dephosv.)h"ry]atien ot'

Tyr'P'R(IM'!ysozyme  or  SerlThr'P'histone was  not  de'

teete(1 al-t ,er Con  ,AL aft'inity  chromatography  (clata not

shown).  Most  of  Ser!T]]r'P'MBP depl'"osphery]ation was

pNI'1' hydrolysls. (tp}I9.70) and  1tsrr'P'MBP  dephos;]hoTylation

(pH8,77) were  assayed  in the  presenee  oi' difils.Tent concentra'

tions of'inhibitors',  anct  concenttatio"s  foT halt' maxinial  inhibi'

tion  (l C"･iV)O) were  cn]culated.(ni..not  inhibited.}

separated  from pNPP  hycirolytic fraction after  anion  ex'

change  chromatography  {.Fig. 1) and  was  harcl]y cletected

after  gel filtr{-t,ion (Fig. 3). On  the other  hand, {'ractions

aet  ivc; for Tyr'P'MBP  dephospherylation  mo$rty  corre'

spun(U'i.cl to the. acti've fvactions (luring  puri flcatiot'] s/ teps

(Figs. I'3),

3  C:bnr-flcteriua tibn of  7]}cr'P'MBP dephospharythtion

  We  u}$toc! the  plI  dependen(v  ofthe  devhosphoryla'

tio'n ot' 
r]iyr'P'MBP

 using  the enzyme  after  gel Mtration

(Fig, 5), Fig, 5 shvws  n  t/ypieai resuit  of  ,l  indepencle.nt

experirnents.  The  highest activities  were  obtained  in the

pH  ra  ng-  ot.' 8,3'8.7, but abottt G2 V{) of  maximal  act  ivi'

ties were  kExpt' {-it neutral  plI  value,  We  tested  the  depen'

cle,ncyofa('tivityontheconcentratiGnofTyr'P'evlBI'(dala

not  show  n).  L)ephotipho rylation  was  proport  ional to the
conc(int  rttrion  of' O,2 to 2,2 pM  Tyr'P' lvTBR Then we  tested

competition  of  pNl''P with  2,2 FM  Tyr'P'MBP  dephos･

phorylation.  pNPP  inhibited Z[Yr'P'MBI' (lephospboryla'

t,ion flependinhT  on  it,s eoneenl,ration  and  half maximal

Table  31 Subsi ratespecifivity  tind  ol)  t.lmalpll  range  obbone'typeAI.i'.

Hubstrate optimal  pH apparent  Iini

   CmM)

  act,ivitvratio

(aioptininlp}'I/pl!7,)

pNl'P.tTPb'gl.yeerophop,phate

pyridosa]  phosphnte

phosphoethartolamine

Tvr'P'MBP

9,70 (9.4;3-10.42)
9. L)2 (8,64-9.7e)
8. 97  (8.11 

-9.L)
 2>

9.11 (8.76-9.56)

9.ta8(8.87-9,75)

8 67 C.8,:3:a-8.70)

O,301.10O.3t.}C),Lt7O.8･4nd 32,2

  7.{3

  6.3159,7

 24.1

  1,6

Levamisole's"nHitive hv(irolvtic activities  of  aetive  ftactions }IC3T3'E  1 lbr phosphate  cempounds

were  meutiuretl  using  ee]]  exi,r"ct  H{  di1ftirenl･ concentrHtions  ur  ul  tlilkTre"{  pil  v}tlues.  AppnrenL
Km  values  -,ere  calculated  b}, deub!e  reeiproca}  prots.  (n.d.,net deterininud.)
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Fig. 4. SDS-PAGE  analysis  ofthe  eanples  from various  stagee

of  ALP  purincation of  MC3T3'El  cells,  SDS'llAGE  was  per'
formed as  descmibed in IMdaterials and  Methods andprobein  bands
were  etained  by silver  staining.  Tlie samples  were:  Lane 1, eell
extract;  Lane  2, POROS  5(n) anion  emhange;  Lane  a  Con  A  afL
fuity; Lano 4, Superdex 2oo  gel filtration. Molocular wcight  stan-

darde  included myosin  eoo  kD),  phosphoryiase  B  (97.4 kD),
bovine serum  albumin (68 kl)) and  ovalbumin  (43 kD),
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blg. 5,Effects ef  pH  values  on  pNPP  hydralysis and  TYr"P'MBP
dephosphoryiation, pNPP  was  hydrolyned by ALP  fractions af'
ter POROS  50D  anion  exchange  (O), Con  A  alfinity  ( U)  and

Super(lex 200 gel hltratien (A) column  chromatography  at  vari'
ous  pH  values.  IEYr'P'MBP was  also dephosphorylatea by active
fractions after  Superdex 2oo  gel fi1tration (A, dotte(1 line). TVis-
aoetate  bulfer fpH 4.67'9. 2(D and  carbonate  buMer fpH 9.22'11.17)
were  used  fer the  reaction

MBP  was  the smallest.
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inhibition was  obtained  at  1oo p]Y[ pNPR

  4  EUITects ofagonts on  pAIT?Plytbv)ersis and  ZYcr-2Iav
  `ieph(msmborylatlon

   We  tested tbe effects  of several  agents  on  beth pNPP

  hydrolysis and  TYr'P'MBP depbospborylation tuble 2),
  Levamisole inhibited both activities, but okadaic  acid,

  aninhibitorofproteinserinetthreoninephosphatases,and

  dephostatin an  inhibitor ef seme  protein tyrosine pbos'

  phatases did not  inhibit eitber  of  activities,  Vanadate
  inhibited  beth  aetivities  at  low concentrations,  L'

  homoarginine, an  inhibitor ofALe  inhibited both a{rtivi'
. ties, too, Since ALP  rcquires  magncsium  ions for its ac"
  tivitM we  tested  the effbcts  of  EDTA  on  both activities,

  EI)TA  efwhich  coneentration  was  higher thun  the added

  magnesium,  inhibited both  activities  (data not  shownl,

  5. Substrate Bpecificity  of  levamisole'sensitive phos'
  phatase activities

   For eyaluation  of  substrate  specificity  ofALR  ooneen'

  trationdeperxlencyoflevamisole'sensitivepbosphatase

  activities  of  several  pbosphate compounds  and  pH  de'

  pendency  oftbeir activities were  teste(1 using  oell extract,

  The optimal  pH  range,  apparent  Km  values  and  the ra'

  tio ofactivities  at  optimal pH  to tbose at  pH  7 were  sum'

  marized  in Cfable 3, All sarnples  tested including [fyr"P'

  MBP  gave broad  acLivity  peak  at alkaline  pH  (parenthe'
  ses in [[lable 3), The  ratios  of activities  at  optimal  pH  to

  those at  pH  7 were  calculated  and  the value  for rltsTr-P･

                Discussion

   ALPs  are  widely  distributed enzymes  in mammalian

  tissues, which  hydrolyze orthophosphoric`monoester  at

  alkaline  pH  optima.  Although ALPs  have been  studied

  for the last seventy  years,  little is known  about  their

 physiological functions, substrates  and  pH  optima.  ALPs
  are  abimdant  in the cells assoeiated  with hard tissue for'

  mation;  they  are  thought  to play  an  important  role  in
  hard tissue formatio" but the detail remained  to be elu'

 eidated, We  have studied  the relaLionbetweenALP  aird

 hard tissue formation using  a  clonal osteoblastic  oell hne,
 MC3T3･El  

'a).
 MC3T3･El  oells  were  established  fVom

 neonatal  mouse  calvaria,  and  selected  for highALP ac'

 tivity in the confluent  stage.  The cells have the capaeity

 to differentiate into osteobiasts  and  osteoqytes,  and  to

 form calcified  bone tissue in vitro.  MC3T3'E1  are  tbonght

 to be excellent  ce11s  in which  tbe function of  ALP  during
 the prooess of  hard tissue formation can  be studied  and

 t}nis there are  many  reports  of measuring  ALP  actwities

 in the  cell culture  
ee'2M,

 It has  been reported  that  ALP

 activity  tiicreases in a(x)ordance  with  the progTess of  cal"

 cification  and  tlrus can  be an  indicator of  calcification.

 An  iirrportant question is raised  here. When  ALP  actwi'

 ttes are  assayed,  artificial  Bnhstrates,  for exarnple  pNPR

 phcnyl  phosphate and  P"glyccrophosphate, are  usually

 used  at  alkaline  pH,  On  the other  hand, MC3T3'E1  cells

 are  cultured  with  a  medium  ofwhich  pH  is usually  7.2 to

 7,4 and  ALP  activity  with  tbose artificial substrates  is
75
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very  low at these pH  values,  as  already  knewn  and  we

too have  demonstrated  it in this study  (Fig, 5 and  [lhble

3). NamelM  ALP  works  inefficient at  neutral  pH  for those
        4.6,2B)
            . What  is the physiological sub$trate  andsubstrates

pH  for ALP?  Tb  understand  the physiologieal function of
ALR  it is import,ant, to know  its physiologicfil Rubstrnt,es

and  working  pH,  Hence we  purified ALP  from  MC3T3'

E1  to test  its substrate  specificity  and  to detemninc  its

optimal  pll for different substrates.

 By  butttnol treat-ment and  three'column  chromatogra-

phy  steps  (Figs, 1'3), we  purified ALP  ever  900'fold from

celJ  extract,  which  $howed  a single band wlth  silver  stain'

ing dable 1 and  Fig. 4). Molecular weight  estimated  from

SDS'RAGE  and  gel filtration was  similar  to the  one  pre-
                            2S,24')
                               ,We  used  pNPPviously reported  for bone'type  ALP

as  substrate  to monitor  ALP  activity  during purification,
and  found that the optimal  pH  values  for PNPP  hydroly'
sis  were.  9.4 to 10.4 for all  sarnples  after  each  purifiea'

tion step. The activities were  inhibited by ievamisole 
:5'ee),

L･homoarginine 
i6'27)

 and  al6o by EDTA. As the purified
enzyme  had  a  Lypieal  characLer  efALR  we  tesLed  Lhe

substrates  and  pH  dependency using  the enzyme.

  Many  phosphat,e compounds  have been tested  as  can'

didates ofphysiological  substrates  for ALR  but none  of

                                   4,2S.2S,?9)

                                        .Wethem  has been recognized  as  true substrate

tested the  possibility that ALP  might  work  as  pretein

pbosphatase  at  neutral  pH, We  prepared  MBP  and  RCM'
                                      r7,3o)

                                        .We}ysozyme  phosphorylated  at  tyrosine residues

also  prqpared  MBP  and  histone phosphorylated  at  serine

                   17)

                    , Among  the$e substrates,  ac'alld  threonine  residues

tive fraction after  ge} filtration dephosphorylated  only

Tyr'P'MBP (Fig, 3), suggestillg  tlie presellce  of $ubstrate

specificity  for phosphorylated  proteins. This dephospho'

rylntion  was  inhibited by ALP  inhibitors (Table 2) and
EDTA,  but not  inhibited by protein phosphatase  inhibi'

tors, okadaic  acid  
SD

 and  dcphostatin 
S2).

 Both  pNPP  hy-

drolysis and  [fYr`P'MBP dephosphorylation were  inhib'

ited by  vanadatee}.  Moreoveg  dephospherylation  fer [[tsTr'
P`MBP  was  competed  by  pNPP  with  a  half maximal  in'

hibit,ion concentration  close  to t.he apparent  Km  value  of

PNPP  hydrolysis, These  results  suggest  that  ALP  fr'om

osteoblastic  cells selectively  dephosphorylate TbTr'P"MBP

  Then  we  tested  pH  dependency of  dephosphorylatioR

of [IYr'P'MBP by active  fraction. As  shown  in Fig. 5, the
activity  showed  broad peak  at pH  8.3'8.7, which  shifted

to 9,4'10.4 withpNPR  and  was  acoompanied  by  a  shoul-

der till pH  6,9. In this neutral  pH  range,  about  62  %  ef

maximal  activity  was  kept. The result$  suggest  that bone-
type  ALP  clephospherylates  Tyr-P･MBP  at  neutral  pH

range  and  may  be able  to work  at neutral  pH  for physi'
ological  substrat,es.  Swnrup et  fll. reported  that  cfiIf in'

test.inalALPdephesphorylatedt.yrosine'phesphorylated

hi$tone with  the  broad pH  dependenqy  from 6,o te g.o 
i'),

However, their work  has not  been  cited  in the  pertinent

review  t,o AI,R  Accumulation  of  more  evidence  wouid  be
necessary  to  establish  the  finding that  ALP  has tyrosine

phGsphatase'like  activity  at, neutralpH  range.  There are

several  reports  about  protein tyrosine  pho  sp  hatases that

optimal  pH  values  arc  changeable  dcpending  on  the  sub'

           9,IU,1ut

               . We  tested [IYr`P'MBP  as  a  substratestratestested

for protein phusphat,ase autivity  ofALP  in this  study  but

Tvr-P'MBP  was  not  an  actual  substrate  for ALP  of

MC3T3'El  cel!s,  
'lihe

 optimaipH  for actual  phosphory'

lated protein $ubstrates  of  ALP  may  ehange  to a  com'

plete neutral  range.

  Finally we  tested the specificity  uf  substrate$  to

ievamisole'sensitive pbosphatase  activities (Tbble 3). ATR

pyridoxal  phosphate  and  phesphoethanolamine  were

te-sted as  a  candidate  of physiological substrates  
`'2g'29),

but optimal  pH  values  were  alkaline  for all  substrates

and  the ratio ofactivity  at  optimal  pH  to one  at, pH  7 was

higher Llian Lliat of  [lb,r'P'MBR IfALI' works  at  neuLral

pH  range  physiologicallM these  snhstrate$  rnust  be inef

ficient forAI.P,

 From  the above  resu)ts,  we  eenclude  that ALP  of  osteo'

blasticcellsdisplaysdephosphorylationoftyrosine'phos'

phoryiated  protein  at  neutral  pll  range,  And  this activ'

ity may  play an  important  role  in physiolegical function
ofbone`typeALP
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