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Substrate Specificity of Alkaline Phosphatase

Kyung-Tae Lee*, Chang-Ho Kwon, E. Waelkens*, W. Merlevede*
Department of Biochemistry, College of Pharmacy, Kyunghee University, Seoul 130-701, Korea
**Afdeling Biochemie, Faculteit Geneeskunde, Campus Gasthuisberg,

Katholieke Universiteit Leuven, B-3000, Belgium

Abstract—The substrate specificity of the purified rabbit plasma alkaline phosphatase (ALPase)
was determined towards a extended range of potential substrates including relatively simple phos-
phate derivatives as p-NPP and indolyl phosphate, and several synthetic peptides and phosphopro-
teins. These results further estabilish the broad substrate specificity of these circulating enzymes.
Interestingly, the plasma ALPase preferentially dephosphorylates Thr over Ser residues, as demon-
strated with a series of synthetic peptides. The latter result is in contradiction to the behaviour
of the tissue ALPase, which is thought to the ultimate source of plasma ALPase, and open therefore
new perspectives with respective to the origin and "solubilisation” processes of these enzymes.
Dephsphrylation of protein substrates by endogenous and isolated plasma ALPases indicates that
ALPase probably displays protein phosphatase activity i vivo.
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o}E PTK7} sted 7] ol 7153 W& PTPases
Bejste] o3, wlmshs o] Hasdtcha A7 s
oA}

ALPase?] 7|32 Al-§-5+= p-NPP+ phosphoty-
rosined} 43} Fx2A19] F-AHA o & glale] ALPase7}
PTPase2 49| 7155 7[A7 olvke A& ™3
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proteinol] ©] w27 9l4kstE B 3 3}gl e w, Foul-
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150 mM NaCl#} 03mM [y-3PJ-ATP [1000 cpm/
pmol]& 30T |4 2027t 4143} A)zc)h WalAd ki-
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H7lsted Al Asks AR5 phosphocel-
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< ¥l peptided F=3tdch. 24tz 10 W
Ql4tslygl 714)-2 pH 7.4 A1 ALPase(5 units in 3.4 g)
9} ukg- AlZ )l (1unite 18 53ko] 1nmole] [P]
phosphateZ} frel5= &4:2] o5 Jepdn)). wkg-&
isobutylalcohol-toluene (1:1, v/v) 1.2m/ ¥ 5mM
silicotungstate®} 1 mM H,S0, % &5 0.8 m/ &
o] Artell 23] FHA7) F, Feisls ¥P phos-
phomolybdic &&= F&3 F &3 sldc)

acetic acid&
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2lat stgtE S| R2|E §H ALPaseol| 23t
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?5”] Al WA Zhekgk A FEA (A B
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I 2 ID.

A= &3 ALPasex o12] 7] "5 p-NPP, indolyl
phosphate, ATP, poly[Glu : Tyr(4 : 1)], peptide(his-
tone f2be] <l4kzt Aol falgd peptlde)s’-}
RCM-lysozyme 5-9] 2alibsls & 4 glgled,
9] 714, o4& Z9d histone f2b(cAMP- dependent
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Table I—Tested substrate of the plasma ALPase

1. Synthetic substrates.
a) Low mol. wt substrates.
pNPP
ATP
Indolyl phosphate
b) Synthetic peptides
poly[Glu : Tyr(*p)4 : 1)]
Al, A2, A3, S2, S3, S4, T4 (see table II)
2. Proteins.
[histone VII-s (subgroup f2b)]
[casein]
membrane proteins (A431 cells)
soluble rat brain extracts
RCM-lysozyme

Table II—-Dephosphorylation of representative phos-
phopeptides by isolated plasma ALPase(5
units in 3.5 ug protein)

Phosphopeptide mU/mJ
Arg-Arg-Ala-Thr(P)-Val-Ala (T4) 12
Arg-Arg-Ala-Ser(P)-Val-Ala (82) 17
Arg-Arg-Arg-Arg-Ala-Ser(P)-Val-Ala (A1) 185
Arg-Arg-Arg-Arg-Ala-Ala-Ser(P)-Val-Ala (A2) 345

Arg-Arg-Arg-Arg-Ala-Ala-Ala-Ser(P)-Val-Val  (A3) 43.3
Arg-Arg-Arg-Glu-Glu-Glu-Ser(P)-Val-Val (S3) -
Arg-Arg-Arg-Glu-Glu-Glu-Thr(P)-Val-Val (54) 2684

z|ofokc}. ®3F phosphorylase a& 723 Al8-g
7ol Q4bEkE A 2 4 gldch
AF s 4504 Helgk ALPase %2 Ser”)

& E."\l’:}i}*]?]-\: protein phosphatase 2] .3V
5]3{1‘3}. ol A= Ser7]ll ¢l4t3}&} histone 2b
Phosphorylase ag2 2l €3 ALPased| 2]3)
eal4bstrl 719] glel, d4b ALPaset= Z Ao $-
2{gk ALPase5% 7|4 ol =33t o) et
Wt o]y Ad HAxle Z"’Oﬂ*ﬁ AlLPase & %
217171 A7 A9HQ ““ﬂ? | & Zof A&
u]x] zedH o2 Fejxl dzhyel ALPaSCQ¥ o} &
71" Boldg vell AR FEFch
B Peptide®| El4bzl—Table II+=
+ejgt U ko] ALPase (5 units)E
Ser3 Thr7]& <ql4F3}gl &

it nJo v{w

Aol 4
A}-8-3}o
=5+ peptideE uH-2-3h
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Axpolr}. Q14N Ser?] F#oll Arg# Alav]e] &
7he Ser7)9) =lAbshg 2FX A3 o, Ser?]
919 Alaz|e} 27} = AlathAl Valz]e] A#te g
gl absirt 7S o ok =g 2 322
peptidecll 4 a14t3}= Sers}t Thr7]7} *#d A5
$r2]% ¥4 ALPaset Ser7]X.th Thr7]e| Aild=z2
eroislsle] A Ao] 9l Ao velyid

2 Alge 4 amino acid-& W 3}A|7] peptided 7]
Az A3 AY AutelA ALPase®] 7ol i
ol 4tgle) Aol FAel 97 o] ol 7]A 9
Wale] wel Wk S oF 7 Ak

o2 7Bl 3t 22| E%F ALPase2| %X pH
~F2lg ¥4 AlPased AH&3le] gl 73 9
A o= 7149 A pHE FAHskdch

RCM-lysozyme-S ]84 ALPase®] = pHe A4
213 pH<l 7~8 Atelofl glod 2o, polylglu : tyr(4
D], ATP 28}l p-NPP 59| gt ¢4 s3hEe
7 pHe 2479, 8,10 502 47148 B F4irh
(Fig. 1).

olz] 7]Alel gk ALPased] #Ado] tfE & ol
o3 AVeAE AAsl e, 7188 =elakst wk
20 tissue unspecific ALPase& Algld o g xs)s}
+ EDTA (1 mM), levamisole(1 mM) # DTT(1 mM)
55wk EEC #Hristed Azl #A pHeA

A4S ZHe Ay} BB G448 o]yl EAtE
o8} &= 2m(Table III), PTPase(RCM-lysoz-
yme S 71 A2 21-8)2} ALPase(p-NPPE 7| L2 214
o] Ao He] A wpx{9 A7 byt
AARogA F Hio gt Heg A=A
o|A+e) Zstel| 4] PTPase9t ATPase®] #44e t}&
Axe 2g Zo] opd dhte] FA¢l ALPaseol 3l

D A

Table II—Inhibition of phosphoprotein and phospho-
hydrolytic activity of the plsma ALPase (5
units in 3.5 ug protein) by DTA, levamisol
and DTT

substrate % inhibition induced by various effectors

EDTA(1 mM) Levamisol(1 mM) DTT(1 mM)

RCM-Lysozyme 100 % 50 % 50 %
ATP 50 % 100 % 100 %
pNPP 100 % %% 8%

RCM lysozyme activity (mU/mi)
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Fig. 1—pH optima of isolated ALPase activity obtained
with different substrates. The different pH bu-
ffers were: 0-0 Mes (pH 5~7) 50 mM.
A-A Tris (pH 7~9) 50 mM. x-x NaHCO; (pH
9~11) 50 mM.

oleigt A& ZHijellr ALPaser} w&d IA 3
g WelAE 94714 A pHE ALPase &4
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gEol e FA 77hE AL, A EHT
ALPase+= in vivooll 4] protein phosphatase24] &3]
PTPase?] 7)%-& #|Al3led &}

Phosphoprotein®] XX ALPased|| 2|3t &rolits}
—A431 human epidermoid carcinoma cells®} A%

o3 ¥el¢ ¥, EGFsh [y-"PIATPE goi & w
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Aol Tyrr) 9 A ole} wnde) QuaskE A
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Time (min) 30 60

levamisole - + - +

Fig. 2—Time course of dephosphorylation of *P-label-
led EGF receptor by endogenous ALPase.

Time (min) 0 30 60
AlPase

- + - + - +

Fig. 3—Time course of the dephosphorylation of *P-
labelled rat brain extracts by isolated soluble
ALPase from plasma.
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ALPasedl] 9J&] EGF receptor®] #<¢lAtslz} uib-g-
AlzZbel uhel ZpaEtg o, 60 Follv o 50%7F
aegol wlsled 3r4ad BAckFig 2).
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kinaseol] 2Ja] oj¥] WS q4itsl APk 1 F
o A} 553 64 KDa2] whull o] ol =%} ofo] Fef A
ALPase®}(5 units) 93 A|Z-& of, WA 7t uwhet
gal4tslrl Frbge 2 HA" AlPased] 753
Al 71 A elS HdckFig 3).

ol#|gt AF}E-L AAH ALPase =+ endogenous
ALPase7} Melzq]l 7|3 chalal g o] gslA =it
35 o2 in viveollAl protein phosphatase2
AL 7R gleS #HlsH s R, 53
EGF &4 3 RCM-lysozyme2] =l 4ks}el 4] AL-
Pasex= in vivo |4 PTPase® 4] 243 73L& 3l
Hh33kaL Qe

2 £

¥2] 87 9 endogenous ALPase & o]-§-3}o] o]
71AE A A o e 4ES 4ok (D
2ol A f-2]8F ALPaset A7 2 3264 Felg
ALPaseseh= of& 7] So]4E 7k Udch (2)
olz] A IEE # o 4 HHES AHEE
f2] €2 AlPased ¥4l *Fﬁ}i AV A3 AL-
Pase-‘l] E] | th etvle) o g 7] Ale wel zle)7}
pIs T 9lglek (3 In vivool 2] ALPase®]
"3‘117—1 7]7—: protein phosphatase 241, 53] PT-
Pase 249 7S Bl Fdrl

z #

1) McComb, R.B., Bowers, G.N. and Posen, S.: Alka-
line Phosphatase, Plenum Press, New York (1979).

2) Millan, J.L.: Molecular cloning and sequence analy-
sis of human placental alkaline phosphatase. /. Biol.
Chem., 261, 3112 (1986).

3) Weiss, M.]., Henthron, P.S., Lafferty, M.A., Slaugh-
ter, C., Raducha, M. and Harris, H.:

Characterization of a ¢cDNA encoding a human Ili-

Isolation and

ver/bone/kidney alkanine phosphatase. Proc. Natl.
Acad. Sci. US.A. 83, 7182 (1986).

4) Low, M.G., Ferguson, M.AJ., Feuterman, A H. and
Silman, I.: Covalently attached phosphatidylinositol

as a hudrophobic anchor for membrane proteins.



576 ol el - YA%S - E. Waelkens + W. Merlevede

Trends Biochem. Sci, 11, 212 (1986).

5) Chacrabartty, A. and Stinson, R.A.: Properties of
membrane-bound and solublized forms of alkaline
phosphatase from human liver. Biochem. Biophys.
Acta, 839, 174 (1985).

6) Low, M.G. and Finean, ].B.: Release of alkaline
phosphatase from membranes by phosphatidylino-
sitol-specific phospholipase C. Biochem. ], 167, 281
(1977).

7) Chacrabartty, A. and Stinson, R.A.: The solubliza-
tion of tetrameric alkaline phosphatase from hu-
man liver and its conversion in to various forms
by phosphatidylinositol-specific phospholipase C or
proteolysis. /. Biol. Chem. 263, 14368 (1988).

8) Moss, D. W.: Alkaline Phosphatase isoenzymes.
Clin. Chem., 28, 2007 (1982).

9) Moss, D.W.: Diagnostic aspects of alkaline phos-
phatase and its isozymes. Clic. Biochem. 20, 225
(1987).

10) Sefton, B. M., Huner, T., Beemon, K. and Eckhart,
W.: Evidence that the phosphorylation of tyrosine
is essential for cellular transformation by Rous sa-
rcoma virus. Cell 20, 807 (1980).

11) Stinson, R.A. and Chan, J.RA.: Alkaline phospha-
tase and its function as a protein phosphatases.
Adv. Prot. Phosphatases 4, 127 (1985).

12) Lau, KW.H,, Farley, J.R. and Baylink, D.]J.: Phos-
photyrosyl protein phosphatases. Biochem. ] 257,
23 (1989).

13) Swarp, G., Cohen, S. and Garbers, D.L.: Selective
dephosphorylation of proteins containing phosphot-

yrosine by alkaline phosphatases. J. Biol. Chem.

256, 8197 (1981).

14) Foulkes, J.G., Erickson, E. and Erickson, R.L.: Se-
paration of multiple phosphotyrosyl-and phospho-
seryl-protein phosphatases from chicken brain. [
Biol. Chem. 258, 431 (1983).

15) Lee, K.T., Waelkens, E. and Merlevede, W.: Plasma
tyrosine phosphatase from healthy rabbit can be
totally scribed to the tissue-unspecific alkaline
phosphata. Arch. Int. Pharmacodyn. pharmaco-
ther, 311, 1&  1991).

16) Lee, K.T., Waelke:  E. and Merlevede, W.: Purifi-
cation of alkaline pi: -hatase from the rabbit se-
rum. Clin. Chem. Res. Commun. 3, 151 (1990).

17) Cayla, X., Goris, J., Hermann, J., Hendrix, P., Ozon,
R. and Merlevede, W.: Isolation and chareterization
of a tyrosyl phosphatase activating factor from rab-
bit skeletal muscle and Xenopous laevis oocytes.
Biochemistry 29, 658 (1990).

18) Jessus, C., Goris, J., Cayla, X., Hermann, J., Hend-
rix, P.,, Ozon, R. and Merlevede, W.: Tublin and
MAP2 regulate the PCS phosphatase activity: a
possible new role for microtubular proteins. Eur.
J. Biochem. 180, 15 (1989).

19) Thom, D., Powell, A]., Lloyd, C.W. and Rees, D.A.:
Rapid isolation of plasma membranes in high yield
from cultured fibroblast. Biochem. J. 168, 187 (19
77).

20) Agostinis, P., Goris, J., Waelkens, E., Pinna, LA,
Marchiori, F. and Merlevede, W.: Dephosphoryla-
tion of phosphoproteins and synthetic phosphopep-
tides. J. Biol. Chem.. 262, 1060 (1987).

J. Pharm. Soc. Korea



