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ABSTRACT: |

A

a

Purified alkaline phosphatase'and plasma membranes from
§ .

hnman 1iVer .were snownb to dephosphorylate phosphohxstones

Neitherf piasma‘.zmembranes‘}nor pur1f1ed s liver alkallne
phospnatase oephospnorylate ~glycogen phosphorylase a. The
histone phosphatase activity of the 11ver plasma membranes

was_ 1nh1b1ted | by levamisole, ' a ' 'specific inhibitor of

X

" alkaline phosphatase, ‘and by phenylphosphonate and

orthovanadate, bBut was relatively insensitive to fluoride.

-
N o

. Autophosphorylation of plasma membrane proteins, (by

~

——

endogenous protein kinase(s) ) was enhanced'by 1evamisole,

phenylphosphonate and ‘orthovanadate. : Also, "~ the

.dephosphoryla;ion of plasma membrane phosphoprotexns by the,

endogenous protein . phosphatase(s) was 1nh1b1ted by
' 3 : ‘ ‘ S ‘

‘ulevamisole; these observatlons suggested the 1nvolvement of

_membrane alka11ne phosphatase. R ‘ ' ‘jfg

[
i

Autophosphorylation of the'plasma'membrane proieins was e

-,

-dependent on CycllC AMP The membrane phosphoptote1ns were

resolved by one-. and two—d1men51onal polyacrylamxdet gelv

’

electrophore51s. ,‘The_ J membrane phosphoprotelns ‘ were

vxsuallzed by autoradlography and three f these, w1thf"

. . it "“l v .
mdleddlarfweights ‘of 74, ,45 and 36 kDa, appeared to be the N

s

majo: substrates of’ the membrane protexn kinase1s) ;:;fff

Phospholxpase C had no actlvatlon effect on ,the

'endogenops prote1n f kxnase act1v1ty. ‘ However, plasmg_

membranes, incubated w1th phospholxpase ; Crljfg:tow,,”

<L R A ol
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 énzymatical1y remove- -the , membrane alkaline

showed increased pro

'phosphatase,

corresponding .

i

tetn phosphorxlatioh and 'a
decrease in thefehdogenous proteih phosphatase’

!
AN -

activity.

1t appears that alkaline phosphatase is the ‘major protein .

phosphatase preéent»‘in the . liver plasma membranes. The

presence of  cyclic . AMP-dependent = protein ' kinases. and

alkaline phosphatase in the plasha_membtanes is consistent

withithe “involvement of . these enzymes .in the mediation of
the effect "of cyclic 'AMP on the function of membrane

proteins by reversible protein.phosphorylation.
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CHAPTER ONE

THE ALKALINE PHOSPHATASE PROTEIN

Alkaline phosphétases (orthophosphoric-monoester
phosphohyd£olase, a%kaline optimum; EC 3.1.3.1) are a group
of zinc¥contaihing metalloeﬁz&%as. Many attempts have been
. made to define the ‘physiological roles o% these enzymes
s&nce the pathologicel signifrWancerf their elevated serum
1eve1$ was first recognized (1). It has been proposed that

protein phosphatases may have an important role in the

A\l ——

regula;ion of cellular metabolism, transformation and
proliferation (2-7). Certain‘characteristics of the protein
phosphatase activity of alkaline phosphatase have been
determined (8-11), and it is hoped that this information may
"offer sohe ciué into .the elucidation of the bhysiological'
function of the human enzyme. This chaptér déals with a
review of the physidal;'bjochemical and enzymatic p:opettieé

of alkaline phosphatase.

A. CATALYTIC PROPERTIES

1. Reaction mechanism

Alkaline phosphatase catalyses the transfer .of the
phosphoryl group from 'phosphomonoesters to either watéf

(phosphohydrolysis) or = to other hydroxyl-containing

-acceptors"(transphosphorylation)... Iﬁ both cases, the

reaction mechanism, involves the formation of a phosphoryl-

[N
i -
i

1



2

enzyme intermediate (12)'at a specific serine rééé@ue (13~
16). The pH optimum of the phosphohydrolytic activity of
alkaliﬁe phosphatase jis in the alkaline range but protein

“phosphatase activity appeared to be at or near neutral.

' , . - [

U H0
RO 12 ) |
RLOP + B o—> Rlop'.uvzr-,—-p }L P —pE 4+ P,
R,OH
E + R,0P

) s , ‘ .
Fig. 1 Reaction scheme of alkaline phospahatase

" In  the reaction scheme shown “in ‘Figqre/ 1, RIOP.E
represents the Michaelis-Menten comq}ex, - E=-P the‘ covalent '
.phosphoryl-enzyme, E.P the Michaelis-Menten complex for

wL,v4’pbosphate and enzyme, 'Pi -inorganic phosphatgi;,kzoﬂ' a

hydrékyl-éongainjng molecule,faﬁd'E an enzyme Subunit.(IZ).

‘2. Substrate specificigyk
Alkaline phosphatase is a non-specific'phosphatase in
that its rate of hydrolysis of the phosphate _esters are

similiar irrespectiveIOf the leaVing'group and there appears '

. IR ‘ : ) ! - o
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.to be no speqific binding site for,Ehe alcoholic or Qhenollc

‘portion of the substrate. The enzyme' caq~ hydrolyee the

phosphate group from compounds wiﬁh—CAO-P, F-P, P-OP, S-P,
n ) ‘ ¢ \ . r '

or N-P type bonds (17). Derivativefof phOspﬁSnrc acid with =

C-P bonds are not substrates of alkaline phosphatase. =~ &

Many of the phosphomonoesters which can be acted)upon‘b&

IS

i )

alkaline phospnapase are physiolégiCally important -

‘ compounds. These include AMP, :ATP, 'pyridoxal »phosphape;

.carbamyl phosphate, phosphocholine, pyrophosphate, and
”phoephoethanolamine (17,18). e : {.- ‘-
. - o m
B. STRUCTURE AND MOLECUtAR PROPEBTIBS o S ,./
N \.. . ' ' ‘ /.

. . .. .
1. Molecular weight

PR

The mamma11an alkalxne phosphatases are active as dlmers‘f

(17).rThe molecular we1ghts of the various . 1§e§nzymes varied
from 119,000 Da for‘ the placental enzyme‘ta,
the kidney and liver forms (19).

‘There have been‘reports of tetrameric fofms of alkaline

phosphatase‘and this tetramerlc sttucture has been asoribed

[y

Ta

80,000 Da.for

to human placental,_l1ver,‘ and serumnrforms of the enzyme

(18 20 21). However, it has been proposed '-fhat -the

' ?tettamer' may represent a stable assocxat1on of d1mers of

the.-enzyme or of an enfyme dlmer tightly bound to other

“piasma membrane‘ ‘pxotelns (22).‘ Human liver alkaline

phosphatase was - shown to:'be kteftamefic in the plasma

E
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4
membraneikconsisting of four identical? suBunits.(21). The
evidence supports the tetramerich conformation . of mammaljan

alkaline phosphatase in situ.

. LT . '
\ ' [

-2, Amino acid composition RN

. The ‘aming’ acid composition~ of purified alkaline
phosphatases from various bacterial and mammalian sources

have been determinjd and minor differences in the amino acid

composition among the various isoenzymes were found (23);

The enzyme * from Bacillus subtilis and B. licheniformis have

\

unusually high lysine content (24, 25) whereas the E. coli

enzyme has very few aromatic amino ac1ds but a large number

d: alanine resxdues (26).n

Mammalian alkalinel phosphatases tend to have more

'Cysteine residues than the bacterial enzymes (27).-Pheny1

hglyoxal, L-cysteine and FMA 1nact1vated alkaline phosphatase‘

~

(18, 28) and it is likely that- arginine and cysteine re51dues
are involved in- the reaction mechanism‘at the active srte.

3. Protein structure ﬁ*."v - ] SR Co Y

The alkaline\\hosphatase enzyme from E. coli is th best ‘

.

—

studied of this particular group of. enzymes and much of the

data collected from studies of the enzyme may be app 1cab¥b:""

._to the other isoenzymes. ‘ The crystal structure f 'the
‘bacterial alkaline phosphatase revealed each monome
;2) to be. made up of a large core of /B-pleated sheets seven ‘

(Fig.



W

" Fig. 2 Schematic;oﬁgtheisg¢0h55fyfétfucﬁuF

—

¢ . C v
. . i

,glkélihe'bhosphatase;:gbe'3qun¢tionai]mét§iisttes;_‘-

t

' ‘represented ‘as bléck?ciréles,,ﬁbpéffﬁiy i§Wéf M?'f

f an6“ﬁ3¥f§rtheffaway‘with a,sﬁéLléflfadidSFfTbe:f.

o numﬁérs indicate theln ;étmini (takéﬁ_ffohfte£.‘31)._‘

-~
. :
. I [T

é of E. coli . (;.:f"

&
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~I3'strands sandWiched‘ :between ‘stretches ~of 'cK—helices‘
-(29,30{31).tﬂa1f of the Iresidues are 'in ot~ hellcal segments‘
with.'il3% ‘ and 16% ‘ respectively, in /s—strand andlﬂ turn
‘orxentations (3G) The helical -segments of this cx46 core

represents 27% ‘ the 459 amxno ac1d re51dues of the E. coll
/

alkaline phosphata e, with the /3 strands makxng up 7%" The e

chains 1n7 ‘the smaller " domain are more convoluted. In both,

.there is extens1ve monomer monomer contact (29). The active
. \ K ‘/’ ) . o
site pocket is located near the carboxyl ends jof "four

[}

strands and. the amino end of the ant1parrallel strand (31).

Bovlne llver and human placental alkallne phosphatase have
*also been partlally sequenced . (14, 32). Although the bovxne |

enzyme was. pur1f1ed to apparant homogenelty w1th respedt to

. SDS—PAGE, two dlfferent amlno—termlnal amlno ac1d sequences

‘were obta1ned (14). ThlS suggests that 'the d1mer1c enzymen
g .

‘may be made up dlfferent subunlts and hybr1d/human alkallne
! . ' / . '
phosphatases may also exlst (See 'Tumor 1soenzymes )..

' ’ /‘. : // . 19 o
S Act1ve site stud1es SYA .
Alkaline' phosphatase cataly51s ‘/has an“essential*

24

for enzymat1c functron and th1s Zn(II)-.'n

/
2

"“jrequirement fp} Zn
‘enzyme can be actlvated by Mg (33). Total react1vat1on ol“

the apoenzyme 'upon add1t10n og an- was not instantaneou”
, / ‘ /

the protein ,molecule (33). Removal of these extra wea
e Rt , /

| boundfmetal ions dxd not appear‘ to/affect the enzym tic'

”r‘;activityitO‘ any s1gnf§acant extent (34). The 21nc 1 n at

RIS S



7
the actiyea site (Figure '5) ‘can be Ircpﬂacedylby‘.Mn(II)J‘HM
Co(II), or rhi(xl) ion - although these enzymes)were not as
active as the normal Zn(II) alkallne phosphatase (34). |
X-ray crystallography of the protexn molecule from E.'
coli showed “the enzyme to be dxmerxc, w1th two zinc ions

-bound per 7dimer (34). There is a conformatlonal change by

‘ the enzyme upon 1oss of the metal 1ons. The Zn?+ are located

\

~ apart..’ (31), and the

i

1nsxde the enzyme s core, 3.9

ﬂa»

substrate molecules were‘found' to be able to» approach to
~within, 3 A of the metal ion (34);

NMR studles on the bacter1a1 alkaline phosphatase with

+
Cd2‘ replacxng the zinc’ ion revealed the pﬁesence of three.

R . ,
Cd2 b1nd1ng s1tes, one of which corresponded to the active

site"(Ml n,srte) (13, 31)‘h‘ with‘ 1ncrea51ng_‘ph or ' upon:
;.phosphorylatlon of the enzyme, the cadmxum 1on migrated from

theaactxye hsxté to another secondary sate. The Cd(II)f:
aikalinevphosphatase‘ waS'found to have only 1% actxvity as
- ‘compared to the normal Zn(II)—enzyme (13). The mlgration of
‘hfthe cadmrum ‘ion suggested possxble conformational changes -
bdue to the change 1n pH or 1n the phosphorylatxon state ofj

dthe ser1ne re51due at the actlve /51te.-“41t must be noteddd

' that the:'cadm1um'10n is 51gn1f1cant1y larger than the zinc‘“

",,7ionk angd ”‘that athese: f1nd1ngs may notf-be ﬁhy]accufatef?

representatlon of normal Zn(II)-alka11ne phosphatase (13).

.1fhe' 21nc 1on at the act1ve 51te (F1g 3) 1s complexed to‘
N ‘ . A

. one serlne ;andd' three histldlne o resxdues (35). The NMR

‘.spectra \1nd1cated . the presence [35:,. zfourth nitogen-l_.
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“containing molecule at the active site but the identity of
K ! . o o, ) "r \

f\this‘amtno acid - is unknoﬁn. ‘Water is ‘in001ved at the

f;actfve site, - donating a proton ’to the phosphate. group
'« -followed by hydrolysis‘ of the »phosphoSerine'group of the
'"enzyme—phOSphate intermediate (35) Comparison of the x-ray

crystallographic dataﬁ with the NMR findings, the ' water

molecule is probadly located at the’ Ml site - (31). In the .

transphosphorylatxon react;on mechanism, the water is
replaced by an. alcohol or phenol.‘ |

The active site of. the enzyme: (from E. colijlmay have a
‘number;of pos1t1vely charged amino acids to'neutralize and

bind the negatively chargeé—_phosphate'hgrbup; hydrolysis

procedes Mith the attack on the 6—? bond between serine-102‘

~“and the phosphate group (12). The zinc ion wlll also aid in

bihding of ‘thelphosphate group. The electrostatlc forces'

anolVed in phosphate binding‘ would expla1n the lack '

‘rsubstrate spec1fic1ty of the alka11ne phosphatases since a

f.specific binding s1te"for“ the nonphosphate‘ port1on 'of

phosphomonoesters does g'not appear '-to exlst“-(31 36).

»

V‘Arsenate!.a product ‘analog“and enzyme inhibitor,‘ b;nds

»3betweenl8er1ne 122 and‘ the z1nc'~lon‘ b1nd1ng 51tes KBIYV

«fsugesting the possible b1nding of the phosphate group of the17’

' substrate to the: act;ve s1te v1a a-water3 molecule hr1dge |

'"ﬂ(31 35). ‘7_l_]fi'*'~ . ..3“}r S

..

The amino acxd sequenceﬁof"the*activev‘Site“for a few -

'.mammalxan alkaline phosphatases,‘hapéffbeenalalso reported'5'

(14 32). Serxne has been_,1dentlfied‘_as %the; amino ' acid

s A



3. Schematic of the active site of E. coli

. Fig.

'elkaliﬁé.phosphatase (taken from ref. 38" ) ‘
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residue which forms tQE covaient phosphoryl—enzyme
intermesiate at the’ actlve site (14-16) and a sequence of
Asp—Ser(P) -Ala. for the bovine ‘1ntest1na1 alkaline
phosphatase was 'ieported (14i. ‘Amino acid sééuences for "
active-s;te tryptic peptldes from human placeptal and bovxne"

‘intestinal isoenzymes had 67% homology to each other, and

© 26% with the E. coli enzyme "(14). The replaqeﬁent‘of‘the

"iactjve site sexine by cysteine resulted in an aétive enzyme

‘with some\ modxflcatxon of its catalyt1c propert1es (37). It
appears that catalytxc funot1onl of alkalxne phosphatase
tequjres a neucleophile at’ the 162 posxtlon amino = acid
residue‘(é?). Appawantly conservatlon of the actlve-slte

sequence did not occur during the evolutxon of the enzymes

nﬂg does conservation appear to be needed;

S.fSubunit interaction

“‘. “v;3}?-‘ and 113

Cd-NMk studies' on, bacterialhxaikaline
f"phosphataseh‘~su§gested ~possible negative . cooperatlve"'
interaotion‘betﬁeén' the subun1ts ‘upon‘ phosphatel b1nd1ng
‘iZi. These findzngs have been supported by k1net1c and *
'fligand‘ bindlng t«studies (38 39).,7 The bacterlal ehsymef

'-‘displayed non-M1chae11an k1net1cs except under cond1t10ns of‘

B s‘h1gh ionic strength or, hlgh phosphate concenttations. The“

- Lineweaver-Burk plots for the hydrolys1s of p-nxtrophenyl o

K phosphate were non-linear "and the‘ analys1s of the? rate{h‘x

ﬂequation pOinted to a negatlve cooperatlvfty between‘ the*:‘

_subunits of the alkalxne phosphatase (38). =



Binding ‘studies with"inorganic phosphate and L- yh
phenylalan1ne showed the preSence of two ‘active~sites‘per‘
‘molecule of rat xntestxnal alkalxne phosphatase (38, 39). The
‘bxndlng affxnxty of the frrst occupxed site was two orders
of magnxtude greater than:that of the second‘occdpied site,
1nd1cat1ng a negatiye eooperativity betweed‘ themtsubnnits‘

(39). | : | R | .

6. Carbohydrate content.
Human alkalxne phosphatases are . glycoprotelns and the -
'properties of the 1soenzymes appear to be partially
determined‘ byl,‘the carbohydrate .groups“on the protein"
molecules (49). S1a11c ac;d is the major carbohydrate moiety
present and 1t may be respons1b1e for the heat stab111ty and
pronase resistance of the placental .alkallne phosphatase
_ isoenzyme;‘ | N | | |
‘ Thelwaétivation‘effeet‘ of‘magnesium ions‘:on alkaiine
phosphatase.l appéared to - be dependent on . the‘ mannose~’
residqes on »the enzyme ,(41). Also, the metabollc half life

‘of the enzymes 1n the blood stream may be determined by the"'

“f‘carbohydrate content (42).

B

C. HUMAN ALKALINE PHOSPHATASE ISOENZYMES.

¢
‘o

1.7Introduction-,7£f"‘ _ o ;‘f B : .y ' _h -

» Human a1kal1ne phosphatase Js found in the liver, bone,‘m

k1dney, spleen, intestlne,f placentaa and_ﬂnegtophils with
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. traces of &he énzyme in other tissue (42-44). The enzyme is

ﬁ? 1ocalized in éhe‘plasma‘membrane of tﬁe’cells (18) although
N N

N4 -

t%hﬁhtnophll alkaline pHdsphatasb may be in a unique granule

(‘called a phosphasome (45).
The alkal;ne phosphataees appear tp be attached to the
L plasma membraﬁe‘éyua N-terminal transmembrane portion of the
protein consleﬁlhé-fof dpproximately 20 to }25 \amino acid
) 3”residues‘(l6)ﬂﬁHPﬁosphatidylihositol may also belinvolved in
. the bindidg’ of the enzyme but the role of this phospholipid

3 remains to be determxned (47). C ‘ N

. .
o | ' . : - .
2. Genetic studies y a

Human alkaline phosphataeee_are coded for by at least
threeﬁ dlfferent- genes '(43). one gene codes .for the
gter/kldney/bone 1soenzyme and p0551b1y the, neutrophll type
‘(4;), one for the in;eetinal, and:e thliii%gl the placental
llsoengyme (43). It has been pioposed thaéﬁgvfourth gehe is
responsible for the'fetal intestinal elk;line phosphatase
(48) . | |
“The placental isoenzyme displays a high degree ‘ef
polymorphxsm and ‘it has been proposed that at least lB.
alleles whlch coded for 44 phenotypes ‘are present at the
gene locus ‘ (49). Studies with monécléﬁal l antibodies
AT . ' : .
indlcetéd a common epitope between the placental and the
.1nxes§1nal alkaline phosphatases w1th no sxm111ar1ty to the

‘h .
nbn tissue—specxf:c isoenzyme (11vet/bone/k1dney) (50).

o
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Antibodies have also been used jn the purificatjion

proceduze of alkaline phosph;tase ;s an‘ affinity

cgsomatogréphic step 'with the  antibodies bound toi a -

Sepharose ge} base (51). The isolation of pure enz;me is a

necessity for biochemicallstudies and use of monoclonal
antibodies for enzyme purifiqation appears promising.

L

3. Serum levels of alkaline phosphatase

Human serum alkaline phosphatase is a mixture of the
various tissue-specific isoenzymes, mainly the liver type
with some intestinal. Placental alkaline phosphatase is also
found in‘serum duriﬁg pregnancy (49).‘Abno;ma} levels of the
enzyme in the serum ref}ecg‘pos;ible cellular or‘ tissue
damage, abnormal cellular function or‘cellular proliferation
(52). The alkaline phosphatase may‘also enter the blood
stream as a re#ult of pa?tial proteolysis or solubilization
of the membrane enzyme by bile salts (42).

| The various isoeqzymes of alkaliﬁe phosppafase can be
differentiated 1byJ:heat inactivation, urea denatur§tion,
electrophoregis - or by the use of inhibition profiles (42).
Human alkaliﬁe phosphatase% were fourdd to be inhibited to
varying éxtents by simple émino‘acids (42).VL-phény1alaniné .
and L-hoﬁoaiginine preferentially inhibjted the intestinal
. and the liver isoenzymes respectively. - This \unique

Specificity of the amino acids ‘with respect to inhibition of
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the alkaline phosphatase isoenzymes meant that inhibition
profiles couid‘ be set up and used to differentiate the
jsoenzymes (42). ' \

- Serum alkaline phosp%:tase'determination has beeh‘of
diagnostic value in renal diseases (53),'diabetes mellitus
(54), .osteomalacia (55), ankylosing spondylytis (56),

hepatobiliary‘and bone disorders (42,57-59) and tumors (see

below) .

4. Tumor isoenzymes

o {
Alkaline phosphatase has been used as a tumor marker

(66-62) and in many instapces, a placental-like isoenzyme.
was found ‘in the 7serum (49). It appears that an embryonic
gene coding for the enzyme can be derepressed in certain
tumors leading to the ‘production of a variant of ’the
placental alkaline phosphatase (42,49) b T

The first variant identified called the Regan iseenzyme,
was found is the ~serum of a Peter Regan who had‘ been
diagnosed with bronchogenic cancer (425; This enzyme showed
" cross-reactivity with antibodies which were raised ‘to
placental alkaline phosphatasez The Regan isoenzyme, . like
the.notmal placental'éype, wes heat stable,‘L-phenylelanibe
,sensitive apd "its electrophoretic mobiiity Qas similiar.toi
the normel~placeﬁtal fdrm,(42); ~ ‘

The Nagao isoenzyme was found in a patient with pleural .

carcinomatosis (63). :Many characteristics of this variant

were similiar to those of the normal placental alkaline .

¢

s
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phosphatase but it also had unique properties: sensitive to '

inhibition by L¥1eucine, L~isoleucine and by EDTA (42)..

A Regan-like enzyme was discovered in 1969 (64)..

.Although this enzyme showed siﬁiliar biochemigal properties
as the Regan variant, it alsq showed se;sifivity . to
inhibition by L~leupine and had greatef heat 'stability than
the normal placental enzyme ‘(65). It appeéred that'cerfain
enzymest maylsé hybrid ‘alkéline-phosphatases, made up of
differeﬁf“éﬁbhﬂ{ts derived from the normal ‘livér ;nd
placental'alkaliné Qhosphatases (66). |
| ,

The\\Kasahara iséenzyme was first found in the serum of

/
i

hepatoma patients (49). It resembles the meconiummiséenzyme
and its migration rate on electrophoresis ' was faster than

the liver form,

D. PHYSIOLOGICAL ROLE OF ALKALINE P_HOAPHATASES'

1. Ihtréduction

[

From certain biochemical and clinical studi€s, there.is

_empirical evidence to indicate the impottance of these
enzyme at " the cellular level. Some of the data will be

reviewed here and theories related to the possible .role of

'aikaline}phosphatases will be: discussed."

2., Phosphate transport

The alkaline phosphatase of many  microorganisms  is
localized in the peripléSmic
B L

o

~

pace (67,68) and the enzyme is
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assocjiated with the aptake' of inorganic phosphate. It has
been shown that'the synthesis of alkallne phosphatase by the

organism was 1nduc1b1e by phosphate pbor medxa.‘

—

- In vivo and lﬂ 31552 studies with rat intestinal
aikaline phosphatasel’indicatedﬁa .similiar respohsep_by the‘
‘intestinal tissues withirespect to 'phosphate depletion;

: , : , ¢
namely the enzyme activity increased (69;70).»These findings
'lehd support to the involvement of 'mammaiian intestinal 

~alkaline phosphatase jin phosphate transport.

3. Hypgphosphatasig

Hypophosphatasia is a rare hereditary bone disorder.

which is charaCterized by dental abnormalities, defective
bone mxneralxzatlon, and increased serum ahd ur1naty levels
of phosphoethanolam1ne and 1norgan1c pyrophosphate (42). It‘
was also note@ that the serum level of alka11ne phosphatase
was abnormally ‘low with a s1gn1f1cant decrease 1n the bone
isoenzyme. ‘The " 'correlatxon between the alkaline phosphatase
.

levels;and the poor calcification‘proéess in?the*patients
fiadiéated a.-éossible involvement of the-obone\isoensyme in
tissue mlneralizatlon (42).

However, a novel £orm of the dlsease was d1scovered in’
1959 in whlch the' patlent d1sp1ayed the classical s1gns of
hyp0phosphatasia but ‘the serum ,.levels pof” -alkallne;
phosphataseL though‘ low, were w1th1n normal wvalues (71 72).f
The serum alkalide}phgsphatase(s) behaved as expected w1thk

‘respect to ' routine biochemical testlng with .various




17
substrates (7é). ‘Tnese lfindings raised doubts ‘as to
impor'tance of the enzyme in bone‘fornation.iﬂowever, kindred‘
studies have»'indicated that pseudohypophosphatasia may be
another genetic but milder form of familial hypophosphatasia o
(71) . o |

[

' 'Alkaline phosphatase may be involved in  the,

‘mineralization of bone tissue by'its catalytie breakdown of

the inorganic pyrophosphate into a form which can be

utilised by the osteoblasts (42).

Regulatlon of protein act1v1ty

The complexity and d1ver51ty of the reactions
oecurring in a 11v1ng organism are aptlypillustrated oy‘the'f
metabolic charts on the walls of bdoehemical laboratories.

It would be logical to assume that'the myriad of enzyme—

,catalyzed reactions‘ are regulated 1n order for the organism'

-~

to‘function, normally..with the discovery of ‘cyclic AMP-‘j'

protein:kinases.‘f73)vand subsequent findings with protein'

phosphatases (2)/ revers1b1e phosphorylatlon was shown to. be“

‘a major enzyme regulatory"echanism.'Although the alkaline f~‘7

phosphatases have, d1fferent phy51ca1 7and biochemical ;

propertles from the protein phosphatases (2),‘ it has been

’

known that the alkaline phosphatases can function as protein, i.ﬁ

v’.

phosphatases.

Bacter1a1 and -mammalian alkaline phosphatases _ exhibitl

~.

protein phosphatase' act1v1ty acting on a. wide variety oft

protein substrates. ‘The;{ enzyme "from  E. coli , ean7'r“f

A

R
N
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dephosphorylate glycogen synthetase} ‘phosphohistones,

"phosphorylase kinase but\not- glycogen phosphorylase’a (9).
Similarly, } human'~‘ plaCental alkaline phosphataSe'

dephoSphorylated protamine,, casein, . phosvitin,‘,"

phosphohistones and glycogen synthetase and the enzyme had a

~d1fferent pH optimum,for ‘each ‘subatrate‘;(lﬂ). A bov1ne

-

| inteStinal isoenzyme "was able to act on phosvitin and

dentine phosphoproteins but the liver form cannot (73).

Whether alkaline phosphatase is 1nt1mately 1nvolved with

respect to .regulation of metabolic enzymes w1ll require

. futher studies.‘ A, low molecular weight protein phosphatase

"(Mr 35 kDa) from cardiac muscle and the adrenal cortex has'

obeen purified agd characterized ‘ (75 77). Thisv enzyme

exhibited a 81gn1f1cant p-nitrophenyl phosphate hydrolytic V.J

[y

"act1v1ty w1th -a pH optimum of 8.5 and may be the catalyticv

4,

T g

-subunit of the’ larger type 1 protein phosphatase (76);-These‘

Yfindings 1nd1cate a p0551b1ej relationship between ‘prOtein

——

-phosphatases and phosphomonoesterases as represented oy type'

B B

‘1 protein phosphatase and alkaline phosphatase respectively.

Alkaline phosphatase may also be 1nvolved

h?meéabolic processes.J_ Cellnlar( maturation of X : 1aeyis.“

'-,oocytes'.fWaS“. 1nhib1table by*agloW[lvmolecular weightj

ﬁphosphoesters and alkaline phosphatase could reverse theff

i,»inhibition (78). Studies on cellular transformation and. -

’nproliferation have - 1mp11cated tyros1ne-spec1fic 1pr_otein_ﬂ

S
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 kinases as pthe causativeV‘agents (3); Alkalinefphosphatase‘
wasf shown ' to 'dephosphorylate, proteins ‘which .  had been

‘ phbspheiylated at tyrosine residues (8).

Protein kinases have been . shown to be important

components of "'the plasma ' membranes  from platelets,

o erythrocytes, 'heart,-.muscle“and other tissues (79-84).

e

‘Membrane -bound - proteln phosphatases have also been repofted

)

(79 85-87)". Alkallne phosphatase may be a member of this

pclaSS'of prote1n phosphatases by v1rtueh'6f its ;ﬁembraheb

localigation and 1ts enzymatlc activity,‘functioning as a

proteln phosphatase 1gl‘v1vo withv‘the‘ plasﬁa membrane .. -

A

phosphoproteznsvas its . substfates. The insulin receptor

(88), glucocorticoid . receptor 189) and” spermidine N'-

acetyltransferase (9@) are examples"bf' membrane- proteinss

‘thCh are regulated by revers1b1e phosphorylat1on.

‘(2);. ;1new approach toh‘th nptask OEy: determzning theh -

SRS

4

E. PURPOSE OF THE STUDY

_“‘Mpeh; wprk hasf“beeh' dohe,’on the phosphombnqesterasej_

S

'\3¢tiVitY' Qf" alkallne phosphatase‘ (17 18, 28)..'With“' the

~ cellular role‘ of general Proteln Ph°5Phatases’JeStabliShed -

"rphy51ologlca1 31gn1f1cance -6f’:humah alkallne phosphatase:{:ti
’happeared'-feaSIble. Reports hef‘hthe"lprotezn phosphatasef;ifu
,aeéivftYi Of ) bacterial and-' certaln mammalxan alkallnefﬁigﬂ
.bﬁoéphatases'i4-10) prompted the .need to" characterize thehiﬁf;

‘feposs1ble ptote1n phosphatase act1v1ty of the human enzyme.gA

I S

.v‘#v
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“‘ [ ! ' I" . v
The Thuman‘alkaline _phosphatases must function as a
‘.membrane—bound‘ protein. *»Thus, we studied the protein

phosphatase properties‘ of 1l§er ”plasma memhranes' of which

alkalxne phosphatase was an’ 1ntegral membrane proteln. Also,'
-

»

1f the physxolog1cal substrates of-the enzyme are present in

1

T the plasma membrane, ‘the membrane protelns must be separated
L R o ‘ ‘ R N
and 1dent1f1ed . o - R

- ¢

The aims of this study are to:
' : C o ’ o

1. Identify‘ and“characterize theu,protein phosphatase.
actlvityp @f;'humanfliver‘ plasma membranes nsing

‘phosphohistones. as the substrate-f”

2 Assess the role of alkal1ne phosphatase 1n the
dephosphorylat1on of: plasma membrane phosphoprote1ns, and
3 Identlfy the phys1ologlca1 phosphoprote1n substrate of

the membrane alka11ne phosphatase.

_4" : K
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CHAPTER TWO

EXPERIMENTAL PROCEDURES

R ]

MATERIALS

SChenicals and‘ biQChemiCéls~ were‘from either Sidma
iChemieal Co.h‘or Fisher Scientific Co. nnless othetwised
stdted vAIl‘treagents“‘used were’ of the hiéhest, purity
avallable. : l! L = e . L |

Chem1cals used‘ln the‘preparatxon of the polyacrylamide‘
gels were from B1o Rad Laboratories.. Ampholytes, agarose,
SephadeX‘G~25‘ and G 100 were from Pharmac1a Fine Chemxcals.'; t
DEAE cellulose was from Flsher Sc1ent1f10.‘ |

LY

‘[X 32P]ATP vas from elther New England iNuclear or

Amersham Canada -Limited' Nltrocellulose‘ sheets and7Whatmang?

I

‘33M,fllter .paper were obtalned from Fxsher Scientlflc and X-

n‘ray film and f11m holders were from Plcker Internat1onal, ‘

Calgary, Canada.‘

Unless otherw1se stated, the pH of-all buffers wasf
adjusted with HCl or NaOH solut1ons. Radlolabelled ATP was
added to the buffers from the stock solutlon supp11ed by New‘,dl
England to the appropr:ate ‘act1v1ty. All ‘experiments’wand@f‘

~ each’ ‘aSSay ’of these exper1ments were performed. at“.in}l‘

dupllcate.; N
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METHODS

Liver Plasma Membrane Preparation

This was performed as described . (18) with‘ some -

modifications. Homogenization of thé liver tissue was in 50

“7.5,. .25 M sucrose, 4“mM MgCl,, and 6.1 % (w/v) pmsr,.

Juntil used.

Alkaline Phosphatase Assay

'The assay;was‘performed as described (19) with the assay
‘ \ g

buf fer. .containing 1G mM-pNPP‘ and - 1.5 mM MgCDé in 1 M

2-ethylam1no ethanol, pH 10 3. The“rate of the reactlon was

monltored w1th a Varxan 2200 recordxng spectrophotometer at

‘ 404 nm and calculatlon of act1v1ty was based on a molar

%

-,

mM Tris-HCl, pH 7.5, with @. 1% (w/v) PMSF. The purified -

jplasma membranes were stored at —20 C in 100 mM Tris-HCl, pH . .

. absorpt1on coeff1c1ent of 187GG for p—n1trophenol (44). One |

ZProtein Determ1nat10n A‘f“

.unit of enzyme actlvrty corresponds to one . mol of substratem

mhydrolyzed per min.

T

Protein concentratlon was determ1n\d by the*methodfof

Markwell et all (91) wlth human serum <a1bum1n 1asgfthe,f¢ﬁ

present in the solut1on to ald 1n the solub1112at1on of the

A

plasma membrane protelns.

[0 NS

standard Thxs procedure was used s1nce 1'% (w/v) SDS”Qas'd



- Preparatxon of ‘the Phospbugrotein Substrates

1. 32P 1abe11ed hxstones. L H1stones (Type 1II S, lb

mg/nl) were 1ncubeted‘1n IGG mM Trxs HCl, PH 7 S, with 4
mM Mgch’ _Q.4 ‘de[3%RlATP1‘.5 /uM‘cyclic AMP, and qu}ie
‘AMP—dependent bovxne p:otein’kinase u(ﬁ 5 mg/ml);‘ After. 60
m1n .at 37 C, 109 % (w/v) trlchloroacetxc acxd solution was
added to the mzxture to a flnal concentratxon of: IG % (w/v)
The suspen51on was centrxfuged at SGOG X g for 10 mln and
‘the supernabant dxscarded. The preclpltated h1stones were
redlssolved ;n the de31red buffer and centrxfuged at 50@0 X
- g for '15 min to pellet“the undszQIVed prote;n.‘ije
Supernafent'solution was _saVed‘lend an _equalh volume of
diethy% etheb .added and mixedN.tb’~remouevuénxﬁgag@einin;
trichloreacet1c ac1d “The aquebus lefef COntaindng " the
'biStones uas renoved'andka‘adjusted:to bbe required‘ualue;

. 32? labelled Phosphorylase.ngL. -Wu3'7Rabbitj museie\

[ SR——

[phosphorylase ‘lél }.'ewes' d1ssolved : (5 mg/ml, finel"'

concentrat;on) 1n SG mM Trls HCL (pH 8 2), SG mM ‘;sodium |

glycerol 2—phosphate,“i_'mM [ PlATP "and 10 mM M9C12 (92).‘”” :

Phosphorylase klnase .(G 93 mg/ml) was added to 1n1t1ate the"""

lj]reactlon whlch was carrxed out at 25 C for 60 m1n. Theffﬁ3fﬁ

~
o

"*vreactlon th termznated by the add1t10n of an equal volumef

‘ of saturated' ammon1um sulfate and the protexn suspension

A

‘centrlfuged at SGOG x g for 15 min.‘ The prec1pitate was"‘

redlssolved in“the de31red buffer and chromatographed on ‘a
, : .“"‘ , .
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column of Sephadex G-50 to remove the salt. The column was *

‘equilxbrated with | and protelnl eluted by, 100 mM Trxs HCl)\
pH 7 S thh 4 mM MgCl, present ‘

oo

‘Purification'offPhospholipase'CII~

| , Thet starting material‘ for they preparatlon of
phospholipase “CII, ‘was obtalned from\ Sigma .(E; ‘cereusu
phosphollpase C P~613S).‘The lyoph111zed powder (5 mg) was
dlssolved ‘in 1 ml of 58 mM Trls ~HC1. (pH 7.6) wlth 10% (v/v)
, glycerol‘and applled‘to a column of Sephadex G~ lﬂﬁ (l x 30
cm),lequilibrated and.‘eluted ,wxfh vthe"above‘ buffer as
described (93) ‘As both‘fhe:nonéspecificwphospholipase C and
the phospholxpase Cifﬂeluted off the column together, the "
fractlonS‘{ (@. 7 mll ‘were assayed for " nonespeciflc

‘phosphollpase act1v1ty 'as‘ descrlbed (34). The fraCtiOnsv‘

; w1th this actlvxty were pooled and subsequently loaded onto:‘”

ot

‘.{.a column of DEAE cellulose (1 ml bed volume) whlch had been

equxllbrated in the above buffer. ‘The column was eluted w1th

Ca gradlent 'of NaCl (G l to G 4, M) 1n the stated buffer thh

l;,'a 1. G ml fractlon volume. The phospholxpase CII actlvxty was‘

5'determ1ned by . 1ts ab111ty to release alkallne phosphatase"
'lffrom 11ver plasma membrane5°'equal volumes of ‘the’ eluate and"‘

,plasma membranes (20 mg/ml) were 1ncubated for lS m1n at

'r“37 C. The’ suspen51on was centrlfuged for 5 m1n at lﬂﬂ 006 x

4 i" ,a Beckman Alrfuge and fthe' supernatant ‘assayed f‘r.
”'alkallne phosphatase act1v1ty as descrlbed above.lFract1ons~‘ul

'"‘fwh;ch\vhad phosphol1pase Cii. act1v1ty were pooled ‘dkj
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dxalysed for 24 h agalnst a buffer of 50 mM TrlSHHCI and 10%
"(v/v) glycerol‘ The .enzyme was 'stored at -~20 °c untll‘
reduired.“' B ‘ ~
o

Electrqphorectic'Transfer of Proteins . ‘ S

Proteins were transferred from polyacrylamide gels ento
‘hrtrocellulose sheets (Western Blot) as’ descrlbed (9S) The'x
procednre was, carrred‘oqt in‘aL“Transvalot‘ cel} (on Rad
‘paporatories)f The bnffer‘was ‘ZS‘mﬁ Tris-HC;, pH 8;3, w%th
0.192 M ‘giycine and 20 % (v/v) methanol and the biotting '
performed at 40C under a constant cu;rent of #.11 A ‘for 20ﬂ

Drying df~édlyacrylamdde Geis
Ma%“mhé geis were' soaked in ‘a> sdlutidnb ofz'SG ‘%d (w/vf.:

Nhhethandr, 10 % (v/v) QIYCGIOL, and 5 3 (v/v) acetic acxd for‘

lé*minL;The. gel was placed onto W1atman 3M fllter paper andff

5dr1ed under vacuum at 80 C.‘f

A
»

‘Colour Sllver Sta1n1ng of Polyacry m1de Gels o

v

*ﬁ> The slab gel (1 5 om’ thlckness) was flxed in a solution‘
“of SG 5 (v/v) ethanol and 5 % (v/v) acetlc acid fon 20 h,
;With“one' change of solut1on (96). After f1x1ng, the gel was
mrlnsed 1n delonlzed water three t1mes, each of 1 hL'The‘deI,
- was equ111brated for 3¢ ,m1n in. 1@0 ml \of 0 2 % (W/V)

solut1on of ‘sllver nitrdte then rxnsed once w1th wate: for@}‘

\

s
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20 s. The proteins are develoﬁed by a solution of 7.5% (v/v)

formaldehyde and 3% (w/v) NaOH. A

Two-dimensional Separation bf‘Phosphoamino Acids

[32P]Phosphate~1a5élled proteins were precipitated with

A

15% (w/v) trichloroacetic acid (final concentration) and
centifuged at 5668 x g for 1@ min. The K pellet was
resuspendéd‘in . 6M HCl and heated at‘l@@OC for 90 min (97).

After hydrolysis, the HCl was removed by'evapOration and the

sample Lyophilized. Standards of phosphoserine,

phosphbthréoniné %nd phosphotyrosine (S‘pg each) - were added

to the hydrolysate and 'the amino acids separated by a

5 -

AL

combination of thin~léyer electrophoresis and chro@gtography'

as described (97). The electrophoresis was at 100@¢ V for 90

min in .7.8% (v/v) formic acid and 2.5% (v/v)acetij@acjd on

a thin—iayer cellulose~chromafograﬁ sheet (Kodékj.& After

electrophoresis and air-drying of the éellqlose’éheet, the

a

‘chromatography was perfogqu‘in a mixture of isobutyric acid

—

“"and 6.5 M NH,OH (5:3 ratio). The amino acid standards were

4
visualized  with ninhydrin * [6.1% ~ (w/v)] and  the
{?E?]phosphate-fabelled ‘amino acid ‘gftermined by.
. = . ' . et ! v

?
“

aytoradiography: -



CHAPTER THREE

THE PROTEIN PHOSPHATASE ACTIVITY OF PLASMA MEMBRANES

It has.been shown previously tAat the plasma membfaﬁé-
bound form of human liver alkaline phosphatase has
significantly different kinetic and molecular properties
¢ompar ed fo the soluble, purified enzyme (18). The ﬁembraﬁe—'

bound form is probably tetrameric (21) and this may account

for the differen in its enzymatic properties. It |is
likely that a::::j;% phospﬁatése 'carries out its
physiological and biochemiéal roles as an.integral membrgqé
prbtein. i
Protein phosphatase§ are involved in enzyme regulation
b? reversible phosphorylation reactions (2;73)..-Purifiéd
alkaline phosphatase is a protein phosphatase (11) and
plasma membrane-bound alkaline phosphatase may also exhibit
this activ{ty. The plasma. membraﬁes of various eukaryétic
cells have both endogenogs protein kinase ' (80,81,116-112)
and alkaline phoSphatase ;aqtivities’”(98,99). These two
activities could work in conce?t to regulate tﬁe degree éf
membrane ptoteip pﬁéspho%jlation and controi certaih aspecté
of blasma membrane function. .
An endogenous préteinibhosbhatasg activity was identified

in human,‘liyer plasma membranes and .its’' charadcterization

will be described in this chapter.
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EXPERIMENTAL PROCEDURES

\

Effect of Inhibitors on Protein Phosphatase Activities

The effects of orthovanqdate,(l mM), levamisole (i@ mM) ,
phenyl phoéphdnate (16 mM), and KF (50 mM) on the" histone
phosphatase activity of purified alkaliﬁe phosphatase,
plasma membranes and,brogéin“phosphatase 1 were determined.
.The assay was pérformed with inhibitor .and enzyme in 4 mM

3

MgCl,, 16@ mM Tris-HCl at pH 7.5; >°P-labelled histones (5

2 [4
- mg/ml) were ‘added to start the reaction. A reaction time of
5 min was used to determine’ ;he‘pegcént inhibition of the
| : R .
phosphatase activity. The reaction was terminated by the

addition of trichloroacetic acid to a final concentration of

15 § (w/v) and the suspension was centrifuge@ at 5000 x g

V.

-

“for 1@ min. The. supernatant was added to 3 ml, of
sciﬁtillation fluid (Scinti-Verse Ii, Fisher Scigntif'c),to
determine [32P]phosphate jreleésed usidg an Isoca ¢ Model
6868 Liquid .Scintillation countér (Searle Anahyticali. |

& |

also used as' a substrate thbugh the effects of the

2P]Phqsphate-1abe11gd glycogen phosphorylase a was
o : e S
inhibitors were not determined. The assay was performed as
described for the phosphohistones .above, but ‘the reactfon(
time was 1€ min,

Ko
Y

Effect of pH on Protein Phosphatase Activity
" The release of‘[3ZP]phpsphate from phosphohistones by

"‘purified alkaline  phosphatase or liver plasma membranes was
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\

~

,:det¥rmined ih 4 mM  MgCl,, 166 mM buffer salt and 5 mg/ml
”32P 1abelled hxstones, with or without 10 HﬁM ‘levamisole.
_Plasma membranes (5 mg/ml pfotein, final concenffation)‘or'
purxfied alkaline phosphatase (0. 015 unjits of pNPP activity)
were added to xn}tiate the reaction of 16\Q:n duration at

\

36°C.

\

Ef fect ;g Inhibitors on the' Histone Kinase Activity of

Cyclic AM& dqpendent Bovine Proteln Kinase

H1stones (2 mg/ml) were phosphorylated by a cycllc AMP-’
: \

L

dependent b9v1ne protein klnase (13‘Pg/ml), with and without

inhibitors f? a reaction buffer containing 6 mH MgC12, 0.6

mM [32

PIATP \(@.1 Ci/mmol), 5 uM cyclic‘fMﬁ and 150 mM Tris-
HC1l at pH 7.5\ (112). Ihcubétion was‘aﬁ 300C for 36 min ahd.
\ :
the - reaétionxu was terminated by the addition - of
trlchloroacetlc\ac1d to' a f1na1 concentratxon of 15 % (w/v).
TRt

' The precipitate \was filtered onto a Whatman GF/F, filter, .
washed . 5 times\| with 1 ml voidmes' of 10§ '(w/v)
trichloroacetic ag§§§and air-dried. The filter was placed in

a vial- with 3 ml

cintillation. fluid for [32P]pﬁosphate

determination.

H1stones Kinase Act1v1§y of Human Liver Plasma Membranes

The activity. of endoqenous plasma membrane p:pteih,.

kinases was determxn d using h;stones asgvthe protein_
v;Substfate. The reactlon was performed 1n lﬂﬂ‘yl of reaction
buffer, 1.0 mM orthovanadate,' and 20. mg/mg hlstone with or.

\
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w;tbont 5 M cyclic”AMP; plasma‘membranes (lﬂ_/dq containing
10 mg protein/ml)‘ were added to start the reactionm
Incubatinn wash atl3é°C ror @-9¢ min and reaction terminated
by cboling the mixture on 1ce and 1mmed1ate1y centrlfuglng
it‘at ZG,GQG x g for lﬂ‘mln to pellet the plasma membranes
frnm the soluble hlstonesf The supernatant was removed, ‘the
‘histones precipitated by trichloroaceticf_ acid,  the
precipitate filteredl and Hwashed,‘b andb. [BZP]phosphate

incorporated determined as described above.

-

Plasma Membrane Protein Phosphorylation 'by Cyéfic AMP-

dependent Bovine Protein Kinase
Liver plasma membranes (5 mg/ml) were phospborYlated by

[N

a cyclic AMR-dependent bovine protein kinase (G;Z‘mg/ml) asy
described ‘with some moéifiéations kSGi. The‘phosphorylatibn‘
buffer was 0.2 mm [*?PJATP. (8.1 Ci/mmol), 4 aM MgCl,, and
160 mM  Tris- HCl, pH 7.5. Incubatidn”was at 36°C for'ﬂt?‘ﬁﬂ .,
~r:m1nﬁ Incorporatlon of .[;ZP]phosphate“;into' the,/plasma:
membrane‘proteins ‘Was‘determined by>ﬁtrichioroaq$ticf'aeid'
precipitationias were the effects ‘qf‘.inhfbitors ron the

bov1ne proteln k1nase act1v1ty as described above.

.Autophosphorylat1on of L1ver Plasma Memprane Protelns

« e

K Plasma membranes —(10 mg fg prote1n/m1) ; were
autophosphorylated us1ng the phosphorylatlon buffer, w1th or
'w;thout.cycllc.AMP (ann._The effects of‘xnh1b1tors on th;s,.‘



.Autophosphorylatlon
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Cactivity were also determined. Incubation was at 36°C’ for @

- 120" min._[BzPlﬁhosphate‘ incorporation 'was determihed by‘J

triéhloroacetic‘acid.precipitatibn»as described above.

o |
Effect of Phospholipase C

' Preatment on Plasma ‘Membrane

11

The’plasma membranes were. treated with the phospholipase

II followed by washing of ‘the membranes td remove 'anym

\

‘released alkalxne,-phosphatase. .Equal volumes of 'plasma

-

membranes\(ﬁﬂh‘mg/ml) and 'phﬁspholipase CII ,(Z‘Fg/mI) were

mixed and . incubated at 37°C. At regular intervals, 196 1

of the mixture was removed and ‘centrifuged at lﬂﬂ,ﬂﬁ@;x g

for 5 min. The supernatant was assayed for alkaline

-

phosphatase‘activity as described” above. Whenvthe alkaline

phosphatase enzyme content rema1n1ng ‘on the membranes has,

+decreased to 50 %'-X(as"compared to act1vity‘at startxof

ihcubatiqn);~ah aliquot was removed and the mixture cooled‘

“on ice followed by'ladditipns.of lﬁ vol mes of cold buffer o

d

glﬁﬂ‘mM Tris-Hél, pH ‘7.5, and. 4 mM MgCl ) The‘remain1ng:

membranes were further treated : unt11 “the alkallnef

s -

,phosphatase act1v1ty ‘of these membranes has decreased to 5%iﬂff
' and the react1on stopped as descr1bes"above. :fhe‘ plasma‘
‘fmembranes were ‘washed three t1mes' with he_ buffer ﬂahd“
’resuspended to a prote1n concentratlon of 10 mg/mlg,These'

plasma membranes -were autophosphorylated and [ Plphosphatevhﬁf

1ncorporat10n determlned as descrxbed before._'

®
.-
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_Dephbsphorylation‘of [32P1Phosphateélabe11ed~nLiver Plasma

Membrdne‘PrOteins :
Plasma membrahes *\(lﬂ ‘mg protexn/ml) : Wefeh
"eutophosphoryléted in the phosphorylatxon( buffer descfihed'

above except that 6.2 mM [,ZP]ATP with a speeific‘activity

‘ df‘2.6 'mCi/mmol was used.*?he miktdte'wasfihcdbated for 15
min at. 306C,“theh‘"noh¥radidlebelied ATP pids MgCl were |
added to a ffnal bohcentretion of 16 mM. Equal volumes of |
‘the'mixture were removed at appropriate t1mes and'the plasma
vmembrane protelns prec1p1tated with trlchloroecetlc ac1d and‘
the prec1p1tate " treated . a§ - descrlbed above ‘fdr‘
[32§]phoepheteIdeterminationﬁl' o l. I

hIn ‘enother proeeddte,"piaeha,' memhfanes ‘wetee‘
autophosphdf§f§ted u81ng the‘phosphb:yietion-Vbuffet‘with 1

.mM:orthovanadate .present. After ‘incdhétioﬂwet 36 C for 36

Vminifthe‘ plasme 'membranes were. washed three t1mes in 4 mM

MgClz, 1 mM orthovanadate and lﬂﬂ mM Trls HCl, pH 7 5, at‘t"

fv4 C and resuspended to‘ a flnal prote1n concentratlon of 5
'mg/mlf Dephosphorylat1on of the ”[ P]phOsphoprotelnS{Vwee‘f'
'11n1t1ated by the add1t10n of 5 mM (f1na1 concentratlon) (R)-,' ’

'( )eplnephrlne‘ wh1ch complexes. the orthovanadate. Equal

V’volumes of the mlxture were removed and treated ‘as descrlbedif*

7:abové to determlne the [ P]phosphate- re@a1n1ngtd h the

T plasma membranerprotelns.
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"“151m111ar, although the pure 'enzyme was’ more susceptlble toigjg

. RESULTS

‘

The effects‘of fluoride,‘phenylphosphonate,,levamiso;e

‘and”Orthovanadate ~on the ‘proteln phosphatase activity of

purified alkaline phosphatase, prote1n phosphatase 1" and.

~livetr plasma membranes are summarized' in. Table 1. - To

‘calculate the inhibition;values, the experiments were done

under conditions- aS”close ito initial‘ rates as possible,

usxng an 1ncubat1on period of 5‘m1n. The h1stone phosphatase

act1v1ty of these plasma membranes is 1nh1b1ted‘%y fluorlde,

phenylphosphbnate and orthovanadate,- known phosphatase

'1nh1b1tors (79 160 102). Levamxsole, a specﬁflc 1nh1b1tor of

alkaline phosphatase (103 1@4) and orthovanadate are. potent

x

inhibitors‘ of .the pNPP hydrolase act1v1ty 7ofA alka11negf

phosphatase;‘,“ but less ‘so of ‘its proteln ‘phosphatase‘»
| activity. The . reVerse”is true of KF and phenylphosphonate.l

tevamisoie4had‘ 11ttle effect on prote1n phosphatase l Nonef"'“

of these compounds were good 1nh1b1tors of bov1ne protein,»f

klnase (TABLE 1).3,

[ L. v
@,

aUsing'3?P-labe11ed histone as‘ substrate, the 1nh1b1t10niv

. profiies‘0f~ the proteln phosphatase act1v1ty f purlfied.n

; alkallne phosphatase 'and of the 11ver plasma membrane werefmf[

h a11 1nh1b1tors ‘(F1g.ﬂ4; TABLF 1). Partlcularly 1n the caseqfqﬁ
‘ of the pure enzyme, the dephosphorylatlon reactlons appeated';}ﬁ

to be b1pha31c,j w1th ‘a' rapxd ‘1n1txal rate‘;of proteln ’;f

-

lf=Ph°§9batase’a¢t1vxty.‘ Th1s may reflect the access1b111ty of‘ﬁw"

S Y
B



[32 P]Phosphote ‘;8|90;e-d' (% o( m@ximuin )

E T"“e (m"‘) -

" ~y

| Fxg. 4 Effect of inh1b1tors on mstone ghosphatase aCtIVIJ

"'of purif1ed alkanne phosphatase (A) and l1ver plasma

) ~imembranes (B) . 'rhe reactlon buffer wae 4 mM MgClz, |
| 32

"-'*and 5 mg/ml P-labelled h1stones in 1% mM Trls-Hclr

: f"pH 7. 5 Addxtlons were. none (O).,50 mM f1°°ride i

(I). 10 mM phenyl phosphonate (0), 10 mM levamlsole

(A) or 1 mM orthovanadate (A). .

L -";

.



TABLE 1. EFFECT OF INHIBITORS ON PROTEIN KINASE'AND

‘ ’Pnosm:m\sr. ACTIVITIES

K

Protein kinane .ctivity van dctcrmined in 0 6 mM [

6 mH HgCl .2 mg/ml hiatono-, 13 g/ml bovine

Aty

kinase," s,m cyclic AMP, and 150 mh L Tris-HCl,

‘Protein phosphata.e activsty‘wan determined uning

32

pH 7 5. Reaction‘ were initiated by adddition of cither'

protefh

pH 7 5

5 mg/m)

p-labelled hi-tonc. and 4 mM HgCl? in 100 mM Tris—HCl.h

e

enzyme or liver pla-ma membtanen. The reaction time was
N ° Vo 0

-S mxn.‘ ' ‘ .} ‘ ‘

. .
P]ATP.

i o ‘ ‘ i Inhibition‘
Activities dctcrm}ﬁed — —
. . Phenyl ‘Levam-.  Ortho-
KF (50 phosphonate isole vanadate s,
mM) (10 mM) (10 mn) (1 mM)
X
Hydrolysis of pNPP by - . 13- 47 - 9a. 97
.alkaline phosphatnle‘ o ‘ : .
. Hydrolytis ‘of pNPP by , 10 45 96 98
.. liyer plllma mem-~ U .
br-nes RN R ,
o”ho-phoryuuon of . SO B80. B2 84
~labelled histiones - . ' S e
v by nlkuline pho-phnta-e‘
Dsg o-phorylation of . . 45 ‘ 61 - o A 79
P= 1ab€lled histones. : L C o
by 1iver plllna mem= T -
: brancs ’ S R o
D!gl;oophoryut!bn of - 7 1. - 1S 75
-labelled histones - . : : R - o
, by protoin pho-phatnoe 1 A
, bo-phoryl-uon of his- 38 37 10" L
- ‘tones by bovine protein. | B N
kinase S o e, -
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the phosphoamiho“acid\ residues on -the" histones .to the
.phospnatase and/or‘ha "qggkeé of 3ubstrate hetérogenejtyt
Neyertheléss;‘it is blear. that‘alkalinejphosphatase infrts
.‘native plasma membrane envlronmeg; #s:.stili' capable nof
ﬂ«dephosphorylatlng * histone. 2&, ‘present . for | these
"experiments at“4 mM, \isp an"act1Vator‘;of‘ thep protein
| phosphatase actxvxty as well as the pNRP‘hydrolase actiytty
‘(28>. |
k}heh‘ph, profiles of the histone‘phosphatase actiyity.of‘y

'purified"alkafine‘ phosphatase and of the - liver plasma

membranes were similiar (Fig. 5)3;. bothi"aotivities - were .
. optimal at pH 7.5 - S;G.HAddjtion'of IG‘mM Leyamfsolehto the‘
"reactlon reduced the protein phosphatase activity iof’lthe'.‘
' plasma membranes to less than 22% at all pH values, and that |
‘of the pur1f1ed alka11ne phosphatase to less than 8%. Th1s

dlfference may be a. (reflectxon of the h1stone phosphatase

t .
Al

ao

act1v1ty 1n the membranes* that is levamlsole 1nsen51t1ve.:¢;,‘f

tThe histone phosphatase ‘act1v1ty' of membrane alkalrne

yphosphatase ‘is less sens1t1ve to pH than 1s the pure enzYme,

;at pH 5 G the membranes st111 have 5@% of the act1v1ty they

"_uhad at the optimum,‘ whereas the pure enzyme had only 15%

K The same »1s.true nat pH:xlﬂ.G,-although, the dlfference fsf‘
o e T e @ e R I

V*less.
the presence of orthovanadate to.f1nh1b1t the--‘f
‘endogenous proteln‘ phosphatases (TABLE 1), the 11ver plasma -

o,

f_membranes exhxblted a cyclxc AMP-dependent proteln klnase
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F1g. S Effect of pH on h1stone phosphatase act1v1ty of

_gunfled 'alkalme phosphatase -'(A)‘ and livet

- 5 mg/ml

’,»'plasma membranes (B).,The medlum was 4 mM : MgClz, L

32P-labelled h1stone and 100 mM buffez

',‘saltu;‘ Buffers ‘were: MES-HCl ( o ), MOPS-HCI

( ":); Tns-HCl 13 . )'_ and bxcarbonate ( . )-

No u&ubxtor (—) or 10 mM levamlsole (---) added



'S
iactiyi;y capable\;Ofvpnosphotyiaﬁing an ‘eXogenous protein
Wsubetmate (Fig. 6).vA}kaline phosphatase, although capablev
of hydrolyzxng free ATP ywxll not use ‘Mg- ATP as a substrate,
and indeed it is not even an lnhlbltor of tne‘ enzymen
'(28,43) Membrane protelns can also be phosphorylated by thei:
;Cyelie AMP—dependen; Catalytlcvsubun1t of boylne-‘protein
m.kinase ksié. . 7). Both: the ratg .andﬁ‘éhe ’degree of

‘phosphotyiafionbwas enhanced by ‘1evamisdle,°‘orthovanadate

‘and'phenylphosphonate, an effect ‘tnatfceuldm ﬁave‘resulted‘
from‘eifher-‘an act1vation of the kinase or an, 1nh1b1t10n of‘
rthe gprotein ‘pnosphatases. “Since gpe phosphory;atlon 6f

 histones by bomine pfdtein‘ kinase is. inhibited (and inot
activated)vby 'these'compdunGS” (TABLE 1);'it‘ieglikel§ that

Tinhibitfonmef' the endogenous membrane protein pnoephatase5¢1

n;iseresponsinre.“ | | o L

Endogenoue protein'ekinases a}so_ catalfzed ’;hé

'1ncorporat10n‘f0f [32Pjph03phafe from"f32P]ATP intO' thé‘

'

‘plasma membranes (Fxg.v8), thlS autophosphérylatlon was also

enhanced in the ptesence of 1evam1sole and orthovanadate.'a

vPhosphollpase c. select1ve1y cataryzes‘ the"release '6f[

_ II
“‘certaln enzymes ”1nc1ud1ng alka11ne phosphatase from plasma;f

1

‘ membranes';: (93)., Treatment _ of plasmar,membranes }w1th .

‘phospholxpase Cy /to release i the i’membrane  >a1ka11ne7"
'lphpsphatase,resulted-'ini f 1ncreased ‘ membranen proteln .
v'pbosphdiylatién (Flg.‘ 9); 'Thee 1ncreased [ P]phosphate‘f'

‘ ihgﬁrboration;seen'rmxs most likely due to decreased proteln""
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' Fig. 6 Histone kinase actlvxty of liver plasma membranes. :

'

Wt

The medlum was 1 mM orthovanadate, 4 mM MgClz, 20

mg/ml hlstones and a. 2 mM :“[‘3

,P]ATP in IGB mM
"‘TIJ.S-HC]. pH ‘7.5.‘ Add1t1ons were:\none (.).
plasma mepbranes ' only (A), plasma membranes and |
5 . /uM cyclic AMP (O), bov1ne protein kinase and E

~5- fm cyclic AMP .

A
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- E‘ig.4 7.The effect of inhibitors on the phosphorylation of

: plésma membrangE moteins by cyclic AMP-depehden‘t

! ‘bovmejrotem kmase.' The buffer ‘was 4 mM MgClz,

o

8 mg/ml membrane ptotem, 5. »M cychc AMP and 0.2

32 P]ATP in 100 mM Trxs-HCl, pH 7.5 (O).»Protem

i
kxnase (0 2 mg/ml) was added to start reaction. (®).

mM[

‘ .Th’e inhibxtors-‘were: 50 mM fluonde (0O); 10 mM
phehyf phosphonaté (I); 16 mM levamisole (A); 1 M

o'tth'ova-n'a‘date (a),
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[32 P] Phosphate incorporated
(%107 cpm/mg protein)
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Autophosphorylation of liver plasma membrane proteins

The phosphorylation was carried out in the puﬁfer gs.

described (0) or with the addition of S,FM cyélic AMP
(Q)} 5 /;M'cyclié AMP with 10 mM levamisole (A);

S /;M éyclic AMP with 1 mM orthowvanadate ' (A).
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“

Effect of Phospholipase C.. on fhe autophos-

phorylation'of membrane proteins;‘ The.plasha

membranes were treated wigh phosphélipase CII

‘to remove the alkaline:‘phosplhata.ase by 50% (A) or .
> 95% (@) and the membrane pro;eins‘éutdphos-'.
,phoryldtéd és described in ‘text. Plasma ﬁémbxaneﬁ
which wére not treated with the pho:f,pholipaseciI

were ‘used. as the control (O).
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phospahatase ‘activity from the loss of the membrane alkaline

" phosphatase (18).

To ‘further'investigate' the nature of ‘the inhibitor-
enhan¢ed'pﬁosphorylation of . the piésma‘ﬁembranes, it Qas
décessary to assess separately ‘the protein kinase and
phosphataée‘a%tivities. This was achieQed‘by the' use of
orthovaAadate, an inhibitortof all phosphatAses but notlof
bovine p;otein kinase‘(TABLE‘ 1. The {nhibitOry efféct of
orthovanadatg.céﬁ be reversed by (R)—é-)epinepﬁrine; This is
due to chelation of the. inhibitor by the amine (104).jP1asﬁa
membrane proteins, phésphorylated by endogenous kinase in
tﬁe‘presence of orthovanédate, sedimented and‘washed, were
aot dephosphorylated’ to Iany '~ appreciable extent
"until (R)-(—)epinephriﬁe was added (Fig. 10). Also thjs“
dephosphorylation could be inhibited by levamisole, thé
specific inhibitog of alké{ine phosphatase, or accelerated
by the additi¢n of purified alkaline phosphatase. Kinasé.and’
pﬁosphatése aétivitiés 'werevaiso ‘resolved' by carrying out
bhe‘bhosphpryiafibn of tﬁé. ﬁembrahé proteins with [?2P]ATP

‘then after 15 min, adding 1@ mM non-radiolabelled Mg[ATP].
‘ 3

Phdsphéryia;ion with [ 2P]ATP was essentially aﬁoli#héd and
protein  phosphatase activity can  be followed by

[32P]pho§phate release~(Fig.'11).'

Neither \purified"alkaling phoéphatase“‘nof plasma

"'membraneéuhad any activity towards glycogen phosphorylase;g,
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, Fig. 10 Dephosphorylation :of‘ 32P‘la‘belleﬂ- membx:‘ane i

| phosphopro,teine. Plasma membrane proteins were auto-

phosphorylated é described in text: At zero time :
‘(arrow), (R) ( )epmephnne was added. Curves are
(R)= (- )epinephrine only (O), or wath either 10 mMi
l‘evamls.ole (A),“ 01;; 0 5 u. 11ver alkalme “

phc;sbhataee eniY‘me (@) ; Control (A).
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';whereas' protein phOsphatase‘ ‘1 dephosphorylated this

. 'substrate but not pNPP.

" DISCUSSION

»

The findings suggestlthat‘alkaline phosphatase is a major

' protein phosphatasé present Jin the liyer plasma membranes,

“especially considering the faCt that a specific inhibitor of

the enzyme, levamisole, almost completely‘abolishes protein

[

.phosphatase act1v1ty. That7the »two activities are 'one and

'mjphosphoxn051tol 11pids. If the enzyme was attached to theﬂy.

fthe same is supported by the1r“similiar‘inhibitfon and pH

profiles.
TQe release of alkallne phosphatase from rat l1ver plasma o

membranes by phosphol1pase CII (18) suggested a poss1ble .

;relat1onsh1p between‘ alkal1ne phosphatase and the membrane”

‘plasma membrane by a covalent bond to the 11pid moleculeg
(47). it would epraln the release of an 1ntr1nsic membrane‘

hproteln,'by L phosphatldyl1nositol spec1flc phosphollpasej

.

',f(phosphol1pase C ) (18 21) .;5, Jemmerson et al (46)‘

‘fsuggested that human, placental alkallne‘ phosphatase ,js"

'hattached to the plasma membrane by a short transmembrane; >

'tpept1de sequence._ Also, the »1ntest1nal enzyme from rat may,fT

y'Qbe bound to the plasma membrane by hydrophob1c 1nteract1on‘

“ﬁd(105) and not by the type of attachment proposed by Low'f

ft(47). The release of alkal1ne phosphatase by phosphollpaseﬂqy

qul'Iendéf‘i“dirGQt evidence- that phosphat1dy11nosxtol may”ﬁﬁ



e
involved in 'attachment of the enzyme‘to.the plasma'membrane
but further work will be needed to resolve the 1ssue.‘

| ‘The 1nvolvement of calcxum and phosphoxnosxtol in the
mediation of certain hormones and neurotransmitters has been.

“ exten51ve1y researched (166, 107). ' Phosphotidylinositol‘
turnover has been shown to. be part of the cellular processes
taking place upon stimulation of the cellwﬁla7)‘and protein

‘Kinases includind‘protein hinase C  and c¢yclic AM?-dependentl
prdtein kinases .were activated-(lﬁG,lG?l. If -+ the intimate“

"relationship betseen the membrane alkaline phosphatase and
phosphatidy11n051tol proposed by Low and his collegues is/
‘correct (47), 1t would mean that alkaline phosphatase may be
'invo1véﬂ‘in. cell 51gnal transduction (106), possibly by\
cata1y51ng a protein phosphatase reaction._

’ The human liver enzyme can act -as a protein phosphatase

' as'ev1dent in our findlngs and 1t is ev1dent that alkalinev
‘phosphatase can,“dephosphorylate : the qulasma -membranef
'phosphoproteins (Fig. : 1@’11);1tl fj Therl Phy§i°1°9§93lsi
substrate(s)‘of the membrane bound enzymef‘may be-'plasmari

fmembrane phosphoproteins hénd 5'1n order‘ to determine the_*'

;l_fphy51olog1ca1 role Of ‘this enzyme,’,the“ substrate(s)i&of;;:,
‘alkaline phosphatase w111 have ~to, be identified requiring #1'

“the’ separation, characterizat1on and identification of- the;."
liver plasma membrane proteins.‘ The ;us. fof‘-purifiedp*ff

‘r:phosphoprotein substrates, as’has been employed in the studyy'_ﬂ

i.of other protein’ phosphatases (2 18 73), would_ealso beQ*
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important for further studies on the piotéin phosphatase

p:operties“of'élkaline phospﬁatasé;



e:“Gel Electrophores1s

CHAPTER FOUR .

‘THErPHOSPﬂéPROTEINS‘OF THE - HUMAN bIVER PLASMA MEMBRANES

Purified‘human alkaline phosphatase has beenvshown to
‘dephosphorylate'certain ‘proteiﬁs‘involved'in.thejoontrolrof
nceliuiar metabolism (9,18). in 'the gprevioas' chapter,y we
partially characterlzed the proteln phosphatase actlvity of
the endogenous plasma membrane enzyme and presented evxdence‘,
'that 1dent1f1ed it as alkallne phosphatase S |

Ptoteln k1nases as 1ntegra1 plasma membrane proterns have
.~been reported and certaln,vof ‘ the1r'~membrane protexn L
‘substrates 1dent1f1ed (8@ 83, llﬁ 112) . In this regard two—d

d1menslonal polyacrylamxde gel electrophores1s has become-anl

! 1mportant and powerful analyt1ca1 o t001‘ ,(1G8,109). inrr“
‘~th1s chapter, ‘we used th;s techn1que,, andeothers,“toﬁm
separate and character1ze | the plasma membrane prote1ns of
:human 11ver thatmare phosphorylated by .endogenous proternf

<k1nases.v "

v ... EXPERIMENTAL PROCEDURES

"hil One-d1mens1ona1 ‘N;‘g Tv, SDS-polyacrylam1de n‘del.q”

relectrophores1s was performed by ‘; mod1f1cat10n j°f:hthe_;h“~

method of Laemm11 (113). The stacklng gel compos1tion wasffffi

lﬁ'4,78%_(w/v) ‘ acrylamlde 5and*2.7% gw/v) b1s-acry1amide andhrij

T,
’
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)
1 .

the resolving gel was 7% Kw/v) ‘acrylamlde with 2.7% (w/v)
bis acrylamlde. Samples were prepared--as ‘described wunder

‘Plasma membrane proteln phosphorylatlon - Electrophoresis

‘was at 4°C and 30 mA for gel 1.5 mm thick (60 mA for 3 mm

'gel). The'éels were stained elther with Cooma531e Blue (l9)
.or -a dsilVer stain (96); For ‘autoradiography,'the 'gel was

soaked in 508 (v/vf methanol lG% (v/v) glycerol,‘and 5%

‘(v/v) acetlc ac1d for 15 min and drled under vacuum’ ‘onto a

s ‘filter paper ‘ The drzed gel was exposed to x-ray fxlm w1th'

’intens1fy1nggscreens (114) at -70 C and the exposed film

‘proceSSed in‘ a. Kodak X Omat processor; Rad;o labelled‘

' prote1ns separated were also electrophoret1cally transferred

to nltrocellulose sheets (94) and treated as descr1bed above

t
A

for autoradlography. ‘ I Y :
‘ U L T h&ﬁﬁ\;”‘\h“'

o ‘2. Two-d1men51onal e‘Two—dlmen51onal polyacrylam1de gel

/t .

i;electrophore51s waS\ performed by the method of Rub1n 7and«‘

“;‘Leonard1 (115) ln5a B1o-Rad Protean II cell ~Isoe1ectric

‘jfocusing'was performed in rod'gels.'(z mm‘ d1ameter)ﬂ‘castgr-;

fxwith 9 M urea, 2% (v/v) Non1det P~ 46, 2% (w/v) amphol1nesp

‘ :(1 6% PH. range 3 lﬂ 6 4 % pH ‘range - 5 8), 4%. (w/vldf”:

jacrylamde w1th 5 4% (w/v) ] b13-acry1am1de.‘,Samples jwéré‘“

vprepared for.‘electrophoresis fast descrlbed under "Plasma[:ﬁwﬁ

'ffmembrane prote1n phosphorylat1on : The gels were prefocusedn;fff"

’lfﬁat 1 5 mA per‘ gel unt11 voltage reached 4GG V The samplesﬁ

‘o . R vzl.
. . e -

‘i_h,were applxed and focuslng con*lnued at a constant voltagef}j~””m

'mifof 460 V for 18 2G h. Each gel was extruded from the glass*ffi



s1e

tute and "’ equxlxbrated in 5 ml (pér‘gel)l of.a '10% (m/v)
elyeerol,.zi (w/v) SDS, 5% (v/v) /3 mercaétoethanol, and.
'“625 mM‘urTris~HC1, pH" 6.8 (equxlxbratxon buffer). AThe
equlllbrated gels couldfbef stored at - -20' C‘ until usea.l
vElectrophoresxs in the‘secend dimensiom Was« performed‘,aS“
descrlbed (113 115).’ The slab gel dlmension was 160 mm x 30
"mm‘x‘ 1.5 mm for the stacklng gel and 160 mm x 129 mm x 1.5
‘&a for the resolv1ng gel.,d The equ111brated\ rod ‘gel ie”‘
‘ IaYered”onto the stacklng ‘gel with tracklng dye added [ 1%
v;(y/v}. bromphenol blue . in 10% (v/v) glycerol].| 
‘tElectrophqresxs was at 3G;mA, cehatant currunt, untii'the‘
,traeking‘dye reached to within 1 .cm of the bottpm of the
slab gel." Gels were 'staimed‘(silvér staih)vbr ‘drieé onto}
: fllter paper for autoradlography as descrlbed above. .
For Jthe determlnatlon' of 'molecularw ‘weights,  thd
. follow1ng standards were used' " mYosinu;(QGGvﬁGG),“ |
,;/9 galactosxdase (116 260), phosphorylase b (97 4@0)W bov1neﬁt.

-

H-serum album1n (66 GGG),‘ nd ovalbumln (45 Gﬂ).ye

: r‘v}t:.,‘

et S

"“Eﬁf1c1ency of Detergéht Solutlons 1n Solublllzxng;Plasma .

,@wit gembrane Protelns

A suspens1on of plasma membranes (24 mg protezn/ml) was'ﬂ-{,

“akmiXed w1thu an:vequal volume of detergent solut1on and -

'

'1ncubated at room temperature for S‘mln, Each m1xture (150.'

'l) was centrlfuged , at 25 OGG x g;.for: 10 min (Beckman't

aArrfuge) ~' the supernatant -aaYed,t The ;fampleg‘-were’t“

[



prepared for one-dimensional ‘gel eleefrophoresis ‘as.

'described under 'Plasma membrene brotein phosphorylation®

‘Plasma Membrane Proteln‘Phosphorylatlon "_‘~‘
| - This was ca;rled out in 100 mM Txxs HCl, pH 7. 6 4 mM .
mgé12; ahd' 0.4 mM (?PIATP as 'described '(Chapter'3f'
Cyciice‘ aMp (5 ‘);M)"was preSent as indicated. For. two-
dimensional electroéhoresis, the membranes were }1ncubated
for 15 min at 306°C and ‘the reactxon termxnated ‘by tﬁe}'

’ v

add1t1on of 4G/Ll of solubxzatlon buffer [2 $ (w/v) SDS 2.1
M dlthxoéhrletol and 9 M urea],' 25,FJ of‘lysxe‘supplement
.1‘18% (v(v)‘ Nohide;‘ P-40 and 2% (w/v) empHEiines; pﬁ raﬁgee
'_3—165'and~ lﬂﬂnfl.qf,lyeis buffer [2% (v/v) NonidetjP:4Q, 2%

" (w/v) ampholines, pH range 3-18 and 9 M urea) per 50 ul of

'

reaction mixtufe‘ .as described 4115). . The samples wefeu“ur

‘centr1fuged at’ 166 GGG x g for 30 min”end éﬁe edpernatené

e(SG to 70 g proteln ) aoplled to each 1soe1ectr1c focusxng

W‘gel as descrlbed above. 'W4 ‘I S

|  'v§or' one;dimensional gel electrophores1s, k#he  pfbteidﬁ
  phosphory1ation was term1nated by the add1t1on of an . equal‘

N’T:volumexof 'equxlibrat1on buffer, follewed by placxng the

e;sémpleSwin bo1ling water for 5 m1n.,Concentrated bromphen017 

L blue solutlon (5 ,uJ ‘,Q  added to each »sample naf

\gelectrophores1s performed as. descr1bed above, The -runn1ng"
”gxbuffer was 8. 1%‘(w/v)w‘ sos, a 192 M. glyc1ne, and e 025 M¢@'
 fHTt1s-HC1, pH 8. 2 (115). '



Amino Acid JSpecificity of the Endogenous Membrane Protein
Kinases. .

HiStones, plasma membranes and  a'’ synthetic kPePtgde
[poly(GluNa Tyr), 4 ‘1 Glu TYL S %6\|kDa (Sigma‘P~027S)I weref‘

'phosphorylated by plasma membrane  kinases . as described |
ﬁChaptef 3). Following the phoSphorylation of the lasmaw

32

U.membrane protexns with [ P]ATP the”‘ proteins “were

“hydrolysed in 6 M HCl for 68 min at 100 °c. The amino acids

[

. wereé separated and identified py two dlmensxonal thin layer:d
‘electrophoresxs/chromatography by the method of Hunter and‘ﬁ

Sefton (97). s o o ‘[ﬁ o
v ' ' ‘\‘ “ !

W1th histones and the synthetlc peptide as substrate,gt
the plasma membranes were removed by centrlfugat&on. The
histones ‘were treated as descrxbed above to determxned\the‘
"radioelabelled phosphoam1noi ac1d(s). Inr tne ‘case"of- the“

| synthetic peptide, 1t ‘was precip1tated w1th trichloroacetic :

'fac1d (15 % (w/v),, f1na1 concent:atlon} and the precxpltatev

4

3

treated as, descrlbed for sqgntlllatlon countlng to determineﬂ

32

% S
.(ll).‘ - i

“ e . . ' , y “ . .
‘-“.,-. . N ) .. . . ' . b

'ﬁtPlasma Membrane Llpid Phosghorylatgpn

B . .")A‘ .\<.‘.‘ .
Plasma membranes (5 mg/ml) were 1ncubated ;;the

e

‘Wfphosphorylatlon buffer f‘thh or* wlthout~ cyclic AMP asf '
descrlbed above,‘ and at the stated times‘n 160 /11 of the :

4"'

o P]phosphate xngorporatlon ‘1nto tbe‘ tyrosxne tesxduesf”a“

ﬁ:mlxture was removed and the protexns PreCIPltated by h”' ,
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addition oé 100 };1 of 25 % (w/v) trichloroacetic acid. A
chloroform methanol mixture (3:1, 2 ml; was addedito the"
proteln precxpxtate and mxxed (116). The two phases were
aldowed to partition under centrifugation.(lﬂ‘min as 5,000 x .
g) and> the’lower chloroform layer 'removed to determine

[3291phosphate content by scintillation counting. o -

)
<

. RESULTS

Separatxon of the plasma membrane phosphoproteins by qne-

vdimensaon slab gel electrophoresxs iff* the presence of SDS
- A
revealed the‘=presence of approximately- 25 proteins wupon

‘ Coomassie stainlng (PLATE I) In order to enhapce detection

~

of the ‘radxolabelled memhrane ’proteins,.we applied larger
sample-volumes. ( each conta1n1ng 1 to 1.5 mg protein) by

. usihg'Bf‘mm thick slab gels. However as these thicker gels

o

tenhded to - ‘crack on drying, + = we " decideg - to

’electropﬁorectically‘transfer~ the [BZP]proteins “from these

£y
[

gels prior to autoradlography. © The  time-course of

autophosphorylatxon of the plasma membranes showed the rapid

phosphorylat1on Qf three proteins with molecular weights - (as

4 .

. - T, y . ) : . .
determined by ' R, values) of 74, 45, and 36 kD (PLATE IIb).

f
,JThe 'autoradipéram of; the dried' gel also showedn these
membrahelphoéphoprotejns but with differences ‘ln their
intensitles as compared éo the blotted gel (PLATE Ila,b);f
e.The‘electrophoreﬁicf transfer of proteins is selective wirh

respect to size and charie-(QS)\and this may account for the

N
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| JFLATE 1 SDS-PAGE of Plasma Membrane Proteios. Membrane
? proteini Qere aﬁtophouphorylated as‘dgacribed in
text and resolved on gel electrobhprenis fo the
presence of SDS. Lane a: standard molecular weight
' Qnrkers; 1ane b: membrane proteins (Coonausié
stain); lane c: [32P]phoaphnte71abélled membrane
proteins (lutoridiogran). e

" (note: gel ¢ is not to same scale as gels a,b)




i ‘'molecular
weight (kDa)

time 5 15 0 a5 60 K s 15 30 _45 60
(min) . .

PLATE 11 nm:_-mua-___uw
Eoghuon Mesbrane proteins were suto-
phosphorylated and the reaction terminated at
the indicated ti-u by the addition of the SDS
solubilization buf!ar as described u text. The
proteins were separated by ‘301 olcctrophoruil.
vere either dried onto filter paper (a) or
clcetrophouttc.lly transferred to utroccuulou
paper, and were cutondioguphcd. The .ohcuhr
veights of the radio~labelled protein bands were
cnlcuhtcd from their lf values and are as shown.
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absence of ~ the 200, 100 and 32 kDa bands from the

autoradiogram of the electroblot (PLATE IIb).

I
procedure described by O'Farrell (108), the proteins were

solubilized by a non-ionic detergent for the first dimension

\
in order that the dete;gent would not interfere with the

native cherge of the ‘proteiné; We attempted to follow this
protocol but enconntered difficulty in solubiliiing the
plasmaimembrane proteins with“‘the lysis ,buffét (TABLE 2).
Other modificationsw of tnew two—dimensional‘procedure were

tried (169) and the, best buffer was dne proposed by Rubin

and Leonardi - (115) with SDS present (PLATE 'III, TABLE 2).
Despite the possible interference of SDS in the first
dimension, we believed that-the,increased resolution of the

two-dimensional . procedure is ' ‘'the. ' more  important -

consideration. However, the pI‘s 'ofhthe” membiane proteine
determined by this procedure«‘éannot'ﬁe' considered to Be
‘those of the native proteins. :
Resolutlon of the membrane proteins by two-dimensional
.gel electrophoresxs and'subsequent staining with a silver

*stain'technidue reveéaled the presence of over 86 protein

~

spots. * (PLATE IV).rk o . The | autoradiogram of _  the-

L]

32

- PJphdsphoproteins followipg '”twb—dimensionai gel

electrophoreéis‘revealed approximately 10 protein spots due

to the [3ZP]phosphate label (PLATE Va). The presence of two |

radiolabelled Qrote;n spots seen 'on, the‘ two-dimensxonal

Vo

peptide map when cyclic "AMP was not inclhded in the

-

¢ I

In the original two-dimensional gel electrophoresis.




PLATE 111
B - He-brane proteina ware treated vith an- equnl volume of a

olublli:ation of Plgg.g HSIDI!!! g;g;gin. by pg;g;ggn;g

detergent uolution (lee IASﬁE 2) and’ the aolubilized proteins

f“separated as described in text. Ihe lalples were electrophoreled ’
-and proteins vi-ullized by Coonn.tie ctaining.‘bane 1 repteaentn '

molecular veight ntanderdl and 2 ‘to T'reprelent samples treated

‘ vith the renpective detergent uolutionl as det;iled in TABLE 2.

A

[T
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. TABLE 2. EFFECT‘OF DETERGENTS ON TﬁE SOLUBILIZATION: OF

'PLASMA MEMBRANE PROTEINS

Lane Detfrgént buffer o + Protein solubilized

‘3 of maximum

2 }2% (v/v) Nonidet P-46 in 9.5 M 41 .
~ urea, pH 8.0

3 © 2% (v/v) Nonidet P-48 in 5@ mM N 35
phosphate, pH: 7 S i

4 I‘ 5 mM K2CO3 in‘9.5 M urea, pH 9.6 _ ,54‘
5 1 4MmM'CHAPSl aqueous solutlon C é5  i
6 "“’}% (w/¥) SDS in 50 mM phosphate,, 108
pH 7.5 o ‘ , :
7 23 (w/v) sos, ' 100 mM DTT and 9M  35 S

urea, pH 8 7]

* . o ) 4 v ‘ ‘ ‘. \
Numbers refer” to PLATE III



2 od dinénaiod

. SDS-PAGE -

' HE IERE T RPN SR
w0 5.0 6.0 ;7.0 . B0 . 9.0

i
'

npbarenl el

Put! IV mmwmmumumm th

: -ubnne ptotcin- vero upnnted by wo—dinnlionnl
’gel clcc:rophoruh u ducribed in tcxt. rhe
‘wlecuhr vcuhtc -nd pl'- are n lndicaud._‘l‘he

. origin 1- u tho uppur right corner vith the -node

- at bottom for thc SDS-PAGE nnd at lcft for IEP. _

9.7
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‘ o SRS . . | ‘é ‘ | :
o phosphorylation buffer . (PLATE Vb) ‘may be due  to the
-endogenous protein kinase(s) .belng of the .cyolic AMP-
independent' type or  due to non enzymatically catalyzed.
. N

[32P]phosphate binding (1on1c 1nteractxons),

The‘amxno acid spec1f1c1ty of the membrane protein

v_kinase(s)"was determined by acid hydro}ysxs of the membrane

phosphoproteins ~and . ‘phosphohlstones by the method of

-

Hunter and Sefton (97). The membrane protelns and hxstones o

 were phosphorylated only on 'serlne resxdues (PLATE VI);
phosphothreonlne or phosphotyr051ne am1no acid was detected'
Also, poly(GluNa Tyr) was: not a substrate for the endogenous

. e

. prote1n klnase(s) of these plasma-membre?es,

hburified a1ka11ne phosphatase when treated with a
'oyclic AMP dependent proteln k1nase had no‘.51gn1ficant'

'change 1n 1ts pNPP hydrolytlc act1v1ty (TAﬁLE 3). However, |

dn;‘we cannot be certaln‘ that Qhe a1ka11ne phosphatase was not/

’:phosphorylated at other am1no ac1ds other than the serine‘

’~"re51due at "the“ act1ve 51te' (31, 32); Plasma membranev; "

‘llp1ds c0u1d be autophosphorylated but the phosphorylation‘
' '

"mechan1sm was* not dependent ~on cycllc AMP. We have fnot

1dent1f1ed the membrane 11p1d substrate(s) or assessed theh‘¢§ff

ab111ty‘ofv these phosph011p1ds‘ to serve as a. substrate(s)1*
;for' ‘the membrane-bound : alka11ne _ phosphatase.‘ Lipid,;

syphosphorylatlon -reached ; maxlmum levels",after 30 m1n,

'_‘represent1ng approxlmately less than 5% of membrane proteinyuﬁi“‘

"."[3 P]phosphate 1ncorporat1on. The autodephosphorylation seen



. b vorc adtopho-p'orylanv t
'puunce (l) or abunce (b) ot 5 ,dl cycuc m
“for 15 -1n and thc nanplcu trcntcd nnd -cpnra:cd

".. ' ’ by tvo-dincnsioul gcl clectmphoruh n ducribcd
L _.‘1n tex;. l-'ouoving clcctrophoraiu. tl\e nh were

dried under vacuu- onto filter pnper and [ 2?]- ‘
'ltpho-phoproteinu dctcctcd by lutondiography. ‘rhg

i ;sell are. oriented u for PLATE IV- R

. ¢ o




TABLE ‘3. EFFECT OF CXCLIQQAMP‘ON THE HYDROLYSIS., OF pNPP BY,

MEMBRANE—BQUND‘AND PURIFIED. ALKALINE PHOSPHATASES

Inc'réase in activity - -
‘ ,Cy'cll'ilé AﬁP (pM) o ‘}"Meinbféne'énzyr_ne : ‘ purifiéd }enzym‘e"
. N ‘
1 7.3 ° | ~ 1.2
5 19.3 7.5
1w o o 1ed 17.8
20 o ‘: . rL.4 - - 24.8
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PLATE VI ‘Autoradio‘ra- of . ‘32P Phos‘hete¥iebe11ed”fhoe'hbeni 0
-“.~Jgg;n;\ Plen-a membrane vroteine vere eutophoephorylated
folloved by acid hydrolysi- as de-cribed in text‘ The e-ino
“_y ‘ A 'wf\'acids vere eeperated by. a two-dilenlional technique and the
[ ? 1;t o 32P]phouphoe-ino acid detected by lutoradiography.\ The

" dotted. linel lndlcate ‘the poeitlon of the phoephoaeino ncid L
The anode 1. at. the I

.‘:!ftutanderde an vlaual!zed by, ulnhydri
v“-iﬁrlsht for ‘the’ thin layer electrophor sis. e

‘) . 5 Y : )
. . - B R . .
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with' the membrane ' phosphoproteins ~ was  absent; Yipid

'phosphorylapion was not ﬁeversiblea~

'DISCUSSION:

‘We found, 'as(pért of our effonts“to dete;mine “the L
physiological fole of human alkéline phosphatasee, that the\f
Co o ' ‘

liver plasma membranes exh1b1ted both proteln kinase and

~protein‘ phosphatase actlvltles (Chapter 3), ‘and  that

membrane alkallnq phosphahase was the majofu protein
phosphatase present. . The. plasha membranee‘t were
phosphorylated by endogepous{cyclic AMP-dependent ‘ptotein

;klnase(s) o wlth at lleast | §eVen‘ pfoteins rapidly

inco;poratinékfthe [32P]phOSphate laoel (PLATE II).
Considetiug the resolv1ng power of two- d1men31ona1 gel

electrophore31s {(198) and ,the‘ sen51t1v1ty of isotopic

(

tlabellxng ‘foi' mthe detectxon of rthe membrane protelns

:(108,1@9), we ‘expected to be able to compar'uand poss;bly
I o S ] ) )
' ‘ccOrreiate‘\the radioactive"pr05e1n" bands - of thej ‘one-

B d1mens1onal autoradlogram  to fhef‘ spots ~of " the | tio-

: d1men51ona1 autoradlogram (PLATE I 11 Va)._“’HoWevet; the -

,autorad1ogram uoﬁ f fhe" phosphoprotelns . following £w0bl’

N L

T d1mens1ona1 gel e1ectrophoresis,d1d not reflect the expected
' Co

' .,results (PLATE Va). | The small number of radioactive spots'

shown'by the two—d1mensxona1 method w1th respect ",&he

'?[32P]p osphoprotelnS‘:is.[ probably due : lower proteinl

:load1ng capqc1tyA off;the~ 1soe1ectric focus ng gel, ‘a ﬁ‘ﬁfff:

?increased dllutloﬁj_factor, and loss of protein during gel
. ! {l“’ o - ’ L . ) ‘
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equillbratlon between d1mensxons (109) Another‘factor may
'be the dephosphorylation of. the [ P]phosphoprotexns by the
.alkallne phosphatase ‘which COUIG still be active even in the
pfesencea/of SDS ,(l9)._ The autoradxogram of protexns"
tollow%ng two—dimensional'gel‘separatxon showed,the presence 5
of protein spotshof simlllar molecular-weightsh(ﬁtATE Iy).
‘These proteins ‘apparantly have simlliarumolecular 'weights

\ oo

but dxfferent pl's.
. ) ' /

l oth plasma membrane proteln phosphorylatlon (via the

"protein kinasesf and alkalxne phosphatase"actlvxty,'were E
"-act%ated by - cyclic. AMP (VT‘AIBLE 3).  The protocol for' |
the autophosphorylatlon ‘ of’}the" plasma membranes also
resulted in ‘membrane lipid phosphorylation but this was_not"
cyclic'AhPAdependent: | Farhas ét'é;‘(ll9) has reported the'

stimulation‘of lipid phosphorylation inyplasmafmembranes of

oo o

pig granulocytes by cyclic AMP-dependent protein k1nase.
.Cycllc AMP appears ‘to. be 1nvolved in many cellular processes

“and further studles on 1ts role in plasma membrane prote1n

B

gffunction are needed
Other workers have reported the phosphorylatlon of ‘
gplasma membrane prote1ns by endogenous prbteln k1nases (8&-"

[faz 111 112). In. human platelets, it was . proposed that the

'granular secret1on . may“involvé'the phosphorylat1on of ia:‘
‘uspecxflc : membrane ' protein (81 82). v As‘;seend'in’[the‘H

1autoradlogram (PLATE ‘IIb), the relatxve 1ntenslt1es of the

Py i

| ffrad1oact1vxty of the proteln bands suggest that the 74, 45

and 36 kDa protelns account for greater than' 7G§,of,4

vv‘ 4 ..‘ '- L
\ IR
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o

to;al;(BzR]phosphate .inéorpopqted in the membrane.protéinsm‘ ‘
We have ' shown that alkaline phosphatase can release greater
s ' 1 ' ' . ) Wy

tﬂanﬂ.75% of Ehe 4«[32p]pho§phate‘ iébel'.”from‘~membranei

Y v

‘phbsphoproteins (Chabter '3) and these . three ‘prominantly“

jfadio—iabeliéd pfoteins‘ﬂ(PLATE‘II) may be the physiological

>

substrates of the endoéenous alkaline ' phosphatase. . ' The
. _ I o vt .

‘alkalihe phésphq;asés"may play . an ihpdtﬁéht ‘rple "in -the

'

. modulation pff the phoSphoryiation: state of"the §iasma

’

membrane proteins.

L

)
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'of'cellular metabolism and afmajor .mechanxsm for th1s im

’T”Tmed1atxon of“

CHAPTER FIVE

GENERAL DISCUSSION

'a
-

]

: : N
The liver is the, largest organ in the human body and it

-

' . . C . *
performs many diverse functions; it is the site of plasma

v

"proteins and ‘carbohydrate synthesis,‘ of lipid metabolism,

- 4
and of detoxlflcation and hormone ‘metabolism (129). The
,1

hepatocytes represent approxxmately 60% of the gross mass of

L

-

the 11v7k, and their funtxon and that of the entlre liver

is depe?dent on the -integrlty and ,act1v1ty of the plasma.

memnrane“and the cellular.proteins (129). ' .
'They'objectlve of Ehlslstudy was to eyaluate the protein.

phosphatase activity of~human yalkalxne pécsphatase as a

. ) S

pcseible physiqlbéiéal fJnctxon. The lephcéphqmonoesterase

-
v
:

. « o N T
property of. human alkalxne phosphatase (17) is well

'

characterlzed but the natural’ substrate(,) of ‘the enzyme, -

\\'
[ B
, .
.

Lo . N .

temalned unconf1rmed L P

~ The xegulatlon of enzyme act1v1ty 1s an 1mportant aspect

~

' l

« i

"';‘eukaryétes ‘15 that of rever51b1e phosphorylatlon of the key R

» Ky

enzymes 1n ‘a pathway (73). The 1nter relat:onshxps between

" N N ty s

prgteln klnases and prote1n phosphatases iéﬂv

cyclic AMP;‘;
. '-31-\'

'111ustiated 1n"F1gure 11 (73). i The act1dn of cyc11c AMP

and} the ‘ cyclic AMP~dependent ’proteln klnases in_ the
“ihormonal and neural signaié, reflect the‘

RN R PN - . ’
1mp0rtance uf tevex31ble phosphorylatlon 1n mod1fy1ng enzyme

,.
-
17

k

]
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' doringl cell

oY

activity and ultimately cell function (74). Glycogen
metabolism (2), fatty acid synthesis (73), muscle

contraction (83), platelet activation (82,83) and neutrophil
. . ) f

function (187) are-all, in part, cohtrolled by protein
phosphorylation. 9

Cyclic AMP-dependent and -independent protein kinases

phosphorylate their proteih substrates at specific serine. or

S ® : . .
threoning residues (2,73). Tyrosine-specific protein kinases

have also been reported . (4-7) but’ phosphorylatioh of

%

Jproteins at %ygosine;;esldues generally tended to occur

B

proliferation, '~ differentiation and

transformation (4-7). Also, the ﬁytbSine protein kinases

\ [

were mehprane—bdhnd "enzymes as were their putative protein

substrates (121). It has been' reported ’that alkaIine

phosphatase, also a membrane bound enzyme (18), can act “as a

phosphotyrosxne prote1n phosphatase 1(8) " due to.f,its

o

apparantly greater aff1n1ty for phosphotzrosxne with respect'

N

to e;dher phosphoser1ne or phosphothreonlne.rHowever, others

have argued that, alkaline phosphabase is. not a ' tyrosine-

PR

spec1f1c prote1n phosphatase in vxvo éug to the laek of“

uphosphatase inb‘bitidn‘ by EDTA vih cellular extracts (122),

the essent1a1 v requlrement ‘fOrj Ezﬁzf'

1
N

phosphﬁtase sensitxve to 1nh1b1t10n by EDTA (Chapten 3).‘

s IS
P d

Thls 1s nothconc1u51ve sznce other protein phosphatases oy

' have 'mebaI catfon-'requ1rement for .act1v1ty (2). Pur1fied

I

‘Fﬂ and membranenbound.»l1ver alkal1ne \phosphatase i?hbwed _no

[N -
. AR Y { .
\ L e ~~.‘_- D c.

| renders "alkalinep

'. a b@gtlcular phosphoamino ac1d (18)
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YA

jormone AP
Hog:\on?l L Adenylo'e — U
Neurotransmitter ™ Cyclose c.AMP :
AP ¢ ADP
Protein
" Kinase

Protein Phospho-Protein
.o - ‘ »

Protein ~ ° )
Phosphotases

Flg.'12 SChemat1c of the telatxonsh1p between cycllc
AMP, protein kxnases and proteln phosphatases

‘ (taken fxon ref 75 ).,
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and the enzyme can act Bn proteins‘nhosphorylafed at either

‘serine, threonine or t?bsine residues (8-11). Further work

~

on this aspeet of the enzyme will be needed; brobably with

the use of purified phoéphoprotein subsfrates, in‘ofder to

resolve the question. of the tyrosine phosphatase property of"

N

'alkallne phoSphatase. ) .

It wouldkseem that protein phosphatases essential in a

reversible phosphorylation mechanism would also be located

in the membrane for controlling the phoéphorylatiohﬂstate'of

the membrane phosphoproteins. Thxs may ‘explain why‘protein
AR} . '

kinases are . jimportant components of mammalian plasma

membranes (80-82, 110—112)4 It is nof understood what role

membrane prote1n phosphorylatlon .may have on the functxon of

P . //

the plasma membrane in wvivo but it “is - likely alkalﬁne"

phosphatase is involved through its aBillty_ to‘vcaYaine

prote1n dephosphorylatlon.

i

The‘ role of .lea11ne ‘phosphatase _in’ tiséue

F

.

mineralizatiOn‘has ‘been debated at length (36 42, 71 72).,‘

However, it -ie diffieult .to. explaln why the enzyme is also,
'found in non-calc1fy1ng tlsShes (4}‘§4)‘ unless alka11ne

phosphatasefacts .as a prote1n phosphatase in these tissues.,

fThe.; enzyme;'-'w1th 1‘its; ab111tyf to . hydtolyze' both -
’ phosphomonoesters “and phosphoproteins . and to carry “out

. phosphotransferase reaetions (11, 17), may be expressing

-

d1fferent act1v1t1es depend1ng on its tlssue loca11zation.;k;ig]f

. There were o lxver piasma membrane ptoteins

énospherylaged_ by ,ﬁtﬁe' endogeno i

: L] . h ‘ .

prote1n kinases _abaf

I
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alkaline phosphatése .was shown to be .capable of acting‘on

'theSé membrane phbéphbproteins;‘Also,‘it is very likely that
fmbsf of | the meinbrane phosphoprdteins can be the
bhysiological substrates ‘bk'i the membrane alkaline ™
phosphatase. Further qhargcté:izatidn of the physical and
biochemidalAprbpefties of thesé membrane phosphoproteins and

‘ their possible purffication‘ .would be .needed;'It is hoped‘
that thé ‘éresent study has proviaed an ihsigbt for a better
understanding of . the physiplogiéal iﬁpotfance of the human

liver aikaline'phospﬁatasé.‘
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