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- ABSTRACT

_ ‘ B S

The roles' proposed for alkaline phosphatase in
g phosphate‘transport across membranes, ossification'ofmbone
tlssue and: removal of pyrophosphate from nucleatlon 31tes
iﬁ the matrlx of the bone,as well as 1ncreased serum
enzyme act1V1ty in varlous dlsease processes,justlfy
research actlvltles that have been dlrected towards its
"purificatiOn and characterization ‘The presént study was
undertaken to. purlfy human . alkallne phosphatases and to |
study- certaln propertles of the enzyme. |

.&. a Alkalxne phosphatase was extenslvely purlfled
from human liver tlssue and partlally purlfled from human
:bone, 1ntest1ne and placenta by butanol extractlon, ion
'exchange chromatography, gel permeatlon chromatography,
‘afflnlty chromatography and ammonium sulfatejfractlonatlon.A

The ‘use of afflnlty chromatography w1th concanavalln A- f

Sepharose was developed to purlfy alkaline phosphatase

'-ﬂ The enzyme from the llver was purlfled to a speC1f1c act1v1ty

of 480. U/mg proteln and was estlmated to be 75% alkallne

e phosphatase proteln. The exten51ve1y purlfled llver _ .bd

.alkallne phosphatase was electrophoresed on: polyacrylamzde Ll

.dlsc gels and found to be essentlally pure. w1¥¢ the E}ngle
band of enzyme act1v1ty 001nc1ding w1th the maJor baﬁd/of

protein revealed by Coomassie Blue stalnlng., Stablllty
o S )\ S A
»;studies were carrmed Out to determlne the most favorable

Ly _;



storage condltlons for the purlfled alkallne phosphatase

&he purlfled or partlally purlfled lsoenzymes
from llver 1ntest1ne, bone, and placenta were subjected
to 150electr1c focu51ng on polyacrylamlde dlSC gels in-

order to determine thelr 1soelectric points' in relatlon

o to the 1soelectrlc p01nts of the components found 1n normal

| and pathologlcal sera. The focusing technlque was found

to be superlor to electroph04e51s for the separatlon of
the four 1soenzymes of alkallne phosphatase Eolyacrylamlde
dlsc gel lsoelectrlc focusrng was used to' determlne the
follow1ng 1soelectr1c p01nts ‘ llver tlssue -‘4 0; llver:
‘setum - 4 2; bone_- 4.3, 4. 4 4.5; placenta --4 3, 4. 6;

(k N

'1ntest1ne - 4.7, 4-8 . | o ,: »
o The purlfled llver enzyme and apprOprlate S

‘fstandards were subjected to gel permeatlon chromatography

*

.and sodlum dodecyl sulfate dlSC gel electrophore51s aqd
:uthe respectlve molecular welghts were determlned The
lapparent mole ul r'welght;was found to be 220 000 (range
,:.199 000 - ZZGQEBD) daltons and the subunlt molecular
- ’weLght to be 76, 700 daltons. ’ t . o .

. o AN \-\ I L *,,ﬂ,

The relatlve spec1frc1t1es of the 1soenzymes for

;four substrates w1th dlfferent chem1ca1 coMposxtlon were
-alnvestlgated The Lsoenzymes were most actlvé\tojards"l'“i

'-p-nitrOphenyl phosphate, followed by B-naphthol phosphate,_“
‘ frs-glycerophosphate and phenolphthaleln phosphate._:y7




Experlments on heat stablllty of the 1soenzymes were
carrled out. Bone was least stable ‘to eat, placenta and -

,1ntest1ne the most stable and ‘liver was modcrately heat

tt_,§.table.

The llver and bone 1soenzymes were treated ‘

with the enzyme neuramlnldase to cleave the termlnal
‘51a11c ac1d re51dues. The de51alated 1soenzymes were
shown to malntaln full enzymatlc actlv1ty De51alatlon :
vresulted in changes in the 1soelectrlc p01nts to 6.6 and
6;8; The de51alated 11ver enzyme had an apparent molecular -
'welght of 188,000 (range. 175, ooo - 193 000) as determlned
by gel permeatlon chromatography on Sephade& G—200 |

.
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<
{
5
i y N 3 . N . ‘v et " . - .
. .. . L. - . : - ) .
® “ * ' ., - . - ‘| - - :

o



"TABLE OF CONTENTS

CHAPTER .' o e . paGE-
1. REVIEW OF THE LITERATURE...;.;.;..ﬂ..7.;;.,...“.h1
A., Type of Acthlty and Reaction. Catalyzed _ | ,
- by-Alkaline Phosphatase..;..y...,h ....... 1N
}l, Monoesterase Act1v1ty /(f;:;v;.;.;x; ',;'
2. Transferase Act1v1ty...;;F;.,.;.,.}.} ,ei
- B Dlstrlbutlon of Alkallne Phosphatase..Q;. ':3
1. Wlthln the. Tlssues.,;.;; ....... :.(,.; 3
é,; Cel]ular Locallzatlon' A ...{,.;,.f..i K

- C. Methods for the Purification of. Alkaline W

PhosphaLase.J..u.,..,,..5..............:. ;“4fo
‘lﬁy)Butanol Extraction Procedure.,.;f.l.; 4.4¥
12; 'Trlchlorotrlfluorethane Extractlon '
" Procedure. .1..,, ...... i . o5
L '3;thsoelectr1c Focu51ng Procedure..;.;.,>,'5

é,f_Afflnlty Chromatography Procedure ,A"6

';D; Propertles of ‘Alkaline PhoSphatase .....{ 1‘8‘

1. Phy51cal Propertles.;,..ug.;:;.f.L.;.. 9
w, , _ :
(a) Measurement of Alkallne Phosphatase
a ACthlty..o’,'...-..,.--.o.o-_.-.¢o..‘.
'fkf: :%_'-( i), Assay Technlques '.,;..{. ‘79‘f
A J (ii) Substrate Spe01f1c1ty and. the
' r'y,»,,»IJ " Effect of the Composmtlon of «
~'°(» the Buffer on the Assay.....“ 10 -
i S
h (b) StrUCture and Molecular Welght of .,

' 7 ‘ o . Alkallne Phosphata&e .A‘n . -- . .t‘o °le v o 8’ i 11 .
L | (c) Slallc Ac1d Comp051tlon'and the !
LT '*',., ‘Iseelectric Points of the Alkallne o

o Phosﬁhataee Isoenzymes ceevenn 120

Cviid




¢

K

(d)  Kinetic" Propert;es of Alkallne

- ‘ o Phosphatase..;..

{e) . Metal Ton Effects*on Alkallne

- ‘ ‘,Phosphatase...;.

2.0 Electrophoretlc Pro

Phosphatase

(a) .Electrophoresis.'

(i) Cellulose Acetate and Agarose,

perties-of~ Alkaline

(11) Polyacrylamlde Gel .(.;,

. (b) Isoelectrlc Focu31ng.., e -

3. Effects of Mlscellaneous Treatments

Ka) Neuramlnidase Treatments.}..f...
(b) Trlton X-100 Treatments.;.;{..;.“
:(c) Heat Treatments RRREREPY ﬂ.
~;i 4. Aggrtgatlon of Alkallne Phosphatase
4.8;:Functlons of Alkaline Phosphatase Iso-
BNZYIMES . o vvi et ceeeaaainn,
f‘l.;_Intestlnal....;...;.;.:;.;.;.L...,L;.
2. Bone..,,:;ag;;.;.;.w..i....,.....{...
- :23" Liver ‘and Blle..,.x;;.;y... Ceevaan
‘74;f~P1acental_..l.;;s.;;. ;’ﬂ‘s"F"‘f"‘

'on Alkallne Phosphatase

B F;-Isoenzymes of Alkallne Phosphatase......,ﬂ

1, Use of Alkallne Phosphatase Iso-
' enzymes 1n DlagnOSlS

'}2; The Regan Isoenzyme.,

-0.-.0.---0.0000

Oontu.‘aoodcoo.l

- G. Escherlchla coll Alkallne Phosphatase..,u

i "MATERIALS AND METHODS

) ..]H..>_ -

cvu

Cw

13

13

15 -

15 .

| '-16_'.*’ o

17

’_‘17' .
‘18
: _.‘20'

2
| | 2_0 |
: 21
22
o2

22

22
24
.25

28

'..l‘..l'........l...l."
. Bl



,C'l

D.

A: Source of‘Maéerials....L...;........J
1. Chemlcal Compounds...;..r.......;_

2. Instrumental Equlpment ...... e e :

Phosphatase........ IEI RITIRIPIP

B Purlflcgslon of Tlssue Alkallne‘

1. Preparation of the Tissue for

Extractlon.................a...;..
(a) Liver......;;: ...... .,..;{...sg
A(b) Bone J.;;u.l ....... ;.,.;;..‘
(c) Placental .......... . ..
(d) Intestlnal ............ Veeodt
2. .Homogenlzatlon and Butanol ‘
Extractlon .,....,.7.r........,..
3.(‘Acetone-Fractionatioaf..;f..,Q;..

4.r»Ammonium‘Su1fate Fractionation”l.

:5; DEAE- cellulose Ion Exchange ‘
Chromatography.r,...,.,, .........

6. Concanavalin A- Sepharose Affinity
: Chromatography .....r....,...,..

7. Sephadex G-200 Gel Permeatlon ,
_Chromatography ......... eecienaa

8. Ammonlum Sulfate Fractrbnatlon II
Proteln Determlna../ﬁlon o. PR o'.- o ' e e o .' ou s e n;
.Enzymatlc Assay for Alkallne Phosphatase

'Isoelectrlc Focu51ng of Alkallne Phos—i ,
-phatase on Polyacrylamlde Gels ceden.

11° Gel Preparation and Composition
a Of the BUfferS-.'.........‘..V.,....

2. 'Electrofocu31ng Apparatus ..;....

- 28

28

29

29

30

30

31

31

i

32

i3

34

36

4

37

- 38

38

38

39



) ,H.

L.

H»IM

3. Gel Preparation and R&gnlng \Q
s Pro edure.t.a...‘..;...u..ﬂ ......

o A,F,Removal of the Gels from the -
Runnlng Tubes..; ............ e :

‘Polyacrylamlde Gel Electrophore51s ......
.Molecular Welght Determlnatlon by |
- Sodium Dodecyl Sulfate Gel Electro- :
phoresis........ G e sete et et et st een e

5 Polyacrylamlde Gel Stalnlng..., .........

1. .Stalnlng for . Alkallne Phosphatase
'~ Activity...... Ceee e Cetere e

2;3‘Staiping for Pretein..u.{f.; ...... e

3.. Stéining'for Protein on- Sodium Dbdecyl

‘Sdlfate-Gels.s;,,;..,,....,;,f..,..L.
4. Staining for Glycoprotein w1th PerlOdlC
,-Ac1d Schlff Reagent....l ........ R
 pH Gradleng Determlnaxlon.............;.'
 Sephadex G-200 Gel Chromatogrdpuy for
'Molecular Welght Determlnatlon.; ..... “ e
' Stablllty Studles of Alkallne Phos-
phatase under Varlous Condltlons ..... Cee
»Alkallne Phosphatase Substrate
Specxflclty Studles ..... s e e
1. p-Nltrophenyl Phosphate...,; ..... e
‘2; B-Glycerophosphate...;;;..,.,.,.;.;{.

| 3. B-Naphthol Phosphate... ;..g;.i{;...;

4 Phenolphthaleln Monophosphate........'ﬂ

Determlnatlon of ‘p- Nltrpphenyl

R Pﬂosphate . ;......................;:.

N,‘

of Alkallne Phosphatase.;...............

oxd

Heat Stablllty Treatments of the. Isoenzymes o
54.

40

41

42 .

44

44

45

46

“

48

49 -

52

52
. 53

53

53 . 'u.



SIII.

Iv.

-

STUDIES OF ALKALINE - PHOSPHATASE
,DISCUSSION...o..-000..'.00.0

A,

2.

Neuramlnldase nggtments of Tiver and

Phosphatase----f--A---e
1.

POlyethYlene GlYCOl... . o- . ‘o . a 0’. o6 0000 v
2. ‘ S

Membrane Concentrators-

> Bone Alkallne Phosphatase-: -----------------
PURIFICATION OF ALKALINE PHOSPHATASE ‘ RESULTS
AND DISCUSSION- « v s v o S ittt
A, Inltlal Extractlon.. .............. 1 ........
B. Chromatography ....... R R S
1. ‘General ConsiderationSeseeece.... .
2. 'DEAE-cellulose Ion Exchange,--{.. ..... ..
3. -Coficanavalin k -Sepharose.-....... e e
' (a) leer.Q.a..{;,..;.....:.,J.J ......
_(b) Intestlne ..........................
V(C) Bone P ceereea
14.‘ Sephadex G=200 Gel Permeation. «.e.....
C. Ammonlum Sulfate Fractionation of leer’
‘Alkallne Phosphatase- . .,....,-......w.....
D. Purity and Stability of Liver Alkaline
Phosphatase.......,‘.....,.... ...... ses e
.Concentration of Purlfled Alkaline

® ® s 060 ee s 00000000 -

RESULTS AND

0.0-.01-.......0

Electrophoretic Propertles of Alkaline’
Phosphatase sonoocon-ooo.c.o on-o.o-.coc‘.-

: l L]

-

'Polyacrylamlde Disc Gel Electro-

phoresls.o.o.oc.ool.couooo-'.oooiooo.-
Isodlectric Focusing on Polyacryl— -

(i) leer........................v

:amide gels-o-ocoqooc-ooouoooo-ooc.oooo:
- (a) PrOpertles of the Isoenzyme-----c;

i

(li) Bone-ooo--nttooltosooa}p--o..-.
(lii) Intestlne and Placenta....‘...

"xii_

,,Ej'l

54

56

56

59 .

59
61

- 63

63
. 63
66

68

“70

71

74

RATEES
74

76

76

76



.(b) Effect of NeuramlnldaSe

TreatMent e v e veeen.., e et e 88V
(c),Aggregation Phenomenon....... e 90
(1) .General Con31deratlons.;.....,.;, 90

: ¢
' (ii) Sample Application Technlque on
/ ' Focused Gels and Aggregatlon '

' ' Phenomenon ................. Seead 93

B. Molecular Welght Determlnatlon\of Human

L1ver ‘Alkaline Phosphatase.,.,..., ........ 94
1. Gel Flltratlon Chromatography..;.}....- 94
A (a) Molecular Welght of Native ,";
' Alkaline Phosphatase ......... veee _ 94

(b) Effect of Neuramlnldase Treatment
on the Molecular Weight of
Alkallne Phosphatase.. cececemeean | 98

2. Subunlt Molecular Weight Determlnatlon
by Sodium bodecyl Sulfate EERPETERS ¥ 99

c. 'Substrate Specificity Studles on the Iso- -
- enzymes of Alkaline Phosphatase..., ..... .. 104

- D. 'Mlscellaneous Studles on ‘Alkaline : -
e Phosphatase ....'.'..‘...‘l.......l-.".l.“‘_.'. 108

| 1. XKp Determlnatlon of’ p-Nltrophenyl
e Phosphaée for Alkalineﬂ?hosphatase.... 108

2. Heat Stabillty of'the Isoenzymes of

) Alkaline PhOSphatase. l‘...‘..l.."....'_ lq8 C)
. GENERAL DISCUSSION AND CONCLUSIONS, 113
mﬁRENCES....'....Q...’.I....-...‘.....‘......".‘Q.‘12;6

A



1Is%t oF'ZABLEs : ,
- PAGE

Profile of human liver alkaline phosphatase
purification by extensive purification o

_ techniques ..... R EEERE e Ceeaenen o7
Profile of-human liver alkaline phosphatase
purification by original technique........... .. 58

. o

Stability trial of liver alkaline phosphatase
under various storage conditlons.' ..... B

Results of subunit molecular weight deter-

mination on sodium dodecyl sulfate polyacrylamide

gelS ooooo ® e s 5 0 2 2 e s e o 3 .o.oo' oooooooo .Itvl-c ...... 0100

Relative activities of the 1soenzymes of
alkaline phosphatase with four different _
substrates et B P I 0

Data obtalned “for the K 4determ1nation of p- nitro—
phenyl phosphate for huffan liver alkaline

‘._phosphatase ........ ce e ceea ceeeeess o109
Heat stability determlnation on the 1soenzyme of
alkaline phosphatase.,...; ......... .,.....,....ll%

.. . . : ¥
Y
.' /.-
'ﬁp_ 3

kiv



LIST OF FIGURES

tography.................... ceme e DI N RITITI

. Elution profile of‘(étestinal alkaline.phOSPhatése_

from concanavalin A{Sepharose affinity chroma-

'  tography.;.‘ ........ SRR IR R

concanavalin.A—SépharQse affinity chromatography.

Elution profile of liver,alkéline‘phosphatase _
from Sephadex G-200 gel perigeation column.,.;:..

Polyacrylamide disc gel electrophoresis of
liver tissue alkaline phosphatase stained for

~protein and enzyme activity............... Q:..;.

tissue and;bohe\tiSsue_alkaline

Polyacrylamide disc gel eléctrophbresis ofﬂj
liver tissue and liver serum alkaline phosphatase

Polyacrylamide disé éél electrophorésié_of liver
phosphatase.. ...

ISoelectric foéusing.on polyacrylamide disc

gels of tissue and serum sampleslo§ alkaline_'

 phosphatase.....,., ....... e I

10.

11.

12,

‘A pH gradient obtaiﬁed‘from aupblyaérylamide

. with neuraminidaseo o o LA I N e *®S-% % 44 204 980400 0a2004

disc gel subjected to isdelectric focusing......

”Isoeléctiic focusing on‘poﬁyacryiamide'diéc gels

of_liver_alkaline-phdsphatasc which was treated

Standard graph dfﬂ;hé‘mblécular wéight,markers
used for Sephadex G-200 molecular weight .

determination..... ooooo un-'b'o-...;--»u-c-o‘ ----- ‘ol o’

13,

Standard graph of the molecular weight markers

~used for the SDS polyacrylamide disc gel subunit -
molecular weight determinatiqn ...... ‘....;;(.;..,

7;§V~

... PAGE

1. Profile on DEAE-cellulose jon exchange column
' chromatography of liver alkaline,phosphatdse.w.. 62
2. Elution profile of liver alkaline phbsphatase
- 'from concanavalin A-Sepharose affinity chroma-
64

65

..'Elutioh profile of bone'alkaline phosppatése from °

67

.69

77

79

80

83

84
89
96

101



——

14,
15.

16,

6.5% polyacrylamide disc gel electrophorésis,of .
the standards used for sodium dodecyl sulfate

molecular weight determination.;....,..,.«..”,.g’N
10.5% polyacrylamide. disc gel electrophoresis
of the standards used for.sodium'dodecyl-sulfg}e
molecular weight determinationm....... P CRER ~ 103
- ‘ . | 9 , :
LineweaverfBurk'plot for K determinaticn of
pP-nitrophenyl phosphate for liver alkaline.
phosphatase...;...... .......... e eee ceee e eeaeses 110
‘ /
SN '
- ;
e

xvi



AMP

CNBr

con A

DEAE—celieloee‘
'EDTA

1.D.

 KCN

‘MES

nm

By

- sps

TEA

TES

- Tris

4%f : \,

LIST OF ABBREVIATIONS

2Famino-2—methyl—lfpfopanol

cyanogen bromide

concanavalin A -

diethylaminoethyl cellulose

-ethylenediaminetetraaeetate_

internal diameter

'potassium cyanide
'2.(merpholino) ethanesulfonic acid

nanometer . ‘ B

e Ll [}

1soe1ectrrc/§51nt

vsodlum dodecyl sulfate
. trlethanolamlne

N-trls(hydroxymethyl)methyl 2-am1no—.‘

ethanesulfonlc acid

¥

‘trls(hydroxymethyl)amlnoetnane

1nternatlonal unit-

>degree, expressed in Centlgrade unlts

e L

"xvii_.v

A



W‘w,: .

L -'.CHAPTER-I

REVIEW OF THE LITERATURE

Alkallne phosphatase has been the subject of;
extens1ve research in recent years and’ several reviews
have been presented on the achlevements in the field

-

(Fernley, 1971- Kaplan, 1972)

A. Type of ACthlty and Reactlon Catalyzed by Alkallne
.~ ‘Phosphatase . , :

L

1. Monoesterase Act1V1ty

Alkallne phosphatase (orthophosphorlc monoesterase
s

tphosphohydrolase, EC 3 l 3. l) catalyzesthe reaction in-

'volv1ng the hydroly51s of phosphomonoesters, haVLng a pH

dependence for their act1v1ty on. the alkallne 51de of
Qneutrallty The enzyme has a broad range of substrate
spec1f1c1ty It w1ll hydrolyze hexosephosphates,

nucleotldes, glycerophosphates, ethyl phosphate and pheny;

'phosphate (Kay, 1932 Harkness, 1968) _ It\had been re- .

ported that purlfled extracts of manmwdnn1 tlssues have

.,apprec1able pyrophosphatase act1v1ty (Moss et al, 1967)

7F'as well ‘as aden051ne trlphosphatase and fluorophosphatase

act1V1t1es (Fernley and Walker; 1967) Proof of related

lmonoesterase and" pyrophosphatase agﬂiVLtles is based on .

heat lnactlvatlon StUdles and the. 1nh1b1t10n,of pyrophos~

phatase act1v1ty by L phenylalanrne, a Spec1flc 1nh1b1tor

. of 1ntest1nal alkallne phosphatase (Moss. et al, 1969)

The reactlon eatalyzed by alkallne phosphatase -
- I R _ ,



e<is—as follows:

S RO-E-O' + "HOH &—=——= ROH + HO-P-O"
o o _ o Ol

where RO- represents the backbone of an alcohol compound.

2. Transferase’Activity

There is also ev1dence that alkaline phosphatase
.may functlon as a transferase if - there 1s a phosphate |

: acceptor present : ThlS usually results 1n 1ncreased .
enzyme act1v1ty Wthh is attrlbuted to transphosphorylatlon
" in which ‘the net-transfef of phosphate from substrate to
the hydrOxYlhgroup of ﬁh@’huffer“isfmore:rapid than

transfervof the phbsphate”group to water (hydrolysis).

' _For 51gn1f1cant transphosphorylatlon to occur (Wllson, )

Dayan and. Cyr, 1964) the phosphate acceptor must contaln
a hydroxyl group and e}ther a second‘hydroxyl group or an
.:amlno group adjacent to the acceptlng hydroxyl grOUp
Studies of the transferase actlon of milk. and 1ntest1nal
'Avalkallne phosphatases have shohn that compounds such as |
;glucose, glycerol and %ropandlol can accept a phosphoryl :
Vre51due from a w1de variety of donors (Morton, 1958)

-The general equatlon of transferase act1v1ty would be. -

3

!

RO-F-0" + R'O-H == Ro-H + R'Q-P-or

T fwheré7R?is'thetdonorfand“k'ethevacceptorfof”phosphaﬁe;u o



B.. Dlstrlbutlon of Alkallne Phosphatase

1

Alkallne phosphata e is found in many mammallan
specres and is abundant in: those t1ssues concerned with
- the transport of nutrlents and in developlng tlSSUes
Alkallne phosphatase act1v1ty has been found ‘in the
/follow1ng tlssues- 1ntest1nal mucosa, placenta, kldney,
‘bone,; lrver, lung, spleen as well as whlte blood cells
~fIt rs}also found 1n blle but here 1t has been suggested
to be derlved from the llver Wthh clears alkallne phos—

" phatase to the blle (Bode, Zelder and Neuberger, 1973)

Al. Wlthln the Tlssues L B .-"M-;_‘. ".h’

| Alkallne phosphatase is not homogeneously
dlstrlbuted w1th1n the tlssues.A Intestlnal alkallne
: phosphatase 1s located predomlnantly at the surface
.jmembrane of the eplthellal cell m1crov1lll (Clark 1961'
‘Ito, 1969) The placental enzyme is located at the
surface of the trophoblastlc syncytlum (Wachsteln, Meagher
: and Ortiz, 1963) The brush border of the proxlmal |
| tubule eplthellal cells 1s the 51te of alkallne phosphatase
in the kldney ‘ In bone alkallne phosphatase is- found in J
: pthe hypertrophlc cartllage cells, osteoblasts and osteo-ﬂ.e
:cytes (All, Sajdera and Anderson, 1970) whlle alkallne |
hfphosphatase 1n 11ver tlssues lS found rn the membranesi

"adjacent to the blle cannallcull (Wachsteln and Mglsel

1957) and the SlﬂUSOldal surfaces of the 11ver (Plcardl,a

BN
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o2, Cellular Localization

Gardlol and' Gautier,. 1967) It is almost absent frdm

- muscle, mature connectlve tlssue, non0351fY1ng cartllage

'and red blood cells

Both' llght and electron mlcroscoplc studles

have shown that: mammallan alkallne phosphatases are

prlmarlly found at the absorptlve or secretory surfaces.

“of cells (Reale, 1962 Goldflscher, Ersner ahd"Novikoff

1964 Mizutani and Barrnett 1965) . They are bound to

B membrane fractlons as. shown when cell. homogenates are

subjected to hlgh Speed centrlfugatlon (Morton, 1954
Emmelot et al, 1964) Recent studles on bone alkallne
phosphatase shOW*lt to be located on the outer membrane

o

of bone cells (Gothlln and,. ErlCSSOD,\197l)

c. Methods for the Purlflcatlon of Alkallne Phosphatase

Alkallne phosphatase 1s a membrane bound enzyme -

requlrlng extens1Ve extractlon technlques.

l:. Butanol Extractlon Procedure hv\' R 5,0'

The cla591c procedure for extractlng alkallne
L

i'phospiatase act1v1ty from an1ma1 tlssue W1th butanol was
~intro uced by Morton (1950) Modlflcatlon of thls pro—ﬁ

cedure by Moss et al (1967) 1nvolved extractlng the enzyme’}va'

w1th butanol fractlonatlon w1th acetone and ammonlum

sulfate, followed by Sephadex gel permeatlon and anlon S

exchange chromatogiaphy.' By thls technlque workers were

12
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able 'to'obtain()a m yield of a partially purif'ied |
'preparation- Smlth et al’ (1968) further modlfled thlS
‘technlque to: 1nclude large scale recycllng gel flltratlon.
By thlS method they obtained a 7. 4% yleld of human llver -"'
alkallne phosphatase w1th a spec1f1c act1v1ty of 165 unlts.
:pé; mg- proteln ‘and. a 10 5% yleld of human lntestlnal

.alkallne phosphatase w1th a spe01f1c aot1v1ty of 136 unlts

per mg_proteln.

24. Trlchlorotrrfluorethane Extractlon Procedure o
| Narayanan ‘and Appleton (1972a) 1ntroduced the

’.'use of trlchlorotrlfluorethane (Génetron 113) for extract-
- ion of/alkallne phosphataSe followed by the use of Sephadex
'gel permeatlon and anlon exchange chromatography They

obtalned a preparatlon of human 1ntest1nal alkallne phos-v'
.fphatase of spec;flc acthlty 54 unlts per mg protern L
fHowever, 80% of the 1n1t1al activlty of the homogenate in o
;'the Genetron—ll3qstep 1s lost compared to a control pre—’
paratlon they dld of the same proportlons by butanol ’
‘extractlon The fewer steps 1nvoIved in the Genetron 113 f’

w =N

extractlon and purlflcatlon procedure do not appear to

gustlfy thlS klnd of a loss 1n enzyme actlvrty l Genetron-_.-a»

'113 extractlon would appear to be too harsh a. method for .

}"ﬂ‘membrane bound protelns espec1a11y alkallne phosphatase..

3y Isoelectrlc Focus1ng

A method has been descrlbed (Usateg/ﬂ Gomez,



| Yeager and.TarbuttOn, 1974) for the purlflcatlon of
_ alkallne phosphatase from human placenta using preparatlve
scale 1soelectr1c focusrng The tlssue was flrst homo—.
genlzed in buffer, fractlonated w1th ammonlum sulfate,‘
extracted w1th butanol and chromatographed on anlon
‘exchange column The preparatlon was then subjected to
klsoelectrlc focu31ng in ‘a sucrose gradlent., See I. D’2
Z’T(b) below for further dlscuss1on of 1soelectr1c focus1ng |

A 11% yleld of alkallne phosphatase wa'’s obtalned that had

,a spec1f1c act1v1ty of 330 units per mg protein..

4, Afflnlty Chromatography Procedure ;

- Afflnlty chromatography Wthh is-a powerful method

ifor purlfylng macromolecules, exploits. the natural -

spec1flclty of blologlcal 1nteractlons : Gullford (1973)
'7glves a rev1ew of the chem1Cfl aspects of afflnlty

: chromatography and the more blologlcal aspects are rev1ewed

- by Cuatrecasas and Anflnsen (1971) Afflnlty chromatography7

"Lls a type of adsorptlon chromatography in whlch the bed

i _materlal has a spec1flc afflnlty for the substance to be

q .

y'1solated y The substance to be 1solated is absorbed fram

' ,,“the solutlon by the blndlng component and can be deSOrbed

';by changlng the exper1menta1 condltlons after any unbound -

"f}material is. hashed from the cclumn Thus, affinlty

”"n_chromatography 1solates substances on the ba51s of thelr blo—

"7flog1ca1 1nteract10ns. The support matrlx must be phy91cally

i )
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and chemlcally stable under experlmental condltlons, it
must allow satlsfactory column flow rate, and must be
_capable of sélght chemlcal mOdlflCathD wlthout under—
901ng structural changes Sepharose, a beaded agarose
polymer, offers such a matrlx The llgand, a blologlcal-
ly sultable brndlng proteln or other materlal for the
.1solatlon of the des1red substance, is covalently bound
to’ the sepharose matrix. The most common procedure
1nvolves cyanogen bromide actlvatlon of the carrier

'and subsequent coupllng:ot a prlmary allphatlc or
'aromatlc amlne of the llgand to the ‘activated matrlx‘
}(Axen Porath and Ernback 1967)

Concanavalln A (Con A) is a haemagglutlnatlng
proteln 1solated from jack bean. ' It forms 1nsoluble
complexes w1th pelysaccharldes and glycoprotelns _ The
i‘blndlng 31te of Con A 1s SpelelC for a—D—mannosyl,

-D—glucosyl and sterlcally srm‘lar re51dues.. Con A'can

‘be specrflcally bound to Sepharosh

by the cyanogen bromlde
(CNBr) method ' CNBr reacts wit] hydroxyl groups of
‘Sepharose to form 1m1docarbonate and carbamate groups

Con A is subsequently coupled to the actlve product by

‘ the 1m1docarbonate groups reactlng Wlth the amlno groups

""f;od the Con A molecule thus formlng Con A—Sepharose.‘ 8

e



Activation Step: | , _
-O-CONH,, |
H, O -. . Carbamate
_ | V -OH (inert)
-0OH- . .-OF'CEN ‘ o . L
- CNBr OH
~OH . : N Imidocarbonate,
S : ' C=NH = (reactive)
-0 ) ‘
) 4

Coupling Step: '

T  4-0- C Ng proteln
o 4 NH Isourea
: _OH': derlvatlve
-0 ST /470,
_.\\ ' HZN—protein - S N substltuted
-~ .C=NH — - /,C N protein imidocarb-
-, ' ~0 I onate ’
-0 . o . : .
Do -O-ﬁfNH*protein
0 R o e
. S N-substituted- -
4-OH . - . ' carbamate

o
Con A—Sepharose has been used to purlfy several
glycoprotelns human a= fetOproteln (Caron et al 1973),
very low den51ty llpoproteln (Shore and Shore, 1973) and
\’glycoproteln surface receptors for Con A (Allan, Auger and -

-._Crumpton, 1972) '7.¢‘“”"*io,f;sffs'7.{'f7ff” ﬁ';jg- 
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1. Physical Properties

(a)‘ Measurement of Alkallne Phosphatase Activity

A

i ad

(i) Assay Technlques ‘ ‘
Typlcal substrates-of alkaline ‘phosphatase
1nclude phosphate esters o prlmary and secondary alcohols,
,sugar alcoho}s, Cycllc alcohols, phenols, naphthols and a8
'nucle031de monophosphates The analytlcal methods for
measurlng alkallne phosphatase act1v1ty are of two types
Th- flrstvmeasures the_amount oﬁ phosphate,llberated and
‘the secOnd'measures theAambunt of'alcohol~liberated
“The’ flrst substrate used to assay alkallne phosphatase
was B glycerophosphate (Bodansky,.1933) The phosphate
-was measured by the cla551cal Flske Subbarow procedure
i,(1925) in whlch 1norganlc phosphate 1s allowed to react
w1th ammonlum molybdate at a01d pPH.  The phosphate lS/
.;measured before and after the serum is lncubated w1th the
substrate. .The newly formed phosphomolybdate is then
r &dﬁeéﬂ by 1 2 4 —-amino- naphtholsulfonlc ac1d to yleld a'
blue colored product.' The absorbance of this complex |
fcan.be measured at 600 nm | R B

Klng and Armstrong (1934) developed the flrst

;',cllnlcal method based on the amount of llberated

e
!

h alcohol 1n whlch phenol spllt from phenyl phosphate f S

.p'was measured Laﬁﬁr methods developed in whlch the free

'*~”l'alcohol was 1tself chrbmogenlc, requlrlng no reagents f ?



Y .
g o

,for color development and making it pOSsible to

4 ; -' P -

’ contlnuously record the enzymatlc aétrvrty on a recordlng

‘spectrophotometer (Bowers and McComb , l966). Such chromo-

genic substrates 1nclude p nltrophenyl phosphate (Bessey,
. f\,f .

Lowry and BrocK l946), phenolphthaleln dlphosphate

i‘(KleLn, Read and Babson,,l960) Newer substrates B-naph-

_‘phosphate (gernlé§/and Walker, 1965) have now been synthe51zed

thyl phosphate (Greenberg, l962) and. 4- methylumbelllferyl

/

J

'-,Hwhose hydroly51sgproducts fluoresce and thus are detectable

: . ‘ B R ,
in minute quantities. These methods are of no clinical"

7advantage'however since‘speCtrophotometric“methods can,

I

(11) Substrate Spec1f1c1ty and the Effect of the
Comp051t10n of the Buffer on the Assay

When dlfferent methods are used by varlous

B

R ,adequately detect normal serum levels of alkaline phosphatase

' workers for measurlng the actrylty of alkallne phosphataseﬁh‘

it 1s dlfflcult to obtaln a. comparlson of the total serum

; levels 51nce the 1soenzymes of alkallne phosphatase have

dlfferent substrate spec1f1c1t1es (Landau and Schlamow1tz, “,

.‘1961, WOlf, Dlnwoodle and Morgan, 1969)\\\g9wever, a-

common ch01ce of substrates does not necessarlly lead to

Hf'unlformlty. The use of dlfferent buffers must also be

.fﬁ,taken,lnto account when comparlng act1v1t1es of the 1so- '
V " '

enzymes (Halje, 1973) : The orlglnal buffer used in the

p—nitrOphenyl phosphate assay of alkal;ne phosphatase was‘:

10
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glycine (Bessey,”Lowry and Brock, 1946). The glycine

buffer was later found to be inhibitory (Ahmed and Klng,
1960) . }Bowers and McComb”(l966) modlfied this method

usind 2*amino#2—methyl ~1l-propanol (AMP) as the buffer

.The use of such an amlno alcohol buffer results in marked

’accentuatlon of enzyme act1v1ty because the alcohol groups

on the buffer molecules act as acceptors of the Ilberated

'phosphate resultlng in the: measurement of the transferase

actrvlty of alkallne phosphatase

(b) Structure and Molecular Weight of Alkallne .
Phosphatase L a '

Most of the work on the_structurepof human alka-
phosphatase has been carried out on‘the placental’

isoenzyme “Ghosh (l969)*and Roblnson and Plerce (1964)

‘ have shown that it is a glycoproteln contalnlng fucose,

mannose, galactose and seven 51allc acid res1dues They

have also shown that human bone, llver and kldney alka-

llne phosphatases contaln sialic ac1d resldues but 1ntest—A
- inal alkallne phosphatase does not. Placental alkallne
: phosphatase was shown by ultracentrlfuggéﬁon anal¥51s to

‘be a dlmer of about 12q,ooo daltons quh non- 1dent1cal

subunits of 1dentlcal molecular welght (Gottlleb and

ZSussman, 1968) ' Thls molecular welght Value for
placental alkallne phosphatase 1s in. agreement w1th

: results obtalned by other workers. 116 000 ~-125, 000

(Harkness, 1968, Sussman and Gottlleb, 1969) 051ng

B

11



Sephadex G-200 gel fll%tatlon Moss (1970) reported

'hlgher molecular weights for human alkallne phosphatases
Yy .

of 225,000 for liver, 190 000 for 1ntest1nal 180,000 for

bone, and 170, 000 for kidney.. o .
S A ;

(c) Sialic Acid Comp051tlon and the Isoelectric
Points of the Alkallne Phosphatase Isoenzymes

SlallC a01d is composed of neuramlnlc acid

substltuted at the amino residue by an acyl group. It

is found predomlnantly in ollgosaccharldes and glyc0prote1ns.

" Ghosh (1969) ‘has shoWn that the 1s@enzymes of alkallne
bfphosphatase except the 1ntest1nal one contaln sialic aCld
1re51dues as outllned in I D.1. (b) above However, llttle
~evidence has been found as to the dlfference in the number
~of sialic ac1d re51dues on the 1soenzymes Usategul—Gomez
.and Tarbutton (1974) suggested that sialic acid may be
the determlnant of the electrophoretlc moblllty ‘seen
'between the 1soenzymes The 1soelectr1c p01nts (pH s).
-‘of several of the 1soenzymes have been determlned Usa—'
;Qtegul-Gomez, Yeager and Tarbutton (1974) determlned the

pH of the placental 1soenzyme to be 4 6 human llver

1:‘ to be 3. 9 and calf 1ntest1ne to be 4 4 They used 1so—"

'.electrlc focus1ng to make thelr determlnatlon Latner,
"Parsons and Sklllen (1970) u51ng a sucrose den31ty
_;technlque obtained a pHI of human llver to be 3.9. Greene

and Sussman (1973) u51ng 1soelectrlc focu31ng determlnea

'.‘ i
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.‘the ﬁhl of human llver to be 3.8 and that of placental

to be 4.45,
" (ay - Klnetlc PrOpertles of Alkallne Phosphatase o
| There are many tlssue spec1f1c dlfferences among
the alkallne phosphatases that can be used to 1dent1fy ‘the

tissue orlglns of the serum enzymes as an ‘aid in dlagnOS1s

LJ.ver and bone 1soenzymes are not- 1nh1b1ted by 5 mM L- phenyl-~
L

alanlne - (Rhone and Mlzuno, l?ﬁ% Wlnkleman et al 1972)
and are unstable 1n 3 M urea (Horne, Cornlsh and Posen, 1968
Blrkett et al, 1967), whlle 1ntest1nal and placental are

not 1nh1b1ted by L- phenylalanlne but are more stable 1nv‘,m
urea \ o | .
Mlchaells constants of 6 0 x 10 ? M and 8. 0 x 10
at pH 9. 0 and 10.5 respectlvely were obtalned for P- nltro-
phenyl phosphate u51ng human llver alkallne phosphatase L
(Eaton and Moss, 1968) A K of 8.0 x lO M P~ nltrophenyl
phosphate at pH 10 5 was obtalned for placental alkallne
phosphatase by Harkness (1968) and a K ‘of 8 3 10 4M
p-nltrophenyl phosphate was obtalned for placental alkallne
phosphatase by Usategu1 Gomez, Yeager and Tarbutton (1974)

Calf scapula cartllage alkallne phosphatase was found to have

a K of 5 9 x 10 M for p-nltrophenyl phosphate at pH

10 0 and 37° (Vlttur and deBernard 1973)

' H(e) Metal Ion Effects on Alkallne Phosphatase'5
| Alkallne phosphatase requlres metal 1ons for S

ﬂff
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act1v1ty and dlaly51s agalnst 0 01 M KCN or EDTA for 6 days_:

'produces‘an 1nact1ve calf lntestlnal enzyme (Hofstee, 1955);
Incubatlon of dlalyzed pig kldney alkallne phosphatase w1th
Mg+ gave 40% recovery and 1ncubat10n w1th Zn+ gave 70%
'recovery of act1v1ty to the enzyme Harkness (1968) d1d

much - to clarlfy the" s1tuat10neof metal 1on requlrements.

Worklng thh Zn chelatlng agents he showed that they gave.n

almost 100% 1nh1b1tlon of act1V1ty Addltlon of 100 mM
Zn++ 1mmed1ately restored. full act1v1ty compared to only
25% restoratlon of act1v1ty when Mg * was added He . thus
showed that Zn * is- an essentlal metal 1on for alkallne o
phosphatase act1v1ty and that Mg 1s~much'less effectlve.

However, actlvatlon of varlous tlssues phosphatases has
o ,

been observed w1th ca” ' Mg ,'and Mn (Morton,11955,}v. ;

Ahmed ‘and Klng, 1960) ; whlle other 1ons, notably Be o, aﬁd.“-

"an+ at hlgh concentratlons are. 1nh1b1tory Few-detalls,are

‘ avallable on . the klnethS of Zn , ;nhlbltlon,'whiCh is.

'-surpr151ng 1n view of the absolute requlrement for thlS L

ion. One report (Moss,,l969) states that it is nOn-T
competltlve or mlxed 1nh1b1tlon. Mg . in the presence

of Optlmum Zn f, does not affect the afflnlty for the_"

‘_ substrate and 1t may act by 1ncrea51ng the number of

active s1tes rather than by enhan01ng a partlcular rate R

at one. s1te (Fernley and Walker, 1970)

v -
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2. Electrophoretic Properties of Alkaline Phosphatase

- (a) Electrophoresis
C Electrophor651s prov1des a useful technlgue for

' separatlng the - 1soenzymes of alkallne phosphatase on the»
basis of thelr dlfferent electrlcal charges.‘ Much work
has been done employlng cellulose acetate (Rhone and
FH Mlzuno, 1972;. Frltsche and AdamsrPark 1972), agarose
.'(Wlnkleman et al 1972), agar gel (Yong, 1967), although

_starch (Rufo and Flshman, 1972 Hlll and Sammons, 1967) and
.'polyacrylamlde (Smlth et al 1968) gels produce the best f
-resolutlon of the protelns T - e ‘ ljl

| (1) Cellulose Acetate and Agarose (

: | On cellulose acetate medlum when compared w1th
normal serum protelns (Rhone and Mlzuno, 1972; Rhone,v'

' Whlte and Gldaspow, 1973), llver alkallne phosphatase

rmlgrates 1n the a2 reglon.n Some Spe01mens may contaln a p‘
:”"fast" llver band whlch mlgrates in the “l reglon.. Bone
c:mlgrates Just behlnd the llver band 1n the B reglon and |
vim_forms a. band whlch 1s usually dlffuse and cannot always
t,be dlstlnguished from the llver band Intestlnal alkallne_"

'[phosphatase~m1grates con31derably behlnd the llver and boney
(_?bands haV1ng a majer band 1n the y—globulln reg;on. The |

Tfplacental 1soenzyme mxgrates between the bone and the

L intestinal 1soenzymes. o .

Winkleman et. al (1972) and Ewen (1974) were able



"’bone or llVer was 1mp11cated in the dlsease process, the

obtaln essentrally the same quallty of separatlon of the

\ 1soenzymes of alkallne phosphatase u51ng agarose qéls as
could be obtalned u51ng cellulose acetate medlum However,
it was found that 1soenzyme patterns were seen 1n dlseases
Vln whlch the tlssue of orlgln of the 1soenzyme was not

' prlmarlly 1nvolved in the dlsease, partlcularly in

i

: dlseases 1nvolv1ng kldney, or- 1ntest1ne ' However when the

: partlcular lsoenzyme was seen 1n the serum maklng the o

o teChnlque valuable in dlstlngulshlng llver and bone dlseases
(ll) Polyacrylam;de Gel =

Recently, work has been done on separatlng the
'1"alkallne phosphatase 1soenzymes on polyacrylamlde gels.'-7:"
Smlth, nghtstone and Perry (1968) were able to achlevev

_hgood separatlon on 5% acrylamlde dlSC gels.- leeraextracts)
tshowed a band runnlng w1th the major band of serum The -

. : |
‘..Ybone extracts‘shOWed a slower, sllghtly more dlffuse band

‘»:hdlstlngulshable‘from the llver band. These results afev',';,,gﬂ

supported by Walker and Pollard 71972) worklng w1th poly—'s' “ﬂ,f__"

_acrylamlde slabs. They demonstratéd the presence of a }~:
”u”'fast' liver band 1n 11Ver tlssue extracts and sera from:'-
%Patients wrth hepatoblllary dlseases that was not 1n.’i'h

H*normal sera.; The 'fast' 11ver band was not seen in worknﬁff

. e

. done by Dlngjan, Postma and Stroes (1973) who were only

g able to detect ne llver band, bone and 1ntest1nal bandsflfj-"

-



'phoresrs.
: }"(bj .isoelectric.Focusing
Isoelectrlc focu51ng can be used for the quant—’s
fltatlve evaluatlon of . the 1soenzymes as well as for pre- .
paratlve burposes o‘tllned in I C 3. Isoelectrlc focuslng
has recently been show to be a powerful tool for separatlon

of protelns (Vesterberg and S

son, 1966) and a few .

' workers have appl;ed thlS technlque v eparatlon of

alk llne phosphatase 1soenzymes. Smlth nghtstone and
i B .

o . )
*.;,Perry (1971) used pH 3- 10 amphollne in thelr gels whlch

’were 5. 5% total pelyacrylamlde. They determlned no 1so--
- electrlc p01nts but found the humfh alkallne phosphatast

"hto focus in the 'PH range 4 6 Clear, dlstlngulshable'Y

- bands were obtalned for each of the serum 1soenzymes.f More

'-;frrecently workers have obtalned more conc1se 1soelectr1c o

?jp01nts (pH ) pHI 4 3 4 6 for baboon llver (Hammond et

- al, 1973), PHI 3 9 for human llver (Usategul—Gomez et al

.:TH}”}1974), PH 3 8 for human 11Ver (Greene and Sussman, 1973)

| 5;3' Effects of Mlscellaneous’Treatments on Alkallne
» Phosphatase fm- o _ ,

'}a)g Neuramlnldaee Treatments | | |
All the human tlssue 1soenzzmes of alkallne ;v~"

-,phosphatase except the 1ntest1nal 1so zyme contaln

R R T U R Y g .
'j\_Roblnson and Plerce (1964) have shown that 1ncubatlon ofr*‘

Lo
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‘the 1soenzymes'from llyer bone and placenta W1th neur-'
aminidase slows their electrophoretlc mlgratlon.. They
"}postulated that thlS was due to the removal of the termlnal
: 51allc ac1d re51dues whlch contrlbute to the net negatlve
charge on the enzyme Butterworth and Moss (1970) showed
‘dthat phosphatases derlved from one tissue shown to be'f
'heterogeneous on electrophoreSLS could: be reduced to one
rcompact zone of act1v1ty 1f they were: 1ncubated with neur-
; amlnldase _ ThlS suggests that the dlfference 1n the 1so—“a
slenzymes w1th1n a tlssue is due to thelr 51allc ac1d com~
5fp051t10n.} Most data suggest that w1th1n a 51ngle tlssue

"~ there 1s only one type of alkallne phosphatase and that -
.the observed heterogenelty results from modlflcatlon of a
-131ngle enzyme to give a- populatlon of molecules w1th |

jvarylng net electrlcal charge but 51m11ar size and enzyme

'f,act1v1ty (Moss, 1970) ' Treatmenﬁ of alkallne phosphatase

}-.W1th neuramlnldase does not effect the enzymatlc act1v1ty

. (Smlth, nghtstone and Perry, 1968 Ghosh and Usategul-Gomez,e/

Clsew o o h e T

- ]TI'“(b) Trlton X—lOO Treatments o

Ry Alkallne phosphatase forms aggregates»as outllned
‘in I D 4 below that, on eleggrophoreS1s do not appear to"hyﬁ

.l';enter 5% polyacrylamlde gels.ﬂ Flshman (1974) showed

'ffthat regardless of the 1nd1v1dual soufbe of the alkaline_"

”-f_ﬁphosphatase, 0 5% Triton X-lOO, when added to the gels
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and samples, ‘caused- more enzyme proteln to enter the gel ;
than when the detergent was absent

)-.;(é) Heat Treatments

- Posen et al (1965) dld work on the heat Stablllty,

of the 1soenzymes of alkallne phosphatase They found that3

the bone 1soenzyme, relatlve to the liver and 1ntest1nal

B 1soenzymes, is lablle to heat denaturatlon (10 mln at 56 ).

19

fContrarlly, the placental 1soenzyme, relatlve to the llver‘ o

- and: 1ntest1nal 1soenzymes,'ls more stable to heat treatment.
The placental 1soenzyme retalns 60% of 1ts orlglnal

act1v1ty after 1ncubatlon at 65 for 10 min (Ghosh 1969),

'“'but at thls hlgher temperature the 1ncreased loss of

.

actrv1ty of the llver and bone 1soenzymes, makes it of
: llttle use for dlfferentlatlng the tlssue source of these
' two lsoenzymes.v .

More recently a new approach has been presented

‘ t”for the 1dent1f1cat10n of 1ncreased levels of serum alkallne

fphosphatase 1soenzyme act1V1ty by heat 1nact1vatlon based

"_-on the patterns of enzyme stablllty at 56 over a- 20 mln'

| .

f penod (Cadeau an% Mﬁkm, 1973) Usmg the assessment

';of relatlve heat stablllty patterns, the authors were able
’bfto dlfferentlate between llver and bone as the tissue source
";of 1ncreased serum‘alkallne phosphatase 1n 93% of the cases
'lof patlents thh dlagnosed llver and bone dlsease, compared

::,to 78% predlctablllty of the cases u51ng the 10 min R

¢

PR~



thermostability test. This technique eliminates the
variation whiCh may occur in the‘lO'min thermostability
test because of varlatlons 1n 1ncubat10n temperature from‘ \

day to day

| Aggregatlon of Alkallne Phosphatase : f%

| Recently several workers ‘have descrlbed the |
'phenomenon of aggregatlon of alkallne phosphatase molecules
(Ferwerda and Stepan, 1973, Frltsche and Adams—Park '1974)
' _They descrlbe a molecule whlch comes off the Sephadex G 200
.column 1n the v01d volume.. After passage through the same

’column in. the presence of 0. l% sodlum deomycholate, an-

i 1onlc detergent (Vlttur and deBernard 1973),‘or after

= treatment W1th butanol (Jennlngs, Brocklehurst and lest

v1970) the alkallne phosphatase 1s retarded on the Sephadex
G—200 column Jennlngs,,Brocklehurst and lest (lQZp)
"_.further showed that thls hlgh molecular welght enzyme'.

fractlon 1s retalned at the Orlgin of starch gel support

"-"medla and that the orlgln band dlsappears after treatment

._w1th butanol., It has been suggested by NewtOn (1967) and

‘.u'Dunne( Fennelly and McGeeney (1967) that the aggregate

:.';;butanol treatment..

":could be a llpoproteln complex whlch is dlsrupted by
, D R g .

uE. Functions of Alkallne Phosphatase Isoenzymes

]

o 1. Intestinal

The 1ntest1na1 alkaline phosphatase has been R
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: ’J
'postulated to be 1nvolved in the absorptlon of 11p1d from
A, the 1ntest1nal tract (Langerman et al 1966 Warnock 1968)
‘More recently, it has also been postulated to be lnvolved
| 1n calc1um transport in the small 1ntest1ne and has been"
'cons;dered to be the-same,enzyme as calclum—actlvated
4vaaenosine.triphosphatase’(EC 3,6r1;35‘(Hansslerpet al,'l970;
\Russelllet al,h1972; Taylorﬂand’Wasserman, 1969;'Gasser<et“"'
al-1972).;:lf‘alkalineﬁphosphatase is'atcalcium adenosine<
triphosphatase; thensit may be-siénificant that it i5s
tpartlcularly abundant in tlssues such ‘as 1ntest1ne, kldney,‘”
.'bone and - placenta, all of Wthh play a role in, calc1um |
:metabollsm. Studles done on purlfled lntestlnal alkallne
\'phosphatase us1ng substrates associated w1th other

1 ‘spe01f1c phosphatase act1v1t1qﬂ (Narayanan and Appleton,

- l972b) show 1ntest1nal alkallne phosphatase to have these

H_other enzyme act1v1t1es assoc1ated w1th it: 1norgan1c
o pyrophosphatase (EC 3. 6 l l), aden051ne trlphosphatase'il :
f (EC 3. 6 1. 3), as- well as D—glucose 6—phosphatase (EC 3. 1 3. 9),

p.:D-glucose—l-phosphatase (EC 3. l 3 10) and D-fructose l 6- ;

'”7‘1 disphosphatase (EC 3. 1. 3 ll)

S Ev1dence suggests that alkallne phosphatase ln

--f'bone plays some role in- the calc;flcation process rn bone,;‘

”zbut its precise functlon 1s st111 a matter of speculatxon.

.fiAli, Sajdera and Anderson (1970) have isolated extracellular



. ”matrtx ve51cles from epi yseal cartllage and showed them
'to contain’ alkallne phosphatase, perphosphatase and
aden051ne trlphosphatase acthLtleS.. Vreven, Lleberherr

" and Vaes {1973) and. Flelsch and Russell (1970) support the’
.proposal that bone alkallne phOSphatase could be 1dentlcal

to alkallne 1norgan1c pyrophosphatase

v3;' leer and Blle

thtle work has been done on asSoc1ated phOSphatase

"-act1v1t1es 1nVo ved W1th llver alkallne phosphatase.: The
11ver has been- lroposed to act in clearlng alkallne phos—'
'hphatase produced by the. bone (Gutman, 1959) and the
_.1ntest1nal mucosa (LeVeen et al 1950) . It has also been |

l shown however,-that the llver synthes;zes alkallne phos-'

\/

’Polin‘éé f); Sebesta, Bradshaw and Prockop, 1964)

ﬁfemainsttq; : flnltely establlshed, however, the enzyme |

Isoenzymes of Alkallne Phosphatase ;h;‘jv.ﬁ3 B

“”fl. Use of Alkaline phosphatase 18 of clxnical 1nterest
'gsbecause it is known to be 1ncreased 1n the sera of patlents',_'
ilwith certain pathological conditlons. The llver isoenzyme A

‘ :'-b;is reported to be elevated 1n the sera of patients W1th

htes 1t 1nto the blle (Chenderov1tch 1968 -

anlc pyrophosphatase act1v1ty assoc1ated :& o



obstructive'jaundicelhAparenchymal‘liver diseasez,

cirrhosis3,vand toxic hepatitis4. The bone isoenzyme is

]

elevated in the sera.of patients~with Paéet's disease™

rlcketSG, heallng fractures and hyperparathyr01d15m7,

1ntest1nal alkallne phosphatase has beeﬁlfound to be

: :

elevated in the sera of patlents with ulceratlve COlltlS '

c1rrh051s, hepatoblllary dlsorders and chronlc renal

fallure, flnally, 1ncreased serum 1evels of placental

1.

Obstructive jaundlce - A syndrome characterlzed by hyper—
bilirubinemia and deposition of bile pigments in the skin

- and mucous! membranes. due to the meedment of blle flow

from the llver to the duodenum

Parenchymal llver disease: A dlsease of the parenchymal ’

~or functlonal element of-the llver._

Cirrhosis~ A dlsease of the 11ver marked b progre551ve

‘destruction of liver cells, accompanied by/ regeneration
of the llver substanop and 1ncrease of connectlve tissue,

Toxic hepatltls Inflammatlon of the llver due to the.,

'.dlrect action of a p01son on. the llver celis. )

Paget's. diseaSe., Inflammatlon of a bone, 1nvolv1ng the

“haversian _spaces, canals and their branches and

generally the medullary cav1ty, marked by enlargement

ffof the bone, tenderness, and a dull achlng paln.d

,'Rlckets. A condltlon caused by def1c1ency'of Vltamln D,

“ w1th dlsturbance in normal 0351f1catlon.

,;Hyperparathyr01dlsm- Abnormally lncreased act1v1ty of

- .the parathyroids, causrng 10ss. of calcium from the

»,bones and resultlng in' a condition marked by pain and . . .-

' tenderness in the . bones, spontaneous fractures. muscular SRR

'}weakness and abdomxnal cramps..,‘;-. ; L

: VUlceratlve COlltiS‘ Chronlc ulceration in°the colon w1thv
By inflammatlon.';; L N . R .

23



: alkaline~phosphatase:are.found in_the sera Of'pregnant
‘women}_"Placental alkaline phosphatase has heen proposed
to be of poss1ble use as an 1nd1cator of fetal well belng
and maturlty 1n hlgh r1sk pregnancres (q§ategu1 Gomez,'
Yeager and deCa%tro, 1973) Itpremalns at a hlgh‘leVel-
throughout the«thlrd trlmester of the pregnancy énd drops

td'pre—pregnancy levels a short tlme (a few days) before

term.

2. ,The-Reggn“ISoenzyme

l
An abnormalry present 1soenzyme of al’allne

phosphatase has been found in the .sera of certaln 1nd1vrd—’

uals w1th mallgnanc1es It was first descrlbed by Flshman

et al (1968) and named the: Regan 1soenzyme after the

R patlent ln whom 1t was dlSCOVered The Regan 1soenzyme

) of*norﬁalhplacentalfphenotypesﬁinkthejisoen2yme‘of;Cance‘.

is produced by the“mallgnant tissue and has been found to

be 1ndlst1ngulshable from the humank\iacental 1soenzyme
w1th respect to several phy81cal, electrophoretlc and

1mmunologlcal factors (Flshman, 1969 Flshman, Inglls and

Green; %941) /ifhman, Inglls and Green (1971) descrlbe'u//

o

the Regan isoenz me?as a carcrnoplacental antlgen.

The fupdnmental 31gn1f1cance of the existence

tf?sue and serum is that one can presume that the tumor--

and the placental alkallne phosphatases represent the

24

“ o

same gene products (Greene and Sussman, 1973) Synthe81s K

e

L
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relat1Vely 51mple matter due to the stablllty of the

25

of these protelns is a result of derepre551on of the genome

which accompanles neoplastic transformatlon Regan 1soenzyme

[

has been found in approximately 12% of cancer patients,

: prlmarlly in those 1nvolv1ng car01nomas of the lung, breast,

ovarles, pancreas and stomach ' Its 51gn1f1cance lles in the

fact - ‘that treatment of the carc1noma can be monitored through

the levels of placental ~like alkallne phosphatase

"G. Escherichia'coli Alkaline Phosphatase

There has been a great deal of work done on E

COll alkallne phosphatase since 1ts preparatlon is a

‘, [

enzyme, its cellular locatlon and the ‘ease Wlth whlch

| constltutlve mutants can be obtalned resultlng in the

o preparatlon of gram quantities of the enzyme.; Undef phos—

phate limiting condltlons, 6% of the total proteln pro—

) B duced by w1ld type E. COll straln can be alkallne phos-

phatase (Garen and Lev1nthal 1960) gi CQll alkallne

vphosphatase is a metalloenzyme reputed to contaln 4 zinc

atoms (Slmpson andl Vallee, 1968 Lazdunsk1 et al 1969) per

‘dimer molecular weight (Rothman and Byrne, 1963) fts'

- molecular welght was found to be 86, 000 (Garen and

Lev1nthal 1960) There are two actlve 51tes per dlmer .
. .
molecule, but only one of them is reactlve at a glven tlme L

(Halford, 1970)



26

Neu and Heppel (1965) suggested“that E. coli

.alkallne phosphatase is located between the outer cell wall
and the plasma membrane. The repre531on of alkallne phos—.;
phatase blosynthe51s by 1norgan1cwphosphate and the relatlon-'
r‘shlp between cell growth rate and alkallne phosphatase
content when B glycerophosphate is the only carbon source,
suggest that the phy51ologlcal role of the enzyme 1n E.

.. coli is the prov151on of ;norganlc phosphate (Halford 1970).

Removal of zinc at neutral 'pH by d1a1y51s agalnst a

'chelator causes the loss of all enzymatlc act1v1ty but

‘ .only mlnor changes in proteln structure (Reynolds and

| Schle51nger, 1969) Readdltlon of 21nc to the apo—enzyme

. reactlvates it. Magne31um can also substltute for 21nc to

| obtaln a partlally actlve enzyme (Schle51nger,rl966) “Also,
4as the pH 1s 1owered to pH 2 the dlmer w1ll dlSSOClate to

a monomer Whlch ex1sts .as an extended coml w1th no enzymatlc |
' act1v1ty Restoratlon of. the pH restores the monomer and
"rea58001ates the actlve dlmer (Reynolds and Schle51nger,h
fl‘1967) : | \ |

.gi‘ I A mecﬁanlsm for the hydroly31s of phosPhate
. tLo \

'monoester (ROP) by E. c011 alkallne phosphatase has bee = o
.proposed by wllson, Dayan and- Cyr (1964) and supporteETby;:T\y i.j~
_Halford (1971) | Lo ' S
E+ ROP-—-E ROP‘——E Pi '+ ROH===E + pi o ‘tjfdf

'in which the rate 11m1t1ng step 1s always the dephosphorylv :



atioh of'the;enzymef sROH'is the alcohol released on
hyarolysis‘of the ester'ROP-.E;ROP and E.Pihare.enzyme~
substrate and —orthophosphate complexes Halford'(1970)
_suggested that the provrslon of a better phosphatase_
acceptor than water accelerates the. dephosphorylatlon rate

and thlS causes an lncrease in k cat

[N

& when dephosphorylatlon

'is rate lrmltlng, o

Morg recently isoelectric foc&singvof E.'coii'
alkallne phosphatase gave 5 1soenzymes in the pH range'
5 06 - 5. 39 (Csopak, Jonsson anéf;allberg, 1972) They»?
.also found that were was & loss of alkallne phosphatase

act1v1ty durlng the electrolys1s procedure that could be

: restored by ‘the addition of 21nc,'

. e
\ » !

.
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G .~ CHAPTER II

MATERIALS AND METHODS

A.. Source'of‘Materlals E

",Hl, Chemlcal Compounds'
| Routine chemlcals (reagent grade) were from_'7”
,Flsher‘801ent1f1c Co Ltd ’ Eastman Organlc Chemlcals, ore\
.J T Baker Chem1ca1 Co. Blochemlcals were generally of
_the hlghest purlty avallable and were from the follow1ng
:sources p nltrophenyl phosphate, 2—am1no-2—methyl -1~
,'propanol (AMP),rabblt muscle phosphorylase a, naphthol L

AS- Mx phosphorlc a01d, rabbit muscle aldolase, Escherlchla

- 0011 alkallne phosphatase, :—naphthol phosphate, phenol-
: phthaleln monophosphate, g- glycerophosphate from Slgma
{Chemlcal Co.; acrylamlde from Eastman Kodak Co., TEMED and
.Cooma551e Blue R—250 from Blo+rad Laboratorles, Inc.,.

amphollne from LKB Instruments, Inc ; neuramlnldase and
* B

_ human serum albumln from Calblochem, bovxne llver glutamate‘

m dehydrogenase from Boehrlnger Mannhelm, egg whlte ovalbumln
f:\from WorthlngtOn, rabblt muscle glyceraldehyde—3~phosphate
;fdehydrogenase prepared by the method of Ferdlnand (1964),

“,plg muscle lactate‘dehydrogenase prepared by Dr. R..A,_

;_Stlnson (Stlnson and Gutfreund, 1971), rabbxt muscle

e

'pyruvate klnase gift of mr._J J.»Holbrook, Unlversity of
'7':Brist01; yeast phosphoglycerate klnase prepared by Dr..nﬁei.d

4R. A..Stinson (St&nson, l974),_DEAE-cellulose 1on exchangg
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’re31n (Whatman DE52) from W. and R Balston, Ltd

'fconcanavalln A- Sepharose and Sephadex G-200 from Pharma01a._ '

¢»_A11 water used was' glass dlStllled and delonlzed and

o

contalned 2 ppm 1on1zable 1mpur1t1es

2. . Instrumental Equipment
The electrofocu51ng apparatus -was from Medlcal
‘ Research Apparatus, Inc., disc electrophore51s and DC ‘

'power supply Model No 3 1014A from Buchler Instruments,

| ;Technlcon AR proport;onlng pump from Technlcon Instruments

Corp., LhB Ultrorac fractlon collector from LKB Produkter,}
IpH meter type pH M26 from Radlometer Corp equlpped wrth
'ia mlcroprobe comblnatlon electrode from Flsher Sc;entlflc i[
Co., Unlcam SPBOO thermoregulated spectrophotometer with
Unlcam SP21 recorder and scale expan51on accessorles,}'
Polarord MP 3 camera w1th Polarord black and whlte fllm— g‘
‘land type 107 from Polarord Corp., Blak—ray long wave".

‘fultrav1olet lamp from Ultra-V1olet Prod Inc.,‘fluorescent

"t"llght box Qrom Shandon 801. Co._Ltd. :Lf"”

j‘fB Purlflcatlon of Tlssue Alkallne Phosphatase ff'kkg

:~l. Preparation of the Tlssue for Extractlon-;

: All tlssues used were obtalned w1th1n tweIVe fl

2vvhours of death from autopsy spec1mens, and if not used

’:;'1mmed1ately were frozen at -70° “vThe tlssues were seml-‘ )

".f,thawed before use._ The entlre procedure was carrled out =

*‘;lyln the coIa room at 4° and/or on 1ce., A typlcal pre-"




parationtof alkalineiphosphatase involVed 500'§ of tissue.
“ The'wolumes‘and_measurements'outlinedjare for’this's;zehofi
‘a preparation | - PO |
N (a) leer‘ |

| For the llver alkallne phosphatase purlflcatlon"
‘the llvers were strlpped of any vessels (arterles and
ducts), the outer membrane removed and the tlssue sllced
51nto roughly one inch cubes before homogenlzatlon
(b) Bone | |

For the purlflcatlon of bone alkallne phosphatase,

- r1bs from autopsy speczmens were obtalned.} The rlbs were.

.cut 1n approxlmately 31x lnch segments,rcleaned of connect-'

ive tlssue and muscle and were deep frozen (- 70 ) . They
Iv:were then broken 1nto small fragments elther by crushlng

'or w1th a’ saw.p These fragments were agaln frozen and _
'r_ground through a meat grlnder whlch had been precooled 1n f

"the freezer.. The resultlng chlps were agaln frozen and

"Qicrushed ln a plastlc bag w1th a hammer.- The resultant

‘°frrtlssue was then carrled through the extractlon procedure.' e

(c) Placenta

Placental tlssue was obtalned thhln two hours Of

:ﬁparturltlon.. the amniotlc membrane removed and the

\?ptissue washed free of clotted blood under cold running tap

»

ﬁjpiwater.p The tlssue was then bLotted and cut Lnto one lnch

.r}segments and carried through the extraction procedure..-.pii..

30
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'(d)'Intestine-
. The intestinebwasncut‘Openllongitudinally‘and the

mucosa was scraped from the 1ntest1na1 wall with a razor -

p‘;blade.; The resultant tlssue was’then carrled through the

y‘;centrlfuge. The aqueous layer (approx1mate

extractlon procedure.-e

?f’ | Homﬁnlzatlon and Butanolv Extractlon o
- The’ methodology used was essentlally that of Mossi["
;"et al (1967) ‘ For the 1n1t1al preparatlons of llver ff"b
alkallne phosphatase, the buffer used was lOmM Trls-base,
."pH 7.6 (HCL). To 500 g of tlssue was added 1000 ml of th:Ls i
| buffer and the mlxture was homogenlzed 1n a Warlng blender }.,"'C
‘n_(S min - at low speed and 2 mln at hlgh speed) The homo-
genate was then extracted w1th cold (4 ) butanol (750 ml
;were added to 1500 ml of homogenate) for 30 mln u51ng an ..
T'OVerhead stlrrer.t The extractlon mlxture was then centrl—f
fuged at 9, 000 x g for 30 mln in a refrlger ted Sorvall ’f:h":
Ey 1000 ml) was

"y.recovered In the most recent preparatlons of tlssue alka- R

"'Ygf.llne phosphatase, the butanol was cooled to —20 prlor tp

fj:use in. an effort to llmlt 1osses due to organlc solvent

e

'°;feffects and the Trfs buffer was supplemented w1th 0 l mM

2 and 0 lemM ZnCl to 1ncrease enzyme stabillty.-;ff“

ff?3 Acetone Fractlonatlon ,fvf7°“{l' | &
The aqueous extract recovered from the butanol

'giﬁextractxon step (1000 ml) was made 30% (v/v) acetone by



addlng 430 ml cold (4 ) acetone slowly whlle the mlxture
-was allowed to stir slowly for 15 mln and was centrlfuged

»at g9, 000 X g for 20 mln The resultlng supernatant (1400

ml) contalnlng the alkallne phosphatase was made 50% (v/v)-‘

| acetone by the slow addltlon of 550 ml of cold!acetone }7
‘:whlle the mlxture was belng stlrred w1th the. overhead
;stlrrer.' The mlxture was then centrlfuged at 9, 000 X g

for 20 mln and the pellet contalnlng the alkallne phos—_

. phatase act1v1ty was recovered.} In the most recent

'_hpreparatlons the acetone was cooled to -20 prlor to use to’

‘ . . o J . N
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_-stablllze the enzyme agalnst organlc solvent effects.' The S

’130 - 50% acetone pellet was taken up 1n buffer, typlcally

‘ ‘np350 ml of 10 mM Trls~base, pH 7 6. (HCl) contalnlng 0. .1 mM - .

| -’_MgCl 0. 02 mM ch12

~4;g Ammonlum Sulfate Fractlonatlon I

' Thls procedure was carrled out on ice W1th the ald-
P“»,fof a magnetlc stlrrer. To the 30 < 50% acetone pellet

j'»itaken up 1n 350 ml of buffer at 0° was added 110 g of

_7;;;4 1M Wthh is saturatlon at 25 ) w1th respect o the‘{.
,lsalt._ The supernatane contalning the alkallne phosphatasé o
adgwas recovered by centrlfugatlon at 17 000 X g for 20 min.r L

i AaTo the supernatant was added an addltlonal 53 g ammonlum ff

‘";jfrsulfate to brlng the solutlon to 70% saturatlon w1th

‘ h~_solid ammonlum sulfate resultlng in- 50% saturatlon (50% of e

*Vf}rrespect to the salt.; Centrlfugatlon at 17 000 x g for 20 ‘//.'



- vacuum, washed w1th three 500 ml allquots of delonlzed
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mln ylelded a pellet that was taken up in approx1mately 50
.h ml of 10 mM Trls—base buffer pH 7. 6 (HCl) pontalnlng 0.1 mM
:MgCl ; 0.02 mM ZnCl2 and dlalyzed agalnst 1000 ml of the
same buffer OVernlght at 4° The buffer was changed three
times durlng the dlaly51s : Thls dlalyzed alkallne phos—v
Iphatase solutlon, approx1mately 80 ml was then ready for
'further chromatOgraphlc purlflcatlon or 1t could be stored .

-;‘1n thlS state

5. DEAE cellulose Ion Exchange Chromatogrpphy

DEAE cellulose (125 g of re51n) was treated w1th

A’250 ml of 0 1 N HCl drled 1n a Buchner funnel under 'd' e &:‘f

3

water drylng the reSln between each wash. The DEAE cell—

L3 (-‘#'ff,"” .

g

--ulose was then treated w1th 250 ml of 0 1 N NaOH drled,

df'»hwashed w1th three 500 ml allquots of delonlzed water and

'Epwashed w1th lO mM Trls—base buffer, pH 7 6 (HCl) contarnlng

\ \.3- |
-;o 1 mM . MgClZ, 0 02 mM ZnCl2 (column buffer) The pH was

"g(adJusted to pH 7 6 1f necessary and the re51n was washed

"<.Ia second tlme W1th the’ column buffer.} The column (3 cm

"-gpdlameter X. 15 cm helght) was packed under grav1ty, the

‘bj*column was sealed and the column buffer was pumped ;»]:

_afthrough for 6 hr to equlllbrate the column The flow rate
was 120 ml per hr.. The sample' 80 ml of the 50 g 70% o

-lffammonlum sulfate fractlonated sample contalnlng 1 5 g of o

"dq_proteln was pumped onto the column and the cdlumn washed
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with 50 ml of column buffer to elute the unbound protelns.

. Elutlon of the alkallne phosphatase was accompllshed w1th

a llnear NaCl/gradlent generated W1th 500 ml of column_
;Abuffer in the m1x1ng flask and 500 ml of column buffer

: plus 0. 2 M NaCl in- the reserv01r flask Fractlons of 3 ml ‘_‘

‘were collected and the tubes that contalned 51gn1f1cant b.

2'alka11ne phosphatase.act1v1ty,were pooled.

‘r36.,‘ Concanavalln A- Sepharose Afflnlty Chromatography

: | Concanavalln A covalently bound to Sepharose 4B

Af(Con A-Sepharose) was used to separate alkallne phosphatase‘.,.
<"by afflnlty chromatography Inltlally the column buffer |
thwas 100 mM Trls-base, pH 7.6 (HCl) plus’ 10 mM CaClZ, 10 mM
2; The CaCl and MnCl2 were added to the buffer to
h,malntaln the blndlng pf'bertles of concanavalln A.. The ljt

d‘MnCl

,column was l cm dlameter x 15 cm helght and was run under -
'f_grav1ty w1th a flow rate of 48 ml per hr. A 50 mM -'A

'glucose solutlon 1n the column buffer was trled 1n1t1ally s

'~;'for use 1n washlng loosely bound glycoproteins from the_”f .

‘lie‘line phosphatase actlvlty and hence was abandoned 1n favor -

ffrcolumn but was found to elute 51gn1f1cant amounts of alka--:.law'

'fsfof a simple buffer wash after sample application._ The pH

s_fof the column buffer was lowered to pH 7 2 (100 mM~N—Trlsf ffl” .

f fj(hydroxymethyl)methyl-z amlnoethanesulfonlc acld (TES) 'ff¢l'§atf

= buffer, pH 7 z (nc1) plus 1o mM CaC12, 1o mM MnCl ) to ,j"

&v

'-ifiachieve stronger blnding of alkallne phosphatase by con— ‘:fffah



| canaValin Al However, 1t was found that 100 mM methyl-' 3
J. a- Daglucopyrann081de» in the column buffer and 100 mM |
methyl a-D-mann031de in ‘the column buffer were requlred
l-to elute the alkallne phosphatase act1v1ty and that thlS |
R act1v1ty was eluted 1n a broad tralllng peak The column
buffer flnally establlshed for future use was 100 mM Trrs—:
.r.base, PH 7.6 (HCl) ‘plus 100 my NaCl 1 o mM ngc12, 1. 0 M

'Ca012 and the alkallne phosphatase was eluted w1th 100 mM

- mannose in the column buffer. = = ‘_ﬂf;jl( |
' For the most recent llver alkallne phosphatase

'preparatlons 20 ml of Con A~ Sepharose (packed re51n) was -

)

equlllbrated by successrve column buffer washes and Buchner :~‘

‘funnel drylng ugtll the pH of the slurry was constant at

jf7 6 The slurry Was poured 1nto a l cm dlameter glass ‘?

ﬁafcolumn under grav1ty to a h81ght of 25 cm.» The column waS\ﬂf .

’_,run under graV1ty w1th a flow rate of 48 ml per hr. The

fépacked column ‘was washed Wlth ZOO/ml of the column buffer

"f,_jand the pool from the DEAE-cellulose column was applled

jsln 100 ml The column was washed with 50 ml of the column

f:'buffer to elute the unbound protelns (presumably non-*-"

’r:.glycoprotelns) and the alkallne phosphatase was recovered R

. 'inThe fractlons from thls step elutlon were 8 0 ml Theﬁlhlv

'”:;jfcolumn was regenerated by pa331ng through 100 ml of the

rcolumn buffer adjusted to pH 9 5 wrth NaOH followed by

35

‘.~hwith a further wash ofgloo mM mannose in the column buffer.pf’



':'_,to7the Sepha : matrlx.f At least l lltre of buffer was

h ml«or'less,

- 36

50 ml of'th;“'_fginal'column‘bufferipH 7. 6»' The regenerated ,

.%ad stored for future use at . 4

7. 5iel Permeatlon Chromatography

:f-200 was-. used to further purlfy alkallne

Qwas packed ﬁnder grav1ty 1nto a 2, 5 cm'
m long column. Inltlally, equlllbratlon

M Trls’base buffer, pH 7 6 (HCl) but 1n the

. 'most recei 'reparatlons the buffer was changed to 100 @y

7_6 (HCl) plus 100 mM NaCl, 0 1 mM MgClz,

0.02 mM . ZnC} 1 reduce non sPec1f1c adsorptlon of protelns'

[P

"fpumped'onto t cdlumn by upward flow w1th a peristaltlc

pump,-the flo; -;e'was-IB‘ml°per hr’and-4¢5;ml}fraction$_;'“

were collec 4 Th_‘sample was applled in a volume of 20
d the alkallne phosphatase was eluted w1th
the Trls, NaCl MgClz, ZnCl2 column buffer. Because the

:ivolume of the pool from the Con A Sepharose column wasf~:‘

: ffioften almost 40 ml, thls sample»was SPllt and the G 200

o hcolumn run tw1ce. The hlgh act1V1ty fractlons were pooled ,'t_',

°7ffand fractlonated w1th ammonlum sulfate. ]wﬁ

"1f8,”7 Ammonlum_Sulfate_Fractiofatlon u’":_ .
| The pool (84 ml) from the G-200 column was

‘li further purlfied by fractionatlon w1th ammonlum sulfate at {_;ﬁi,y

f:}{A The sample wasfdlalyzed overnight at 4 against 1 lltre

oar

'*e ba51s of 1ts size and molecular welght. N
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of 50% (4 l M is saturatlon at 25) ammonlum sulfate in-

100 mM Trls-base buffer, pH 7 6 (HCl) plus lOO\mM NaCl,v

0.1 mM Mgc12, 0,02 el ch12 wrth one change of buffer The

f38 ml of dlalysate obtalned was centrlfuged at 30 000 X g

for 30 min The supernatant whlch contalned the alkallne

<x\\ph09phatase act1v1ty was then d1alyzed agalnst l lltre of.

&

1dentlcally buffered 65% ammonlum sulfate overnlght

e

,:‘ w1th one change of buffer.‘ fhe 31 ml of dlalysate obtalned

- was centrlfuged at 30,000 x g for 30 min.‘ The supernatant

contalnlng the alkallne phosphatase act1v1ty was flnally |

"dlalyzed agalnst l lltre of buffered 80% ammonlum sulfate

R=)

‘.overnlght w1th one buffer change | The 18 ml of dlalysate

'obtalned was centrlfuged at 30 000 x g for 30 mln.' The

' ﬁ%brought up 1n the same Trls, NaCl, MgClz, chl

= :
pellet contalnlng the alkallne phosphatase act1v1ty was

2 buffer that f'

hﬂ contalned 10% glycerol and stored at 4° ”Z_g;‘f.ﬁ\'

_c’C. Protemn Determlnatlon

\

o The protein content of the pu@gfred alkallne

phosphatase fractlons and othef samples was determined by

.,,thhe method of Lowry et al (1951) Human serum albumln_;7'}f-.'

?was used as a standard.“ The samples were made up 1n 200

A

| ‘:~u1 volumes to" which was added 1. 5 ml cOpper sulfate-potassaumf

itartraﬂh,reagent.f Fifty ul pheﬁél reagent was added and

-;after 30 m1n the abeorbance was measured with a Beckman DU tf;;ff"'

spectrophotometer at 750 nm




;”ff:isoelectr;c poxnts (Rxghettl apd Drysdale, lbﬂl) “‘hls

g

D.'. Enzymatlc Assay for Alkallne Phosphatase

| : The method used to assay alkallne,phosphatase '
was that of Bowers and’ McComb (1966) The assay medlum
}:contalned 10 mM p- nltrophenyl phosphate, l .5 mM MgCl
0. 782 M2 ammo-z—methyl l—propanol (AMP) buffer, PH 10. 3 |
‘(HC1) The sample (up to 25 ul) was added to l ml of assaj

'»med}um 1n al cm path length cuvette and the rate of the

reactlon was - contlnuously recorded at 404 nm at 30° w1th a }i

\ Unlcam SP800 spectrophotometer w1th recorder and scale

‘-'_‘expansion accessorles. The absorbt1v1ty at 404 nm of a

. ,‘,
1 mM solutlon oﬁ p-nltrophenol the product formed, is
o ‘ x

;..16 7 (Halford, 1970) . The act1v1ty was calculated 1n

1
, international unlts where l unlt (U) Jis that amount of

‘1enzyme that;w111 hydrolyze 1. umole of p—nltrophenyl phos-

;iPhate per min at 30° 'ipjt zk' .:f.3’s< 3 L

o a,E Isoelectrlc Focusxng of Alkalrne Phosphatase on

'} Polyacrylamlde GeIs

Isoelectric focu51ng lS a technlque that

';L

"'separates proteuns in a pH gradrent on the basls of thelr S

3techn1que has been applled to alkaline phosphatage.,ﬁ:f-”"“

‘ . &

{;I{h Gel preparatlon‘end“Gemposltionao uffer SolutsEps _

38



"polymerlzatlon catalyst,- For the separatlon of serum and
tlssue 1Soenzymes of alkaline. phosphatase a 4% polyacryl—
',amlde gel that contalned l% pH 4-6 amphollne and l% pH

3-10 amphollne was used For the separatlon of. neuramlnl—.
dase treated samples a 4% polyacrylamlde gel %?at contalned
l% pH 5-8 amphollne and l% pPH 7-9 amphollne was used _ The
| ammonlum persulfate was the last 1ngred1ent to be added to
the gel mlxture. Follow1ng this addltlon the gel mlxture
was . degassed and plpetted to a helght of 9.3 ¢m in 3 mm

I. D. x 10.5 cm long plastlc tubes Wthh had been sealed |
‘with parafllm on the bottomvo The gels were polymerlzed

, under 15 ul of water. carefully layered above the gel mlxture
’jw1th a syrlnge 4 | » | ,

. | The upper or cathodal buffer was 0.02 M NaOH plus

0. 25 mM ZnCl2 and the lower or anodal buffer was 0.01 M -

k-H3PO4 plus 0. 25 ‘mM ZnCl.

2 These buffers:were precooled

,to~4 before usea

2. Electrofocu51ng Apparatus

The focu51ng was carrled out in a Medlcal
*jResearch Apparatus focu31ng system The gels were '
posltloned vertlcally between the two buffer chambers and

were cooled to -0 5 by a c1rcu1ating Water—methanol bath‘

L3 Gel Preparatlon and Runnlng Procedure | t_oglb

.!v

The parafllm was - removed from the bottom of the

d

"’gel tubes and a plece of towelllng w1ck held in place W1th'

. . . 9,
o . d» . [SIRN . A

39
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a'rubber sleeve was substituted The gels were put 1nto
hthe electrofocu51ng apparatus Wthh had been precooled to -
‘-0;5°. The precooled buffers were put 1nto the appro-

prlate chambers, the air removed from the tops of the gels

v

'.by squlrtlng buffer onto the gel surface and the gels were

prefocused w1thout the samples at 0 5 mA per gel (constant
current) unt11 the voltage reached 400 V and then this’
_voltage was’ malntalned (constant voltage) unt11 a total
“prefocu51ng tlme of 1 hr was obtalned The prefocu31ng
edlscharged the exoess ammonlum persulfate from the gel and'v
’partlally forms the pH gradlent ' -
| A“'i The samples (0 003 u of alkallne phosphatase o
tact1v1ty if" the gels were to be stalned for\eﬁzyme act1v1ty‘
_or 5 ug of proteln 1f the gels were to be stalned for

| proteln) were mlxed l 1 w1th a 50% sucrose solutlon whlch
'u;contalned 8% pH 6~ 8 amphollne.» The sample volume before TT
”'.sucrose addltlon was: never larger than 50 ul The samples .

vwereklayered on the prefocused ge}s under a layer of 15 ul

l of 20% sucrose solutlon whick: contalned 2%tpH 6 8 ampholine‘_

‘"The samples weretthen focused 16 18 hr at 400V

-

e Removal of the Gels from the Running Tubes "h;sf:pf#?

When focusing was completed the tubes were

' removed frem the apparatus and the gels were»extruded by

p““gently forcing them out 1nto the hand with a pasteur ,
pipette bulb. The gel was washed with 1 ml of otoz M AMP, :
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' pH 9.8 (HCl1l) and the bottom was marked w1th Indla ink.
The gels were stalned for elther alkallne phosphatase

o act1v1ty or proteln as. outl;ned under sectlon II H below

hE." PolyacrYlamide Gel‘ElectrOphoresis

| _} s The method used for dlSC electrophoreSLS was asv
descr18€74by Dletz, Lubrano and Rubensteln (1971) . The
gels were composed of 5. 5% (w/v) acrylamlde, 0. 15% (w4y)
N N-methylene blsacrylamlde, 0. 02% (v/v) wEMED, 275 m o

Trxs-base, pH 8 9 (Hcl) and polymerized w1th ammonlum

: fb gersulfate at a. flnal concentratlon in the gel mlxture of

0 05% (w/v) The ammonlum persulfate was the last 1ngred--
' 1ent to be added to the gel: mlxture and follow1hg thls
addltlon the gel mlxture was degassed and plpetted to a A‘
helght of 6. 5 cm, in glass tubes 0.5 cm I.D. x 5 5 cm long o jf_
whlch had been stoppered w1th small vacutalnervstoppers., |
The gel was allowed to polymerlze for 1 hr under a layer of _b'
25 ul of water carefully layered on top of the gel mlxture o
with a syrlnge. The gels were placed 1n the Buchler '

electrophoresls assembly and the stoppers removed from

' the bottoms of the gel tubes.' The runnxng buffer was 5 5 tj'i o

mM Tris—base, 38 mM glyc1ne, pH 8 3 precooled to 4°:' The- ii-f; t_j

upper or cathodal chamber buffer contained O 1% bromo-
phenol blue which mxgrated on electrophoresxs to mark the ix,// T
1eading ion front of electrophoretxc migratlon.; The samples

(0 003 U of alkaline phosphatase activxty 1f the gels
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- were to be stalned for enzyme act1v1ty or 5 ug of proteln '

if the gels were to be’ stalned for proteln) were diluted

1:1 w1th 40% sucrose -and applled dlrectly to the top of B

’the gel The samples were electrophoresed at 5 0 mA per~

rgel untll the bromophenol blue mlgrated to the bottom of a

the gel.(normally l—l% hr) 3 The . gels were removed from ‘ _""‘
the electrophore51s chamber, placed 1n ‘an. ‘ice bath and were

"removed from the glass tubes by rlmmlng Wlth a Jet of |

' f_ watefgkrom a. syrlnge. -They were then approprlatelx stalned.[:

'G.  Molecular Weight: Determlnat;on b"‘Sodlum Dodec 1
- Su ate Gel’ElectrOphore51s ’ ® SRR

‘ gi. Sodlum dodecyl sulfate (SDS) gels were run to

G‘determlne the mlnlmum molecular weight of alkallne phos—-}”‘é,:

.‘niphatase accordlng to the method outlined by Hedges (1973)

. ': Electrophoresrs was carrxed out Ln gels w1th dlfferent

G .

[»'polyacrylamlde concentratlons, ranging from 6 5% (w/v) to

Ah{fflo 5% (w/v) The other 1ngred1ents were kept constant

were as’ follows. O 15% (v/v) TEMED, 0 025% (w/v) SDS, 25 mM hgolv“
2zisod1um dlhydrogen phosphate, @H 7 l (NaOH) The gels were: A

‘ -polymerlzed w1th ammonium persulfate at a concentratlon of
.;“:0 05% (w/v) 1n the gel mixture. The ge1 mlxthre was de-‘Ei'f
::fgassed and pipetted to a height of 6,5 cm in glass tube;\

710 5 cm I Da x 7 5 cm long which were stoppered with small
€v5vacutainer stoppers.. The gels were allowed to polymerlze

Afor l hr under 25 ul of water carefully 1ayered wzth a

-fl‘afsyringe on top of the gel mixture. Tbe gels were placed

PR . N . o ,'. ,.,!
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fln a Buchler dlsc electrophoreSLS assembly and the :

‘stopper removed from the bottom of each gel tube "The

»runnlhg buffer was so-mM_sodlum dlhydrogen phosphate).;v

l pH»7,l (NaoH) plus'OTQS%‘lw/v)»sbS precoolesito 4°}' The l
.sample;proteins'uere'ihcubated'2*hr at 37°‘with ah incubatff'f‘

';ion buffer that contalned 100 mM sodlum dlhydrogen phOS*_ o
'phate, pH 7 l (NaOH), 1 0% (w/v) SDS, 1 0% (v/v) B—mer-‘ .

A'captoethanol.f ThlS treatment d158001ated the protelnsf

,:1nto thelr molecular subunlts and gaVe the 1nd1v1dual poly-utf 5

»‘“3 peptlde chains a rodllke conflguratlon such that thelr |

*_length was proportlonal to their molecular welght (Segrest; .

"Jh;the method of Weber and Osborn (1969) 88 deﬂcrlbéd in :

f_and Jackson, 1972) f The sample, lo.ul 1n volume, was
.bmixed w1th 50 ul of the sample applicatlon buffer |
jthat contalned 25 mM sodlum dlhydrogen phosphate, pH 7 l
| (NaOH), 0 25% (w/v) SDS, 5% (v/v) B-mercaptoethanol, 50% '. )
[(v/v) glycerol and 0 1% (w/v) bromophenol blue The 60 ul
’ asamples were then layered on the gels and were electro- .
| :,phoresed,at 8 mA per gel unt11 the bromophenol blue __'
ffh;migrated toiihe bottom of the gel (l 13 hr) ) The gels
iﬂwere removed from the tubes as descrlbed in section II F

- ihabove and were stained with Cocmasaie Blue according tovi_x"iﬁipejf?7

"V[section IId 3 below. Destaining was accomplished in 20%
: ;;(w/v) trichlqroaceﬁc acidahnicontrast to &hat used hy
Tfrffweber and Osborn 61969) s D

: "‘ . ," -.A. ""‘ . 3 . o . L
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The mobllltles of the protelns were calculated
: QO
u51ng the formula of Weber and Osborn '

‘distance of proteln mlgratlon 'length before stain

mObl;;tY*— dlstance of dye mlgratlon - X length after staln :

: The mObllltles (llnear scale) were plotted agalnst the

known molecular welght of the standard protelns (logarlthmlc

scale) on sem1 logarlthmlc paper and the subunlt molecular j:\f

- weight of the llver alkallne phOSphatase was determined

The protelns used as. standards and thelr molecular welghts )

were as follows. rabblt muscle phosphorylase a - 92 500, VLf_’

human serum albumln - 68 000 bOV1ne 11ver glutamate

dehydrogenase - 57 500. egé whlte ovalbumln s 43 ooo-

“’rabbit muscle glyceraldehyde- -phosphate dehydrogenase -t
S 37 OOO. and plg muscle lactate dehydrogenase - 35 000

"“-H;vpplxgcrylamidgbcal,staipinq ,?~'”

Al

'5l'l Stalnlng for Alkaline Phosphatase\Acth1tY

Naphthol As-Mx phosphorrc acid was used to stain

the gels for alkaline ghosphatase aetiv;ty.f The staln was ﬁl

‘”f made up Just prior to use and contalned 0. 006 mM naphthol

AS-Mx phosphoric aC1d. 6 mM}MgClZ. 0 10 mM ZnC127 0 l% ‘fetﬁtﬁf g
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- fwith‘b 85 51 of.the stain'solution for‘loelS”minhin
fpec1ally constructed glass tubes de51gned such that the
smaLl volume of stalnlng solutlon was 1n contact w1th most
‘of the gel The staln was removed from the sta1n1ng tubes
; and the gels were allowed to develop fluorescence until
: i‘the apprOprlate 1nten51ty appeared S }_‘ - -
| | | To photograph the gels they were placed 1n the
/‘lgfhstaln tubes on a dull black backgroudﬁ and 1llumrnated w1th
‘.%}rtwo 20 1nch long-wave ultrawlolet 1amps, one on elther 5!f,‘ f;‘ o
“lifside of the gels. The room llghts were turned off Arhehi¢ s
5gels were photographed through a comp031te green (No. 50)
T'?Q;Klett fllter wrth a Polaroxd MP-3 camera loaded thh land
i-f:?‘pack type 107 film. The exposure time was 5 20 sec 4
lf”75depending on the lntensity of the fluorescent bandsﬁand

'ithe f-st°p was’ 4 5- ‘ffV'T.-WA;*ffT]‘f". ?’élfrj'_f;f‘[é;fﬁé;~Cyfx:u

'1’fih2 Stainlng for Protein ;p;{gf'}l: S L

. _::. E The protein gels vere partially removed fr°m'
I.faﬁitheir running tubes as described in section II E 4- and
‘5ffl?II P above and theélower.s mm of each gel”was marked With




acetic a01d.‘ The gels were stained at 65° for 15 min and

| then transferred to a destaining solutlon composed of 25% B |
-(v/v) ethanol 10% (v/v) acetic ac1d and 65% (v/v) water.i ;f.‘
':The destaining was carried out -in. 16 mm X 100 mm test tubes
‘w1th oontinuous miring on a rotator.» The destaining solutlon
was changed 3 4 times over a period of 6 hr until a light
"lblue background ‘was apparent. The gels were then placed

‘»1n 65° 10%- (v/v) acetic ac1d for 30 min to complete the .A

| fgxldestaining procedure.- Théy were stored in 7% (v/v) acetic S

‘”Y? placed on a light box such that the surface of the slab was

/

-fac1d ;.;%r,=-_d_f‘ B

To photograph the gels, they were placed ln grooves
.7cut into a transparent white plastic slab The slab was

e -

foi2 -3 inches above two 8 1nch fluorescent lamps.n The gels

',gfﬁmere photographed w1th a Polaroid MP -3 camera set at f~

| "'stOp 11, 1/15 sec exposure time and fitted w1th a- green

‘ff;(No.-SG) Klett filter., The film used was Polar01d land

L -'.';'.’-pack type 107.

;”*bﬂ3é‘ Staining for Protein on SOdium Dode‘X; Sulfate Gels f:h

The gels run{ _riminimumxmolecular weight deter-' fgtf‘f}f:#i

t%f:qmination “siné SDs as"eScribed in sect;on II G above were




o
gﬁ}\ o
o ¥~; o ,YYV\'Y FEIRAES c, :'.gb" | L
uwith Indla 1nk 1n3ected lnto the gel w1th a syrlnge f?be v
~gel was placed ln the followxng stalnlng solutlon 0 25%
‘,(w/v) Coomassme Blue R-250, 10% (v/v) aoetlc aC1d, 45%
nb(v/v) methanol, 45% (v/v) water They were-stalned in jﬁ
'VR16 mm X 100 mm test tubes mixlng on a rotator for l hr
;_sTwenty per cent (w/v) trlchloroacetlc ac1d was uggd to de-e; f‘

Tcstaln the gels sxnce 1t was found to be faster than the de—ls

. \

*yzstaln of Weber and Osborn (l969) f The gels were desta;ned

i

'f}ﬂfovernlght w1th 4 5 changes Once the background was clear

\

:;E?the gels were'transferred to 10% (v/v) acetic a01d to changejJ'
53}:;the color of the proteln bands to a lxghter blue.; They werei} s
‘eﬁfphotographed as descr;bed in sectzon II 4 2 above aﬁé stored ?n'f

']filn 7% (v/v) acetic acid
1“4 Stalning for Glycoprotein w;th Periodic Acld Schlff
e Reagent R R

a- S
Once the gels Weré rEmoved from the running tubes

*}tcfas described in II F above}.the‘bottom of the:telﬁwas marked.f?éijifi.
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.‘ ‘:4 ) .,’.
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L)

2% hr w1th 0 2% (w/v) sodlum metablsulflte 1n 5% (v/v)
acetlc a01d and stalned w1th SChlff reagent (lO g fuch51nl‘ =
per lltre water plus 200 ml l N HCl and l7 g sodlum meta—guusiM

blsulflte) Colcr development took 18 hr at robm temp-’-q;ggff '%y"
RN q, .,"

P .erature. The gels were stored 1n 7% (v/v) acetlc ac;d

1

S The gels used for lsoelectrlc focuSLng contaln

';f ampholytes whlch set up a pH gradlent throughout the length

cf the gel.: Gradients of pH were determlned on these gels
to establish the pH range that was lnvolved ln the length
6f the gel, to determlne the llnearlty of the gradlent and
to determlne the 1soe1ectrlc poznts of the focused alkallne ,1;:
phOSphatase 1soenzymes., Gradlents were done on both the Q% Agl;flT

(w/*) polyacrylamlde, 1% (w/v) pH 4 6 amphollne, 1% (w/v)

ph,3-10 amphollne gels used for focusing alkallne phos-'f .
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rempved from the gel tube and cut 1nto 3 mm segments w1th¥
a razor blade. The average length of the gels was 7. 8 cm' |
' resultlng 1n 26 segments Each segment was. put 1n a smallxg"

test tube (10 mm X 75 mm) whlch contalned % ml of delonlzed,‘

/ B

degassed water. *The segments were allowed to sxt for 1 hr

to equlllbrate and the pH of each segment was determined

'

’ W1th1n 2 hr. Thls procédure should mlnlmlze the effect on.
: .

» e “. é-,_ :

PH Qf CO2 dlssolv1ng 1n the water.‘ The read;ngs were donef;-t,“”
on the pH Meter,type PH M25 GQU1pped w1th a mlcroprqbe R

comblnatlon electrode.A The remalnlng gels run Wlth the

e -W_,
grad;ent gel were appropriately staxned for alkalxne phos-

phatase actlvity, the dlstances of the bands measured and

3 -3
t‘the/Rf s of the bands determlned. Theilsoelectrlc p01nt§

ff'these bands could be obtalned from the determlned
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;Wfstandard protelns used as molecular welght markers were.r R

;1 fabblt NUSCIe pyruvate klnase~- 237 000. rabblt muscle

For the determlnatlon of the molecular welght - : .

of alkallne phosphatase a 2 5 cm dlameter x| 90 cm long',='

__fcdlumn of G-200 was used. The buffer was 100 mM Trls-jv,“

'base, PH.7. 6 (HCl) plus 100 mM NaCl 0. 1 mM MgCl The |

ﬁf:aldolase —-160 000; E. c011 alkallnexphosphatase - 86 ooo,,

T;’and yeast phosphoglycerate klnase - 47 000. The prepared

7‘lgfenzyme markers used were essentla ly pure as Judged by the ':‘[.3“'

'fopeaks obtalned from the G-200 column Wlth the exceptlOn '

"{“?f aldolase (chromatographed 3 tlmes) each of the molecular 5h
ﬁfwelght markers and the purlfled llver alkallne phosphatase
‘mffwere chromatographed 51x tlmes.< The sample 312e was l ml ’ft; ut

5,and 4. 5 ml fractlons were collected The peaks of the

]

"lVE' c011 and human llver alkaline phosphataSe were determ- RS
;Eined by assaylng the fractions for enzyme activlty as‘vﬁw 
7ﬂ¢escribed 1n section II D above., The peak of pyruvate : "”}["

”h;kinase was determlned by monitor;ng the 0022 of the fract-l.e};lg'*




]

. (log scale) of the standard protelns were plotted A

thelr elutlon volumes (llnear scale) and the appa entf'

" molecular welght of alkallne phOSphatase was determlned

‘K; Stablllt 'Studles of al

| o Varlous Buffer Condltlo

kallne Phos'hatase under‘hh‘ |

- PR -
e . . N N

A portlon of purlfled llver alkallne phosphatase. !h
_:" was stored under each of the follow1ng conditlons 1 N ,
t"d:;lljlo mM Trls-base, pH 7 6 (HCl) plus 10k (v/v) glycerol at 4° fliy:'
: 'fz.v1oo mM Trls~base, pH 7 6 (HCl) plus 10% glycerol at 4° )

1:.7_.'3'. 10 mM Trls-base, pH 7. 5 (HCl)**‘plus‘*

' 4-;10 mM Trls-baseu pH 7. 5 (501) at 200 o

' o). ; ,
:5. 10 mM Tris-base, pH 7 6 (HCl) plus 80% (w/V) ammonlum
:;,sulfate at 4 : : ,

The purzfied liver alkallne phosphatase was assayed at ;1"

113 000 U/l and l 50 dllutrons were made 1nto the ’araous ivf,,hi,Q'h5

g huffer solutions so that ‘the. 1n1t1al activ1t1es~wo'ld be fr:';mﬁha :7
the same value,; The initlal act1v1ty was 2 210 U/lu The. kS

. samples were assayed\at various tlmes over a five month | S

lperiod and the most suitahle oonditzons for the enzyhe were :“ﬁﬂi,:]d@

\\ determined.vryy'?" L ISR :

L e Sl |
f /fL Alkaline Phosphatase Substrate Specificxty Stud;es

:; . '/ T

The foux substrates, -glycerophosphate,1_~naphthol




B . . . .
LA ST

4/,' .

demonstrated predomlnantly llver alkallne phosphatase, . °

ke

'and a serum. sample that demonstrated predomlnantly bonef

: alkallne phosphatase as Judged by polyacrylamlde dlSC gel

electrophore51s. Comparlsons were then made among 1so~f

iy
(i;k

enzymes w1th a common substraté and among substrates w1th

s a common enzyme source._ All the act1v1t1es were converted

to 1nternatlonal unlts (meIGS of substrate released/mln/

lltre of enzyme solutlon) In order to compare these four t,.‘7

52

substrates, the only varlable was. substrate and all other'f"'"

factorsssuch as. buffer comp051tlon (0 782 M AMP buffer, pH

S 10 3 (HCl) plus l 5 mM MgCl ) were kept constant.» Thls: f

was not the buffer used 1n the orlglnal methods utlllzlng

these substrates.~°gﬁ-ﬂddg.;bfpj ‘é!f 5'<_"«dﬁ.'f;;

.;_) N

f:f”pl p—Nltrophenvl Phosphateias a_ Shbstrate 1

The p—nltrophenyl

M AMP buffer, pH 10 3 (HCl) plus

McComb, 1966) The éeaction rateﬁmethod outllned ln sect- f‘i_rhu

g -
1on II D above was used The reactlon was run at 30°

‘, Lo Lo . ‘Q

nglycerOPhosphate as a. Substrate ,ffp»i‘df iﬂ'yj S

The B— ycerophosPhate was 23 mM (Shlnowara, ;M‘:v

o Jones and Relnhart, 1942) in 0. 782»M AMP buffer, pH 0.3

(HCl) plus l 5 mM.MgCl s The alkallne phosphatases from

2

’- "«

'hiﬁhthe varlous so?rces were 1ncubated 1ndiv1dually w1th 1 ml

T 'fof the substrate at 39° for

;“fhrc the reactions w%re
; R

’ 'stopped with trichloracetic aoxd and the amount of ths_u;r-‘

5 M MgC12 (Bowers and . -3; oy



phate released/detErmlned ThlS WjB/CGHijrted to enzyme
activity in 1nternat1§xa1 units. o

3. ;BfNaphthol Phdsphate as a Substrate

The B&naphthol phosphate was lOmM (Sellgman et al,.-

1951) in 0 782 M AMP buffer, pH 10. 3 (HCl) plus l 5 mM

MgCl The alkallne ph@éphatase from various tlssues was

2 g _
lncubated Wlth 1. ml of the substrate at 30° for 1 hr, the

" reaction wa51stoppedpw1th trlphloroacetlc acad and the

- phosphate ;eleased'determined.‘ This was converted to

~"Plus 1‘.5 mM MgCl

enzyme activity-in international units,

4. PhenolphthalQLn Monophosphate as a Substrate

:n The phenolphthaleln monophosphate was 2 5 mM
(Babson et al, 1966) 1n 0. 782 M AMP buffer, pH 10. 3 (HCl)
9 The enzyme.was 1ncubatedpw1th l ml of.
sUbStrate'for lvhr at'30° ’the reaction was'stopped with

.5 ml of - color stabilizer. (0 lO M trlsodlum phosphate, pH

11.2 (HCl)), and the tests were read agalnst phenolphthaleln

. -

- standards to determlne the enzyme actLV1ty

M. Km Determination»of,p—Nitrophenyl Phosphatev

'i'The Km of p—nltrOphenyl phosphate was. determlned

-:on human liver: alkallne phosphatase.' The buffer used was

2

0. 782 M AMP, pH 10. 3 (HCl) plus 1 5 mM MgCl

2« The -sub-

f"strate concentratlons ranged from 0. 095 mM to IOmM 'Thetﬁ

g

éfassay procedure of Bowers and McComb (1966) -was used ;‘.’Af

°
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,employlng a reactlon rate analy51s at 30° , The rate of

- p- nltro henol formatlon was. monltored at 404 nm using '16.7

1lllmolar absorbt1v1ty (Halford 1970) A Llne—.

o
»weaver Burk plot was drawn and the K was determlned

' N. :.-Heat Stablllty Treatments of the Isoenzymeg of
A Alkallne Phosphatase R i gh

Purlfled liver alkallne phosphatase ahd the
partlally purlfled 1soenzymesAErom bone, 1ntes!!ne and '
,placenta were tested for thelr stablllty at. 56 0° for

,exactly lO min (Moss7 Shakespeare and Thomas, 1972)

Immedlately after treatment the samples were placed in ‘an’
'1ce bath and assayed w1th1n 30 mln for the remalnlng

Aalkallne phosphatase act1v1ty

AO.'l Neuramlnldase Treatments of leer and Bone Alkallne
. Phosphatases : -

The pH optlmum for neuramlnldase (V1br10 cholerae)
”’_is 6. 5. The neuramlnldase treatments were done at pH 6.0

;and at 25 .: Thls was achleved by 1ncubat1ng the alkallne »‘/

: “_ﬂphosphatase 1n 50 ul of 1néct1vated serum (heat 1nactivated

B hr at 56 ) plus 5 ul l 0 M 2 (Morpholino)ethane-

'u'sulfonlc acxd (MES) buffer, pH 5 0 or in: 50 ul 100 mM Tr;s~i.fk

ebase, pH 7 6 plus 2 § ul l 0 M MES buffer, pH S 0._ Thrs- N
rresulted 1n solutxons of pH 6 0. To 55 ul of the heat s

’? 1nact1vated serum buffered at pH 6 0 were added 2 ul of

-_pure liver alkaline phosphatase Bpe01£lc activxty - 480 '

7units/mg), 3 ul of neuramlnldase and 3 ul of toluene as a-'



: preservativeh Several samples were‘lncubateQ/under thesel
Condltlons for varlous lengths of trme (24 h&, 48 hr, etc ).
 The max1mum tlme the treatment was carried out was 96 hr.

It was. found that treatment was essentla/ly complete

after 72 hr as Judged by the enzyme activ1ty patterns

lon 1soeLectr1c focused gels (see sect%on II.E. above)

_Fresh allquots of neuramlnldase were/added to the 1ncubat1ng(

N

mlxture every twelve hr to 1nsure éntlnued act1v1ty of

the neuramlnldase throughout the 'ncubatlon perlod.

55



'-hof approximately 0 2 - 0 3 U/mg (Tables l and 2)
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o . | IR
- CHAPTER III |
PURIFICATION OF ALKALINE PHOSPHATASE
RESULTS AND DISCUSSION

A. Inltlal Extractlon

Alkallne phosphatase 19 a glycoproteln located

o .

-»1n the plasma membrane of mammallan tlssues (See sectlon

’I B 2 above) : Thus 1t is necessary to employ some type of o

=]

‘extractxon procedure to solubillze the enzyme so that lt

:hcan be further purlfled The method used here lnvolVes.F

homogenizatlon of the tlssue ‘in buffer and aqueous solub-

"ilization of the alkallne phosphatase by treatment w1th ~
,fbutanol A summary of the specrfic actlvitles and
’,recoveries of the enzyme followxng each purlflcatlon step :

» is glven in Tables l and 2,

After the alkallne phosphatase was extracted

-‘from the tlssue w1th butanol 1t had a speciflc actlvity _fyh;-

e

s

‘afFractionation steps W1th acetone ‘and ammonxum sulfate o
‘each produced approxlmately a 2 times purificatlon of theﬂr:‘

- enzyme with high yhelds to'result in a crude extract with~:q

~

:tf_a specific activity of l 0 U/mg.~ Both the fractxonatlon f .
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YS£9?S‘émP1inn§-adetonefor ammonium sulfate’were eas§/

. t.'

rapmd Steps 1n whlch the enzyme was 1mmed1ately precxp;tat-

ed followxng addltlon of the acetone or ammonlum sulfate.;. -
Spec1f1c act1V1t1es at thls stage of purlflcatlon -

-are 1n agreement w1th other workers Narayanan and Appletonfg'-"

59

(1972a) obtalned a spec1f1c act1v1ty of 0 96 U/mg for human et4

1ntest1na1 alkallne phosphatase after butanol extractlon,_e'

- 30 50% acetone fractlonatlon and 50 70% ammonlum sulfatev

Sl

fractlonatlon steps, Smlth et al (1963) Obtalned Spe01f1c AR

o act1v1t1es of l 24 U/mg for human llver and 0. 88 U/mg for -
human small rntestlne following the same procedures,_j"
Usategueromez, Yeager and Tarbutton (1974) obtalned a

'_specxflc act1v1ty of 1 4 U/mg for an ammonlum sulﬁate

fractlon Of a butanol extract of human placental alkallne:‘"' i

PhOSpha.tase. - 1 ,A .
Chromatography
1. General Considerat;ons   jy?tf?

Inltially only two chromatographlc steps were

used~ gel permeatlon on Sephadex G 200 and 1on exchange

on DEAE-cellulose accordlng to Moss et al (1967) ; Chroma~f_f;:ff

tography of the ammonlum sulfate fractmons on the gel

permeation column requlred the sample to be run 1n severalf,;*f¥7

aliquots because of the large

et;was dialyzed at this"staqe‘inh“he purlficatlon.

'"1umes introduced when the o



The fractlons from the gel. permeatlon procedure were then .
{”applied to- a column packed W1th DEAE cellulose._ Thls h

'_hsequence of steps resulted 1n alkallne phosphatase extracts

hiwhlch consrstently had spe01f1c act1V1t1es of approx1mately
[106 U/mg proteln (See Table 2) BRI

' To help 1mprove the purlty of the enzyme afflnlty

_chromatography on concanavalln A-Sepharose (con A-Sepharose)

l;f:was 1ntroduced 1nto the purlflcatlon procedure.' Thls .

-{ chromatographlc step was employed 1n1t1ally after the

,,zi ammonlum sulfate fractlonatlon step and before the gel

.”i;irﬁpermeatlon and 1on exchange steps However, thlS order,r‘

"f{vwas found to be dlsadvantageous because the con A~Sepharose o
*'&column d.’l.d not have enough glyc09rote1n blndlng capacxty "

' pito handle the crude extract from the ammonlum sulfate

5

'7'fractlonatlon step . To alleviate thlS problem and also -

"ito enable the gel permeatlon step to be accompllshed w1th

60

.‘;only one’ sample appllcatlon, the dlalyzed ammonlum sulfate_:hﬂ7"

\fractlon was fxrst put on the 10n exchange column, followed

‘lby con A—Sepharose afflnlty chromatography and 'j‘

'f“PerMeatlon chromatography on Sephadex G 200. The ion

"’.}5exchange column as constructed could blnd all the proteln};’V"

'”‘gfpof thefcrude.extraCt and the separatxon was not affected

m

“‘*ifi;by the volumetof sample applied. The °°“ A—Sepharose |

;a;:icolumn was now‘able to biﬁd the alkaline PﬁOBPhatase mOre i.p o

"1thtthe Qel permeation step as the 1ast ”}lj‘l;“g



:Hcolumn procedure the sample could be run 1n one allquot
'}” because the fractloh from the afflnlty chromatography o

.1~column was eluted 1n a sxngle peak of low volume \?The3

'*speciflc act1v1t1es obtalned by these modlflcatlons were S

f;l75 --200 U/mg proteln (Table l); a conslderable improve- |

ment over the orlgxnal purlflcatlon procedure.g Z'Jf;ﬁ

‘vf2 DEAE cellulose Ion Exchange iiv,*;;l‘ ;f.l‘

Ion exchange chromatography was performed u31ngg ﬁ,..”

”VDEAE-cellulose equllibrated w1th the Trxs-base buffer

| }iedescrlbed in III B.5 above The size of the column was
‘:'ff‘such that the proteln applled bed volume ratxo was l 10;15 .
lhffInitlally, the column was developed wrth a llnear gradlently
'Vsijof 0. 0 - 0. 3 M NaCl and the alkaline phosphatase act1v1tY |

was eluted at approx1mately 0 13 M Nacl Thls is sxmllar s

"”to results of Ohkubo, Langerman and Kaplan (1974) who g:”

: found.the rat llver alkaline phosphatase was eluted by

»'*u_approximately 0. 14 M NaCl. In 1ater purlfications the e
t‘-ggradient was made 0 0 - 0 2 M NaCl and better resolutlon f:
"*fjof the protein peaks resulted.l Flgure 1 shows a tYPical

'”“%ifhelution profile'of liver alkaline phosphatase from a DEAE-Efl
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3. Concanavalln A Sepharose 71]:\Vt;2 S

N SR . . s .
' " KJ

phosphatase on: a DEAE cellulose column

'~p (a)' ‘Liver 5 ;“5”:

B
p

< :

Flgure 2 shows a typlcal elution profile obtalned'“

-then the DEAE cellulose fractlons were chromatographed by

»Vﬁ-iaffrnlty chromatography on concanavalln A—Sepharose No f'

F

o alkallne phosphatase could be eluted from the column Wlth

"”ﬂgz column volumes of equlllbratlng buffer but the enzyme o

iv;upeak with: 100 mM mannose solutlon 1nd1cat1ng that 1t is. a_'
”bloosely bound glycoproteln f Undoubtedly other loosely B
‘,"ffbound glycoprotelns would be eluted as well However, a
d»i fnon-glycoprotelns would be discarded 1n the buffer wash
'ﬂthhe purlflcaglon obtained with con A-Sepharose afflnlty f’
fchromatography was 10 —'30 times that of the applled |

?Q;bfractlons of llver alkallne phosphatase. “p¢T.

(b) Intestlne

e

Over 65% of the 1ntestinal alkallne phoephatase

x*t*was eluted with the sample and wash buffer 1n a typical

- ”5.tie1ut1°n oflintestinal alkalxne phosphatase from the con

'lact1V1ty was recovered 1n good yleld (Table l) 1n a 51ngle o
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* ALKALINE PHOSPHATASE ACTIVITY (U/ml)

o
o

' . Mamoso

— -1:5’0Q'f

-OSOO

~—4
coNe Nm ATION (0D 555 )

- PROTEIN

act ;_}'.Zity (U/ml)

d, lufin ‘was ‘washed’ wit‘,the‘iv"“
-he. 4 lkaline phosphatas was eluted” ,1th
se in the calumn buffer solutl, kalme
RS protein co'centr ts.on

64
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00 FRACTION NUMUBER |

-+

coluin buffer: was 100 mM- Tris~base, pH 7.6 (HC1): contalning

100 mM NaCl. 0.1 mM- MgCl. and 0.02 mM ZnCl,. After the .

;aamples was applxed ther golumn was washed 3ith ‘the column

""" buffer and the alkaline phosphatase was eluted with 100 mM

.- 'mannose in’the column‘buffer solution.. . alkaline phos-ﬁ*
‘ ugphatase actxvity (U/ml) G e e e

65

f”;Flgure 3 Elutlon profile of intestinal alkallne phosphatase?;f[hl
o, from- concanavalin;A~Sepharose affxnlty chr tography The. .
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that the carbohydrate to” proteln ratlo was about eight
» tlmes hlgher in the adsorbed materlals on ‘con A- Sepharose

‘compared to the non- adsqrbed materlal Slnce 1ntest1nal_

,alkallne phosphatase is not a s1aloprote1n as outllned 1n;
. B :
IV.D. 4 below, it probably is a more weakly reactlng spe01es

w1th respect to carbohydrate structure than 11Ver alkallne
phosphatase resultlng in non- adsorptlon of the majorlty of
_the enzyme act1v1ty : The proportlon' of the 1ntest1nal

A alkallne phosphatase that was adsorbed mustchave contalnedA
‘ enough carbohydrate re51dues of a reactlve nature or con-5‘
flguratlon to be adsorbed to the con A Sepharose column
fKeeplng 1n mlnd that the con A- Sepharose column was not

. b
’ overhoaded w1th glyc0prote1n this. m%y suggest that the '

]

L 1ntest1nal alkallne phosphatase may not be homb@enous

.

"w1th reSpect to carbohydrate m01et1es.nt thelr conflgur—)
hatlon. ” | -_:;a

A typlcal elutlon proflle of bone alkallne

~¥y< phosPhatase @Eigure 4) from the con A-Sepharose afflnlty

"’;chromatography column shows that 25% of the act1v1ty was

‘"not adsorbed toche column The resg was eluted w1th 100

_meamannose solutlon. The~column was not bverloadeg w1th o

'”"‘respect to glycoproteln. ThlS suggests that ‘a mfhor 3

'7.f;portlon of bone alkallﬂe phosphatase may contaln a more

:f;weakly reactlng sPec1es wlth respect to carbohydrateL/

PR
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o
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~ FRACTION NUMBER

©ALKALINE PHOSPHATASE ACTIVITY (U/ml),
~ PROTEIN CONCENTRATION (OD z8mm)

Lo
i.

. ﬁ’ighsre, 4 - "Ei\‘x'tiori.‘ pmfug; ‘of.‘bdhe 'a"l‘lkalli'nle,phoSphaté‘své'_fi:_om
foncanavalin A-Sepharose affinity chromatography.  The =~ .

. ¥eolumn buffer was 100 mM Tris<base, pH 7.6 (HC1) containing . -

- 100 mM Nacl, 0.1l mM MgCl. and 0.02 mM ZnCl,. -After the
- sample was applied, the ’aqumnn'wa-s washed‘ﬁith;.thg column =
- buffer and the alkaline phosphatase wWa's eluted with 100 'mM

~mannose in the column buffer solution. ®, alkaline phos~ . ‘\ )

. phatase activity,. (U/ml); o, protein concentration

O‘,‘Q
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structure as dlscussed under 1ntest1ne (See section III B.
3(b) above) This 1s 1ndlcat1ve that bone alkallne phos-
phatase may not be homogenous with. respect to its carbo-
.hydrate m01et1es 51m11ar to the pattern shown for 1ntest1nal

| alkalrne phosphatase, but that the major component, that

" which was adsorbed behaves in a manner more 51m11ar to :

that of llver alkalrne phosphatase

{ 4. Sephadex G 200 Gel Permeatlon -j
: The purlflcatlon obtained from the Sephadex G- 200 | =
‘column was from 3 - 11 tlmes dependlng on whether 1t ‘was d
sbthe 1n1t1al chromatographlc step or 1f 1t followed another.“
‘f chromatographlc step (Compare Tables 1 and 2). leferent
‘_preparatlons of llver alkalrne phosphatase chromatogfaphed
- on. the Sephadex G 200 gel permeatlon column con81stently
were eluted w1th the same elutlon volumes, 1nd1cat1ng
v;they were homogeneous w1th respect to. molecular s;ze"
(Figure 5) More than half of the bone and 1ntest1nal
';extract act1v1t1es, when put through the. Sephadex G 200
. column’ were not 1nc1uded to any degree and- were eluted 1nv;-.
.the vord volume.x This 1s lndlcatlve of a molechlar sxze-
';greater than 800 000 daltons whlch may be an aggregate
of the molecular specxes that eluted wrthin ‘the fractlon—'

'atlon range of the gel permeation column (See sectlon IV
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‘.Figure 5 Elutlon profxle of liVer alkalxne phosphatase N

Zg’from Sephadex G-200 gel- permeatlon ‘column: chromatography.
-The.column buffer was 100 mM Tris~base, pH 7.6 (HCl) con-
~. taining 100 mM NaCl, 0.1 mM MgCl2 and 0.02 mM ZnCl ‘
: .ialkaline phosphatase act1v1ty; o, proteln concentration }
S (00225 mn) Sl e /
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f the enzyme present 1n the orlglnal butanol ext

The ylelds obtalned after the gel permeatlonA

step for the llver 1soenzyme were approxlmatelz)yS% of
ac

ts and

the spec1f1c act1v1t1es were 175 - 200 U/mg proteln

| Other workers us1ng the same techniques except the con

Sepharose column haVe obtalned 51m11ar ylelds Smlth ;‘

5et al (1968) obtalned a 10.4% yleld for the human 1ntest- f3

inal enzyme, Usategul—Gomez, Yeager and Tarbutton~(1974)

obtained an 11% yleld for human placental alkallne phos-‘

_*phatase, Narayanan and Appleton (l972a) obtalned a 5%

h"yield for human 1ntest1nal alkallne phosphatase ‘f"'

C. Ammonium Sulfate . Eractlonatlongof leer-Alkaline'
PhQSphatase j;?5v_m’ o f-_ e _T'

i'-.

Hli fractionated further with ammonlum sulfate ‘to remove add- S
;x'itional 1mpur1ties and any proteln Wﬂlch may have denatured

'f'during the preparatlon l One third of the enzyme act1V1ty

a came down in the 65% (w/v) saturated solutaon of ammonium

j‘sulfate (4 l M is saturatlon at 25°) and ‘the rest wag pre_:fﬁpjw”

'*freatqrated"ammonium squate.pellet which had a spe ifio
'7:act1v§§y tor alkaline phosphataae of 480 U/mg;protein,‘

'“[:This fractionation resulted in a protein in the 65 - 80%

W’S’J . -.

Thiu waa 3 ttmes puref‘than the enzyme obtained off the gel'}
" permeation column and resulted in a totalxpurification of |
18_1’01 tines that Of the original butanol extr

"x.:;ggﬁ{ /::f _u;gi;';_v~~

The llver 1soenzymes of alkallne phosphatase weref

o
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. cipitated bY an 80% saturated solutlon of ammonium sulfate.l'u




- D. o Purity and Stabllity of Liver Alkaline Phosphatase-:
'f The purity of the liVer alkallne phosphatase

preparation was demonstrated by examination of the protein o

| stained and enzyme stained bands obtalned on polyacrylamlde R

'disc gel electrOphoresis (See section IV A, l below) What
viappeared to be a 51ngle protein staining bandLhad the same.'
'mobility as the alkaline phosphatase activ1ty band (Figure.,;d
6).' The major band on SDS polyacrylamide dlsc gels (See
'section IV B 2 below) was determined to be alkaline phos- i'b'p
Vphatase protein on the ba81s of the correlatlon obtained (
; between the intensity of the major proteln band and the B
'specific act1v1ties obtained from various preparations.."
f , The most purified alkaline phosphatase was runfptf
on an- SDS polyacrylamide gel and it was stained for protein
_usinq Coomassie Blue R-250 (Figures 14 and 15) as outlined
in II H.3 above This gel was then scanned at 620 nm. -
{-using a Beokman DU spectrophotometer equipped with a - .
"Gilford Model 2410 5 linear transport for scanning gels. f;f:d'}
¥~(From the scan of this gel as well as'f%omtvisual examination ;
) g ,

fbf the gel iteelf, it was estimated that the major protein
Lband attributed to alkaline phosphatase was approximately

';with respect to differential staining of the proteins by

‘ COGmeaaie Blue as well

'ﬁthe inharent error in the
»;;eetimation itsel£" | 3

f?75§ pure*f"This'estimation“of*purity is subject to error 55”’L B
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R

»‘-demonstrates the purity of human llver alkaline phos~fa‘f
phatase preparation. The spec1fic act1v1ty of this | ;'
| sample was 480 u/mg proteln. By these criteria specific -
\]_activ1t1es of 175 - 200 U/mg protein obtained for samples
hrcarried through the gel permeation step but not through
fthe final ammonium sulfate fractionation indicate that

”they are. approximately 30%° alkaline phosphatase protein f'

h‘-eand that 100% pure alkaline phosphatase protein from human: ;

4i11ver would have a spe01flc act1v1ty of 650 U/mg prdtein

' ;From the act1V1ty obtained 1n the original butanol extract,._la.,f

o ,it was found that the Path°1°9éFa11Y normal human 1iver. f:

, contalned an average of 3. 6 U/g wet weight of tissue. For 7\};1 .

Y o
PRI

o a 1. 5 kg livef this results in a total of 8400 U of

o alkaline phosphatase actiV1ty or 12 mg of alkaline phos-*,.v

”1~phatase protein.. Alkaline phosphatase representa 0 0009%

.:p:of the protein present in the human liver compared to 6%

"pffor E. coli alkaline phosphatase protein.‘ (Sea séction

. N R
o 8 G. above) However, a 15% yield of alkaline-phosphatase-' ‘
‘(’after the purification procedure results in obtaining just

57p"under 2 mg alkaline phosphatase protein from 1 5 kq 1iver _ifl'

5f,[tissue._d~_1~?"~vfﬂ“"*”

Tablen3 ohows the data obtained from the long term_ §
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1.

sample in 10 mM Trls-base buffer, PH 7.6 (HCl) provrded

" the best condltlons for the storage of the enzyme.

Precrpltatlon of the enzyme 1n an 80% saturated solutlon 1
’-of ammonlum sulfate resulted 1n a rapld 1055 of alkallne
.phosphatase act1v1ty and is not recommended for storage

of the enzyme. ‘

f{E}: _ Concentratlon of Purlfled Alkaline PhOSphatase‘;

l;,yV Polyethylene Glycol S
Samples of llver tlssue and bone trssue alkallne ‘

:5; phosphatase were dlalyzed agalnst at 10% solutlon of

: ,polyethylene glycol, 20 000 (Carbowax) 1n 10 mM Trls-base

,"buffer, pH 7.6. (HCl) that contalned\o 1 mM M9012 and 0 02 o

tf5mM ZnCl This resulted 1n concentration of the enzyme

2"

”Ti‘;solution to one genth‘!g ltS original volume in 7 = 9 hr

'V}fw%th 90% of the enzyme agtrvxty recovered ‘ Tnis technlque

”*;yiwag of 1itt1e use: for trying to concentrate samples with

1Qf~volumes less than 1 ml 1

'yfhas been used to concentrate samples from the Sephadex }"“
"/ i

'i’:G-ZOO column which were typlcally as much as 50 ml yItff*"

»

i‘:;g;;_” ;Membrane Concentrators
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ThlS was only a 47% recovery of the enzyme after con-

loss of act1V1ty was probably due to

centratlon, alth h the act1v1ty Was concentrated 5 tlmes.
'The reason for tiC

_non—spec1f1c blnd:.ng of enzyme molecules to the membrane.’,_ -
- :‘As a result these membrane concentrators cause a cons.uder-"
able loss of enzyme act:.v:.ty and are unsultable for
.,fquantltatlve recoverles. | '_; - . }' Q

Ln e



‘ CHAPTER IV
STUDIES OF ALKALINE PHOSPHATASE

RESULTS AND. DISCUSSION o

‘A, Electrophoretlc Propertles of Alkallne Phosphatase

"K‘
»ﬁ Polyacrylamlde Dlsc Gel Eleotrophoresxs i

| DlSC gel electrophoreSLS was carrled out malnly

'for the purpose of demonstratlng the purlty of the human

‘llver alkallne phqsphatase (Dlscussed under sectlon IIT. D 8

_-above) and not for dlstlngulshlng between the 1soenzymes
;of varlous t;ssue Orlgkns Flgure 6 shows the electro-'

VLt,phoretlc patterns of human llver alkallne thSphatase

7%

_-stalned for prﬁteln and alkallne phOSphatase act1v1ty All_i"'

',#the fractions from the varlous stages 1n the purlflcatlon,nff75

%

3procedure showed only one act1V1ty band wlth Ehe Same ,hi,t

“s»moblllty as the act1v1ty and proteln bands ob@alned‘wl"h

"*t’the most pure enzyme., Several attempts were made to stain ;fﬂ

”*ﬁ‘a polyacrylamlde gel w;th perlodlc aczd Schmff reagent for |

’f;glycoprotein., Atfew o; i?eﬁatgéﬁﬁ«ﬁhowed a falnt Plnk




alkala.ne phosPhatase st'ained “for . protein - nd enzYme activn:y
" The gels were 5 5% polyacrylam 'de. ‘
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".'-Iv A 2 (c) below)

The llver extract was electrophoresed w1th a.

~

hserumlo reported to have 1ncreased llver alkallne phos-

phatase¢A Flgure 7 shows that llver alkaline phosphatase -
from elther serum or- txssue orlgln had the same electro—i
phoretlc mobillty on polyacry;amlde dlsc gels‘ The tlssue
enzyme, however, seemed to m;grate 1n a, sharper band than

R
d1d the - enzyme from a serum, but perhaps there were more

¢ components to the serum enzyme than could be separated by

’electrophorefls (See sectlonAiV A.2. (a)below) Often w1th

!

?serum samples there was act1v1ty at the top of the gel that
'dld not enter the gel | ThlS act1v1ty could be the result

. / . \\) '
on&n aggregate of alkallne phosphatase whlch was unable N

'gto penetrate the polyacrylamlde gel matrxx (See sectlon

«“

Electrophore51s was performed to compare the

.‘pmlgratlon of alkallne phosphatase from bone tlssue w1th

4

r . r.

'fformed a single act1v1ty band whereas, the bone extract

.showed A broad smear of enzyme actmvmty with a slower fi

mobllity than that of the act1v1ty from the llver extract,

. Sert amples denoted liver serum and bone serum refer
\jto the'results obtained by agarase- electrophore81s and: -
~hea énaturation as performed and interpreted by the
ﬂLab_rat'

78

‘;that from llver (Flgure 8) f The llver tlssue extract [jfimf:‘~h

*edicine*tu'lversxty of Alberta ﬂiiﬁ?fd*




.79

»j},%Figure 7 Polchrylamlde d?sc gel»electrophore51s of liver |
“I - tissue: and liver serum alkaling phosphatase.; The gels were BER
i polyacrylf’lde., The samples’ ‘stained- with fhaphthol EE
TR AS<MX . phosph.<=é%acidawe g liver serum. alkailne phés—‘-~-'”‘
;h;;!;phatase, (bf liver t; kaline phosphatase; () mixture .
Sl Kaline "hosphatase._;,,;.
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. ‘Pigure 8 Polyacrylamide disc gel electrophorosis of Liver - .

.. .»  tissue and bone tissueé ‘alkaline phosphatase. The gels were
"~ " 3.5% polyacrylamide. .The samples stained with.'naphthol: - =
- AS-MX phosphoric acid weré: (a) bone alkaline phosphatase,
~(b) "liver alkaline’ phosphatase,(c) mixture of bong and .’ - ..o

t/..l
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although there was a partial'ouerlap of the activity
'sones.- A mixture of both the liver and the bone extracts
.(Plgure 8(c)) showed two bands of activity although they
were not dlstlnctly‘separated - The bone 1soenzyme band seems
to be a broad tralllng band electrophore51ng adJacent to the
liver lsoenzyme maklng polyacrylamlde disc gel electro—
phoresis a less than perfect technlque for the separatlon
of these isoenzymes of alkallne phdsphatase. Studles by
' other Workers an cellulose acetate_(Rhone, White‘and
Gidaspow, 1973; Fritsche and Adams-Park, 1972) and poly~
.acrylamide'disc gels (Dingjan, Postma'and Stroes, 1973;
hWalker and Pollard 1971) showed the same patterns of
- separation of the alkaflne phosphatase lsoenzymes by
4 electrophore51s ' The bone and llver’lsoenzymeS»were not
completely dlstlngulshable and 1nterpretat10n relled on
dlsoenzyme spe01f1c tests, such as heat denaturatlon, to
vlestabllsh the relatlve amounts of the 1soenzymes present
t (See sectlon IV.D. 2 below for results of heat stablllty

studres)

o

2. Isoelectrlc Focu51ng on Polyacrylamlde Gels

(a) Propertles of the Isoenzymes

| : In order to obtaln clearer separatlons of the
‘1soenzymes of alkallne phosphatase than was p0331ble on
| electrophOres1s the use of 1soelectrlc focu81ng on poly—'

N\
acrylamlde gels qas 1nvestlgated | It was. found that 4%

. %

-

81 -



N
polyacrylamlde gels that contained l% 'PH 4-6 amphollne

plus 1% pH 3-10 amphollne gave the best separatlon and.

ion of the alkallne phosphatase 1soenzymes through—

: ~
out the gel (Figure 9). As well, the gradlent obtalned

distrib

with this amphollne mlxture was llnear throughout~the length
of the gel (Flgure lO) |

| (l) Liver | . _ _ '

T leer alkallne pho hatases from‘tlssue and - sera_

were found to focus.in two(bjidé\at the ac1d1c end of the
gel. Isoelectrlc p01nts were‘determlned as outllned in
section III I above 1n Whlch the pH of the 1soelectr1c
-focused band Was obtalned by relatlng the Rf of that band
to graph of pH plotted against- relatlve moblllty (Flgure 10) .
The lower band, pH 4:0, was assoc1ated w1th llver tlssue," ‘:\\\'
extracts as’ well as patholog1cal sera W1th 1ncreased T" °‘_,>j \\
alkallne phosphatase due to llver dlseaselo. The upper.g

‘ llver band, pH 4 2 was the predomlnant band seen 1n normal

‘4.)

sera and would appea; to be the ~same as the 'slow ‘liver
band mlgratlng in the azdreglon on cellulose acetate s
electrophore51s as reported by Rhone and Mlzuno (1972) and
| Rhone et al (1973) : These authors further demonstrate the
epresence of a 'fast' llver band. migratlng 1n the al reglon n
| on cellulose acetate electrophoreSLS 1n some serum spec1— |
‘~.amens.s The lower band seen on- ;soelectrlc focu81ng whlch

‘v_was determlned to have an 1soelectr1c p01nt of 4 0 and e



é |

Figure 9 Isqeléctric focuéingfbnfbolyaérylamide'disc'gels gy

"of tissue and seérum samples of alkaline phosphatase. The

gals-weref4%,polyacrylamide~c0ntaining 1% pH 4-6 ampholine

- and"1%.pH 3-10 ampholine. The alkaline phosphatase samples -
‘were: (a) 75% pure liver enzyme, (b)- 75% pure liver ‘enzyme,
-(c) bone tiSSue‘extract;in a.liver serum,- (d) liver tissue -
]'inraLIIVerfserum;I(e)fbpne serum, - (f) 1ivexiserum,r(g)ubone
~tissue in 1% Triton X-100, (h) bone tissue. Gel (a) was

stained for protein with Coomassie Blue R-250 and gels (b)

gcid;,

e(h):Were'stain?d*fo:factivity with_naphtholeS-Mx.phqsphoric'

»Q3



,. 4% polyacrylamide gontaining 1% pH 4-6 ‘ampholine and 1% pH -

AN

1 ‘k"‘;l :
‘ . . I . : 7 =g -
0" . 02 04 06 o o.’s/, o
RELATIVE MOBILH&Y e

/ . . ) ) - Lo T T o )

‘{,/

_:Flgure 10 ‘A pH gradlént obtamed from a polyacrylapude _
- ‘disc gel subjeqted to J.soelectrlc focus:mg The gel was

.~ 3-10 ampholine. Liver tissue-alkaline phosphatase fdcused
“-at position 1; 11ver ’éerum lkalme phosphatase focused at

»-,positlon 2. T T R A



- whlch could be found 1n llver tlssue extracts and 1n"

-.pathologlcal sera a55001ated w1th llver dlsease, would,

o therefore, appear ‘to be the. same as this. 'fast liver band

">7approx1mately 40% down the gel ah

:,nalkaline phOSphatase proteln that had been altered

1S ° .
seen on electrophoresis‘ Isoelectrlc focus1ng separates N

these two llver bands very dlstlnctly These 1soelectrrc :

pomnts are in agreement w1th those obtalned by other workers.'

'ApHI 4, 3 - 4.6 for baboon liver (Hammond et al 1903),
pH 3.9 for human llver (Usategul GOmez et al 1974), PH,
!3 8 for human llver (Greene and Sussman, 1973) _

| Attempts to obtthngan 1solectr1c focused(gel of o dh.h:?u

j; the pure liver 1soenzyme stalned for proteln, in-order to ' .

¥

show a band\corncrdent wlth the act1V1ty band as was done;’

'for electrophore51s (See SeCthn IV A 1 above) were unsuc~&”‘f

- . |
'cessful There were no,Cooma581e Blue stalnable Bands

PR //
iev1dent inlthe reglo?/wher the alkallne phosphatase

“focused on the gel, although one band was sometlﬂes seen R

}‘}gays a smear was

eV1dent at the top of the gel Wlt’ th ‘hlghly purlfled - 5f'7ua[.m

liver extract (SpelelC act1V1ty 480 U/mg proteln), two
. 0

if 1nt proteln bands could be seen on the gel 1mmediately
"above the reglon of llver alkallne phosphatase act1v1ty
’it» (Flgure 9) These prqteln bands were felt to be d e to
‘Xn some ff

ﬂtwax It may be due to aggregatlon of the enzyme as ;,;tv;;lb

o dlscussed.gn IV AQ% (c) below or perhaps the amphollne B

» . . ; : ~ ol

g e

» oy E
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’and Perry (1971) suggest that during 1soelectric fﬁcuSing

- S . 8et

had a deleterious effect on the alkaline phosphatase mole?

¢
cule SO that 1ts 1soelectric pOint was altered and the

\.

protein 1nactivated It was found that lf a given amount'

of spec1men was applied to an ordinary standard polyacryl-

'amide.gel and electrophoresed that a faster and more ,'

, 1ntense development of product fluorescence occurred than .

T

'when that same amount of- speCimen was applied to a poly— o
E acrylamide gel containing ampholine and isoelectric focusing
'vcarried out Ampholine 1tself or some artefact of 1so-

'electric focusing definitely has some retarding effect on

\1/\

. the activ1ty of alkaline phosphatase. Smith, Lightstone

Co

the 1soenzymes are 1n an ac1d medium for.an apprec1able

a-éitime and this may explain why the enzymerls less active

e than on standard polyacrylamlde gels'.ﬁfj

ftissue extracts that were freshly prepared and electro-3"
.wfocused resulted 1n clearer activity patterns on the gel

f.and a series of five bands was obtained ﬂ'a band in the

ii) Bone - -'5' fr,f gﬂ%’~

The bone tissue extradts‘did not alwaysﬁfocus in
1 .

le7c1ear distinct bands on 1soelectr1c focused gels.f Often \
"enzyme act1V1ty was seen 1n a smear near the top of the gel.

L pAgain this may be due to aggregation of the alkaline phos-ﬁ'

ut,\

“5’:phatase molecules as discussed in 1. A. 2 (c)‘ﬁelow.t Bone .f‘p

?'same place as the normal serum band (i e. liver isoenzyme)
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"PH. 4.2, three bands 1mmed1ately above thls, pH 4.3, 4.4

I
and 4 5 and the smeared band near the top. of the gel, pH
5.5; The 1soe1ectr1c focus1ng technlque resulgs 1n the -
appearance of several bands. of act1v1ty assoc1ated w1th ‘the N
bone 1soenzyme compared to only one dlffuse band on electro—
phore51s One p0551b1e explanatlon for these muLtlple'\\
,fbands could be that they are due to varlatlons 1n the :
y.51al}c acld content (See sectlon IV.A.2 (b) below) When ¥
the bone extract was aged at 4 for sevégal days and then
focused the pH 5 5 act1v1ty smear 1ncreased in 1ntensity,
whereaé the other bands decreased 1n 1nten51ty Storlng |
vthe bone extracts w1th l 0% (v/v) Trlton X-100 would
retard the process of aggregatlon for at least\72 hr

a bone tlssue extract was focused w1th a llver N

10

.serum sample (Flgure 9(c)) in order to determlne where

the bone alkallne phosphatase focused Wlth respect to the ~
. I
',_11ver. thtle success was obtalned w1th thls approach, as _‘

"the bone bands focused in. the top half of the polyacrylamlde o

Q

',1ge1 However,‘when a bone serum specamen was run along-

81de a bone extract the two samples showed the same bands

(111) Intestine - o | |
Fewer studies were done on the 1ntest1na1 and ft,Hv
'r{.placentai 1scenzymes because there is more cllnlcal 1nterest..

vi_r%in distingulshlng between the lrver and bone isoenzgmes.h .

o ‘,



1.

sIntestlnal alkallne phosphatase focused 1n two close ban&{

" of act1v1ty, pH 4 J and 4 8, 1mmed1ately above=the group

p
of three. bands a55001ated with the bonﬁ iscenzyme act1V1ty

The placental 1soenzyme focused in two’ bands, pHI, 4 5 and »

4.6 whlch were nearly c01nc1dent w1th the upper band of

’.fbone act1v1ty However, placental alkallne phosphatase is

n

vfan enZyme of dlfferent s1a11c ac1d comp051tlon._ The flnala;

 not of dlagnostlc 1nterest since it becomes elevated only

after the third trinester ,O_f fregnancy and can be d;s,-."‘-. |

RN

'tingulshed from the bone isoenzyme'by-neans'of'the heat

'stablllty test (See sectlon Iv. D‘Z below)

[ J

"'.1(b) The Effect of Neuramlnldase on Isoelectrlc .
Focu51ng . j?v , : C o o l

Neuramlnldase (from Vlbrlo cholerae) cleaves

“termlnal 51a11c ac1d re31dues from proteln molecules and
,thereby 1ncreases the%g 1soelectrlc points. The 1so-‘

° electrlc p01nts of the 1soenzymes of alkaline phoSphatase

§

'from llver and bone were 1ncreased 1n a serles of dlscrete

.Vesteps untll an equlllbrlum act1v1ty pattern was establlshed

(Flgure 11) ' ThlS seems to suggest that each alkallne .

;phosphatase band seen on electrofocused gels represents ;;~f

l

isoelectric p01nts of the two zones of act1v1ty obtalned

-:from desxalated human 1iver alkalxne phosphatase were k

‘”VpH g 6 6 and 6 8 and were the- same, thhln experlmental

'!,error, as those for the neuramlnldase treateP bone alka-'f:

B iline phosphatase._ This suggests a basic simllarlty in thefl

88
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Figure 11  Isoelectr

. ‘ (

_ic:' focusmg olr;:' p01yacr Y i‘amji'dé :,diSC | 'geg]_"s

‘.oﬁéliver=arkaline_phosphatase which“was treated with neur-

Y
v

‘aminidase. . The gel.

~taining 1% pH 4-6 am

' "gels on.the right we?e*é%ﬂpolyaQIYlamide“CpntainingUl%”pH:*;ﬁ.“

5-8 ‘ampholine and 1%

on the left sas 4% polyacrylamide con-
pholine and 1% pH 3~10, ampholine; the &

PH 7-9 ampholine. ' From left to right

e 3 ¥
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 ‘:théjsampleSfWéréflive;-tiSSueﬁalkalinefphOSPhatase tregted;:ff  -

£

oWith neuraminidase for 0 hr, 24 hr, 48 hr, 72 hr, 96 hr.



s _structure of alkallne phosphatase from these two tlssue

\ ) » RN

sources Neuramlnldase treated alkallne pho
from both llver and bone retalned full enz‘matlc ac‘ v1ty

"It was not fully understood why neuramlnldkse tment

_-./

B
resulted in two bands of equal act1v1ty after equlllbrlum

!

had:been establlshed Th;s same‘behav1or was seen w1th
al—a01d glycoproteln, a 51ngle polypeptlde chaln, which
could be resolved 1nto Sseven variant proteln preparatlons
after desralatlon by mild ac1d hydroly51s (Schmld et aly. | “fh{-
,;1973) The authors suggested thls varlance was due to o -
‘,dlfferent numbers of amino a01d replacements on the
cproteln molecule. , R _ |
(c) Aggregatlon of Alkallne Phosphatase
(i) General Consrderatlons

| Serum samples that were stalned for enzyme'
act1v1ty and purlfled llver alkallne phosphatase that was‘
‘h-étalned for proteln (Flgure 9) on eleotrofocused gels
showed bands or smears at. the top of the’gel whlch did’ not :l’ ~f'h
"penetrate the polyacrylamlde matrlx.k These bands7hay be A;
h;due to aggregatlon of the alkallne phosphatase molecﬁTES

The aggregate seen in serum samples was actlve

ta:wrth respect to alkallne phosphatase act1v1ty and was

'likely a. xesult of b:Lle alkalme phosphatase which PR S
was formed 1n the llver., When a speclmen of b11e was t |

'electrofocused a. very 1ntense band was seen at the top "',/"



: %ﬂ Y ""\

- of the’gel as well as a fainter band inlthe.region of the

1ntest1nal alkallne phosphat?ee ’ Thls would support the

'concept (Prlce and Sammons, 1974) that the blle alkallne

i
.-

phosphatase is an aggregated molecule assoc1ated Wlth

llpoproteln. Recently, Prlce, Hlll and’ Sammons (1972) r

have descrlbed a hlgh molecular welght 1soenzyme of
alkallne phosphatase from blle whlch was bound to a’

phosphatldylchollne complex and was retalned at the

+

'Horlgln on starch gel electrophore51s.

~gate' seen: w1th the purlfled llver enzyme dld not possess 3

. alkallne phosphatase»act1v1ty ~ Such. aggregatlon may lead :

. [

v

'In contrast to'the serum aggregate' the"aggre~

to 1ncreased molecular stablllty because of decreased
surface area per unlt welght of the ;aggregate' result;ngr
1n_a more favorable charged env1ronment within the
laggregate' ’ It 1s not unllkely that a membrane enzyme,’
when extracted may seek thlS type of stablllty Treat»
ment of purlfled enzyme Wlth 1 M B«mercaptoethanol

seemed to dlsrupt the aggregate and causeo ome of the

proteln of aﬁ early sample to enter the gel and focus in ﬁi.

two bands near the bottom of the gel assoc1ated w1th the:f

enzyme gcthlty FB-Mercaptoethanol prevents dlSUlflde

bqnd formatlon and thereby may dlscourage aggregatlon._'

Treatment of the enzyme w1th pure human serum albumln also e

resulted in the appearance of a falnt band that focused

s
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<

>c01nc1dent w1th the 31ng1e enzym% act1v1ty band obtalned
Wlth a llver extract Perhaps albumin ‘ acted to stablllze

the alkallne phosphatase protern by contrlbutlng ‘ionic

)

stablllty to the molecule 50 that it did not seek aggreg—'“

i%tlon for protectlon _ , \

‘ Studles with Triton X 100 treated bone alkallne
'phosphatase support these same concluslons The nonelonlc
detélgent did not affect the act1v1ty of bone alkallne
phospht rase but caused the act1v1ty smear near the\top of
ithe gel thought to be due to an aggregate’- 'to be d1m1n¥
~ished :n 1nten51ty and the act1v1ty 'in the reglon of - the
lowdr bands as were descrlbed in IV.A. 2 (a) (11)'above-to'

be enhanced Frltsche and Adams Park (1974) found that al

Cisco 1zymes of alkallne phosphatase present 'in sera could

4
net be rnsolved on polyacrylamlde (6. 5%) gel electro—

e51s, but that a fractlon was always fetained at the :

- orlgln follow1ng electrophore31s. Also, Jennlngs et al

\1970) descrlbe a hlgh molecular welght enlbme in sera

[

;‘that is retalned at the origln of starch gel support

medla and that thlS orlgln band dlsappears after treat-

ment with butanol Thls behaV1or towards butanol and

‘f’J

' Trlton X- 100 supports the postulate that the serum ’lf .

aggregate may -be a llpoproteln complex as suggested by

¢ »

i Dunne, Fennelly and McGeeney (1967) ‘“this is in agreement

"'with a. postulate of Flshman (1974) which states that con-

~

1

Y
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o order to achieve molecular stablllty

S

.rate than a dlluted form of ‘the en

f>focus1ng procedure.‘

ﬂenhanced the

Sidering the detergent action of Triton'x—lOO, it‘may be .
o

expected that alkallne phosphatase in sera may ‘be assoc-

‘iated w1th hydrophoblc reglons of 6ther protelns and with

v

_alkyl chalns of llplds in the membranes from'whlch ft

[nd

was”derlved. v . S - Ta

(ii) Sample Appllcatlon Technlque on Electrofocused
_ Gels and Aggregatlon Phendmenon o

A concentrated extract of purlfled llver or bone

-

alkallge phosphatase underwent aggregatlon at a slower

.. It seems that

these 1soenzymes ‘tend to aggregat_~in d'lute solutlon in

'The aspects of

]

‘ sample preparatlon and appllcatlon for electrofocu31ng of?
wthe tlssue extracts Were 1nvestlgated Because of the
'highly concentrated actlvlty 1nvolved 1n the extraéts,

5dllutlons had to be made to apply o the gels an amount o@

-

act1v1ty that was in line- w1th that found in a serum

' sample. The.same samples dlluted-ln dlfferent bufferS’or

or 1n dlfferent volumes of buffer showed dlfferent

=act1v1¢;es towards the act1v1ty staln after the electro-

example, dllutlon 1n AMP buffer

%kalire phosphatase stalnlng act1v1ty

J;éompared to dllutlon 1n Trls buffer, older dllutions L

wudeveloped fluoqescence faster than fresh dllutlons,

if'{samples applied in 10 ul showed more stalning act1v1ty,

- . R N
. - . . R 4 o N .

'for dlfferent lengths of tlme prlor to sample appllcatibn .

<
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- perhaps due to lessltende%cy to aggregate, thanvsamples
applled in 150 ul It is. interesting to note that all'thesei
samples had the same p- nltrgphenyl phosphatase act1v1ty |
Thls would suggest that the aggregated form of the enzyme
Aseen at the top of the gel was: pfesent in the sera in the
amount that ex1sted when it uas drawn ‘and ;as not formed

after it left the body. The reasons. for these effects are

" not completely understood, Howeyer, frbm these observatlons
the'followlng precautionsrwereinoted: all specrmens should

be treated in the same manner for<compariSon offactivity,

all dilutions should/be ashﬁresh‘as'poSsihle and the‘smallest;_
_volume poss1ble should be ;pplled to the gels and thlS should .\j

be con51stent for all spe01mens

B. Molecular Welght Determlnatlon of Human Liver Alkaline
Phosphatase . .

Y

| l;, Gel Flltratlon Chromatography

o

(a) Molecular Welght of Natlve Alkaline Phosphatase
(\ .' Sephadex G- 200 is a dextran polymer formed from.
_the fermentatlon/;f sucrose resultlng in a polymer of glucose
residues 11nked by o- l G-glucosldlc bonds w1th a~ l 3—gluco—
;Sidlc bonds as branch p01nts o | 1. _\g%
- Each of the molecular welght markers and the
purlfled liver alkallne phosphatase were chromatographed a
'serles of -six: tlmes on the Sephadex G- 200 column employlng

V100 mM Trls-base, as the column buffer and the molecular



- 100 mM NaCl buffered column.

welght of the enzyme was determined from the plot shown 1n

,Flgure 12 The apparent molecular welght of 220 000 (range

199 000 - 226 000) was obtalned for human llver alkallne

phosphatasé.' Slmllar results have been obtalned by other

B workers using gel flltratlon chromatography Smlth et al.

(1968) u51ng 10 mM Trls-base, 100 mM NaCl buffer obtalned

a molecular welght of 220,000 and Moss et al obtalned a
}

vmolecular welght of 225, 000

A second molecular welght determlnatlon was’ done on

the Sephadex G-200 column using. 50 mM trlethanolamlne (TEA)

:buffer, plus 100 mM NaCl. The standar&s and the alkallne
pphosphatase were chromatographed and the molecular welght
ioh}glned was 213 000 (range 204, 000 - 220 000) ThlS

*value supports the determlnatlon done on the 100 mM Trls,

P

| Inltlally the molecular welght determlnatlons were .
'carrled out in a low 1on1c strength buffer of’ 10 mM Trls-
'. base. On thls column the elutlon patterns of all the
'tstandards and the alkallne phosphatase, each. of whlch was -
nichromatographed a series of elght tlmes, were con31derab1y:w
paltered and a molecular welght of 148, 1000 (range- 139, 000__f

151, 000) was obtalned.; When th1s result was compared to

a

~those of Smith et al (1968) who obtalned a molecular welght |
of 220 000 - and Moss (1970) who obtained a molceular welght ’
7.of 225 000, 1t was felt that the low 1onic atrength buffer ‘

' 'resulted in non-specxfic adsorption of the protexn to the

-
oy

-
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E Flgure 12 Standard graph of the molecular w;zfght markers
- -used for Sephadex ‘G-200 molecular welgh termination. .©
. The column buffer was 100 mM: Tris-base pH 7. 6 (HCl) con—-..
”‘talmng 100 mM ;@Cl and 0. 1 mM MgCl2 / :
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Agel matrix causing 1t to be retarded and resultlng 1n a lom
apparent molecular welght Thus, the column buffer was

:changed to the hlgh ilonic strength 100 mM Trls, 100 mM

NaCl buffer and molecular welght determlnatlons were then f
performed ln that system |

» 4 Subsequent to these molecular melght determlnatlons

) for alkallne phosphatase u51ng Sephadex G- 200 gel flltratlon, ;‘f

the subunlt molecular welght was determlned to be 76 700 - E.-

->u31ng sodlum dodecyl sulfate polyacrylamlde gels (See sectlon

IV.B. 2 below). ThlS result is 1n agreement w1th the subunlt~

»molecular welght for rat llver alkallne phosphatase of

75,000 obtalned by Ohkubo et al (1974) fhese authors

. further showed rat liver alkallne phosphataserto have a

f molecular welght of 154 000 by sedlmentatlon equlllbrlum |
:analySLS. In. consrderlng the subunlt molecular welght

Ty

,obtained for llver alkallne phosphatase 1t would appear

',"that perhaps ‘the’ apparent molecular welght of 220 000

7

"obtained on the 100 mM Trls, 100 mM NaCl buffered |
| 'lSephadex G-200 column mam be hlgher than the real molecular:.l o
:uweight  The' hlgh ionlc strength buffer used to detérmine.. |
hhis molecular weight could perhaps lead alkallne phosphatase,ilA:
a hydrophoblc membrane enzyme, to aggregate 1n order to }tff' z

. A\
‘protect 1tself against thrs 1onic envxronment.. Thls would

‘7f_‘acce1erate its movement through the gel permeation column

“~fland tend to increase the molecular welght. 1,.55



‘*dd;weiqht.. The sl

\m\w

'; Alternately, the 1

"the de81alatedl

(b} Effecttongeuraminldase Treatment on the .
‘Molecular Weight of Alkaline PhoSphatase_

nt of alkallne phosphatase w1th neuramini-
»dase removes the S. allc ac1d groups from the enzyme molecule

and a subsequent molecular welght determlnatlon on thls'

z

- de51alated enzyme resulted ‘in a molecular welght of 188 000

98

(range 175 000 - 193 000) ‘ ThlS change in molecular welghth ;,r

AN

from 220 000 before neuramlnldase treatment to 188, 000 afterA

«treatment was probably due to: more than the welght of the

\ «

| removed 51a11c acrd re31dues alone. Perhaps cleavage of the

-

'_negatlvely charged sxallc ac1d re51dues allows an 1ncrease

I

in non-specrflc adsorptrOn of the enzyme to the Sephadex
y G-ZOO matrlx.' This would retard the. elutlon of alkallne

1ts apparent molecular welght.

- phosphatase and 'ecreas.

molecular welght of 220 000 could
. o
“be in error as a result of slight aggregation occurrlng

| _during chromatography. Removal of the terminal sralrc ac1d

';ire31dues may allev1ate thls tendency to aggregate and hence |

}fteln has an apparent loweé molecular

un t molecular werght of 76 700 determlned

.h better agreement thh the latter explanation in that a ;?'

W /
. ;dimer molecular weight of 153 400 is closer to the value

188 000- determined by gel filtration. -




2. Subunit Molecular Welght Determination by Sodlum
' ‘Dodecyl Sulfate \?

N o The apparent subunLt molecular weight of “human | ~

.llver alkaline phosphatase was - found to be 76 700 (S D.
2,800) by S polyacrylamide gel electrophore51s against
}standard rot ins (Table 4). Glycoprotelns containing more
..than 10% carbohydrate behave anomalously during SDS poly-\ -

racrylamide gel electrophore51s when compared to standard

l'proteins due to decreased SDS binding per7gram}of glyco-

~fs:prote1n compared to the standard proteins (Segrest and

'Jackson, 1972) By 1ncrea51ng the polyacrylamide concen~f
. { ) ,

'tration 1n the gels, molecular s1ev1ng becomes the pre- o
' i

ﬁif_dominant electrophoretic force over charge and thls results

'S &

in the higher molecular weight values asymptotically

"'approaching values close to the real molecular weight

| :Seven determinations of the subunlt molecular welght of

fﬂ_’alkaline phosphatase were performed 1n polyacrylamide diSCgV“

: ;gels using concentrations ranging from 6.5% to 10 5% poly-,.

"i”vacrylamide (Figures 13 --15) The mobility of one of the"'

-e'*standard proteins, phosphorylase a, was thought to behave

'lfl anomalously at higher polyacrylamide concentrations

f;(Figure 13) and so it was not weighed in determining the

~ﬁjstandard graph.. The anomalous behavior found with glyco-fa
“Jtlproteins by Segrest and Jackson (1972) was not seen with
| *}fthe glycoprotein alkaline phosphatase.« Instead, the ;fjf}"

T75hvmolecu1ar weight results varied randomly over the polyacry1~-gj»ﬁ ‘o

99.
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Table 4 Results of subunit molecular welght determlnatlon
' on sodlum dodecyl sulfate polyacrylamlde gels

—

. T R . o
- Polyacrylamide . Initial - .- ~Second °*
_Concentration . L o R "’ _ :
$ (w/v) .- Determination * 'Determination

65 o oamse0, 74,000
8.0 A 80. 500; U | o ‘72;600V
9.5,7all T8, qod;-iff-i' e

-10.0 | lj '~7a;ooo 'lAi.3,“ R |

0.5 ;_ e o 77,000

L

' The average molecule obtalned from these seven ‘determin-
ations was 76 ,700. The standard deV1at10n was, 2 +800.
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'RELATIVE MOBILITY .

EE N

A

3 4 567890 o
- MOLECULAR WEIGHT (x10)
e | | E ;

e
‘.

‘:3@'Figﬁréw13:7Standérd'gfaphfofrthé.ﬁolécul&r‘ﬁéiéht~markér5j’

used for the SDS polyacrylamide disc gel subunit molecular

S wefghtfdeterﬁinatiOﬁ,-gThe.molecularKWeightAmarkersvwere>»‘
- phosphorylase a, human serum albumin, glutamate dehydro-

-genase;'ova;bumin,Hgly@érgldehydée3ephd5phate'dehydrogenase; "

 ,ﬁ1actate,dehydtqgenase (See text .for molecular weight valuéS};{g

_ ArrowW indiéateSImobilityjéndfmolecularHWeight_Obtained'for e,
. liver alkaline phosphatase. ®, 6.5% polyacrylamide gel;. -

¢

."(-,-.- L



- the . standards used fo
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'Figure 14 6. 5% Polyatrylamlde disc gel electrophore51s offl o
sodium  dodecyl sulfate molecular .

. weight determination. The samples from .left to right were.af__t*

- (a) liver alkaline phosphatase, (b) phosphorylase-a, (c)

”phuman serum albumin, (d) glutamate dehydrogenase, (e) ovalQ';f
-vibumin, (f) glyceraldehyde-3-phosphate dehydrogenase.{l o



' :‘Figure 15 10 5% polyacrylamide dlsc gel electrophoresxs bf ;
.+ the standards used for sodium dodecyl sulfate molecular = - .
*'T,?weight determlnation.f The samples from left to rlght were.Fe,*ifﬂ“

. .(a) liver alkaline: phcsphatase, (b) phosphorylase .a, (c) - = .

. .albumin, -(d) ?valbumln, (e) ‘glyceraldehyde~-3 -phosphate R

"3fdehydrogenase (f) lactate dehydrogenase.»;g

R

103



104
@
-amlde range tested (Table 4) Perhaps the reason for thls.'
dlgre551on of alkallne phosphatase from the behav1or ex—
hlblted by other glycoprotelns was that 1t has a hlgher
molecular welght than the glycoprotelns tested by Segrest

and Jackson (1972) and 1ts moblllty is llmlted by molecular

s_51ev1ng even in 6 5% polyacrylamlde gels

© C. Substrate Specificitnytudies-On-the Isoenzymes of -
Alkaline’Phosphatase L o ‘

The substrate spec1f1c1t1es ‘were determlned for-

- the. 1soenzymes of alkallne phosphatase The absolute
hact1v1ty in 1nternat10nal unlts obtalned Wlth each ehzyme».
source W1th?p-n1trophenyl phosphate as substrate was then '
set. at 100 and the absolute act1v1t1es of that enzyme with-
._each of the other substrates were' expressed relatlve to this
t“value w1th p-nltrophenyl phosphate (Table 5) ' Thus, the -
/ data show, for example, that for purlfled llver alkallne
ri_phosphatase p nltrophenyl phosphate 1s the most rapldly
't}hydrolyzed substrate followed by B naphthol phosphate,v .
.'eB-glycerophosphate and phenolphthaleln monophosphate. The

5

‘»spec1flc act1v1ty of the enzyme w1th p-n1tropheny1 phos-" ”3 ;

lvffphate as substrate would be 14 tlmes that w1th phenolph~

fthaleln monophosphate as substrate., The bone and llver
ftlssue enzymes react w1th similar actlvitxes Wlth each of

'3ithe four substrates. Intestlnal and placental tlssuem i

S
e

‘vﬁfextracts on the other hand show twice the acthity w1th
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"the determlnatlon of the proportlon of that partlcular o 1
. N

";the other 3 lsoenzymes.,

e

-

phenciphthalein monophosphate than-.do liver and bone iso-

enzymes and the'placental'tbssue\extract shows 4 times the

. } ) . ~ ) - :_ ‘ .
~activity with B-glycerophosphate. than do the othenﬁg'tlssue

extracts " Bone and liver serug amples show the same

vspec1f1§¥t1es with p nltrophenyl phosphate and phenolphth//eln
: monophosphate as the lrver and bone tlssue extracts do, but

_'1ncreased activity towards 8 glycerophosphate and B—naphthol

phosphate. ThlS dlscrepancy between the reac€1v1t1es of the

serum :.uuples.and those of the tlssué extracts 1s not fully

understoocb’ The 1ncreased act1v1t1es of the liver andfbone

‘serum samples towards these two substrates could be a result

of the components of serum. Alternately, lt could be a

result of other phosphatase act1v1t1es These results-

| lllustrate the need to use a substrate whlch w1ll“not
'preJudlce the value of.theltotal_enzyme act1v1ty because‘of

o ’ ) S S :
' an inereased level of any one of the isoenzymes. However,

iffohe'of'the isbensxmes of'alkaline‘phosphatase,was.‘7

>51gnif1cantly more reactlve towards a partlcular substrate¢

2

. then perhaps that substrate could be utlllzed to aid‘in

"“isoenzyme 1n a mlxture of the 130en2ymes.' From the results
.shown 1n Table 5 B—glycerophosphate may be useful 1n thlS

;fsense to selectlvely dlfferentrate the placental 1soenzyme o

oo

7-Wh10h 1s 4 tlmes as reactive towards this substrate as are

a . 7‘..

R
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™ Ly

" The isoenzymes associated with liver and@one ,

" have the most 1mportance cllnlcally in the determlnatlon
of the alkallne phosphatase 1soenzymes for d1agnosrs. it
’ would therefore be de51rable that these two 1soenzymes
 have the same\afflnlty for a partlcular substrate. From
these studies it was concluded that g~ glycerophosphate and
B- naphthol phosphate would not meet these crlterﬂa because
,\ of the &reater 1ncrease of the placental 1soenzyme with

these substrates and the dl51mllar react1v1t1es of the llver

serum and bone serum spec1mens shown towards these’ substrates

\\

f-Also, these two substrates 1nvolve phosphate determlnatlons
.after 1ncubatlon w1th the enzyme whlch is a lengthly and
1nsen51t1ve procedure 1n the range ‘of phosphate concen-
tratlons released by normal serum alkallne phosphatase
"act1VLt1es. Thus methods that utlllze elther p—nltrophenyl
' phosphate or phenolphthal&1n monophosphate as a’ substrate'
}are preferred The 11ver and bone 1soenzymes have the sanie
ireactlvitles towardsrelther substrate whether as tlssue
fextracts or serum samples and the 1ntest1na1 and placental
hvlsoenzymes show tw1ce the act1v1ty of “the” 11ver and bone |
' spec1ments towards phenolphthaleln monophosphate. Both of
'b”these substrates 1nvolve 31mple analy51s procedures, elther ]
?direet spectrophotometrlc measurement after the reactlon |

“fwhas been stopped or the reactlon can be measured klnetlcally

7 with a recordrhg speqtrophotometer., The gré%ter specmflc



Lty of the 1soenzymes towards p- nltrophenyl phosphate,
?Phowever, make it the preferred method for assaylng alkaline

‘iii'phosphatase

'ﬁffDi Mlscellaneous Studles on Alkallne Phosphatase -

Km_determlnatlon ofop NltrOphenyl Phosphate for

E e Klkallne Phosphatase . |
‘5,‘ The K, of p- nltrophenyl phosphate for human llver_y
.alkalane phosphatase was found to be 5.0 x 10 -4 The

Llneweaver-Burk plot (Flgure 16) drawn from the: data in -
"Table 6 gave a value of l/K of —2.0 ™t whlch.resulted'
in the K 'of 5.0 x 10 -4 M. ‘In order to compare the |
act1v1t1es of the Varlous samples of alkallne phosphatase
‘_u51ng p~n1tropheny1 phosphate the substrate concentratlon
| should be at least 20 x K . Toiensure zero brder reaction:
“*i_vl‘ klnetlcs and complete saturatlon of the enzyme over a w1de
' range of enzyme concentratlons, the assay medlum used
‘»throughout the present work contalned 1 x 10 M (lO mM)
_'p-nltrophenyl phosphate, or 20 tlmes the K Eaton and
Moss (1968) obtalned a Mlchaells constant of 8 x 107 -4

at pH 10.5 for p n1trophenyl phosphate uSLng human llver

'._alkallne phosphatase and Harkness (1968) ob\lfagd a- ,-‘“ -

Mlchaells constant of 8 x lO 4 M for p-nltrophenyl phos-

phate at pH 10 5 u51ng human placental alkallne phosphatase;'

2;. Heat Stablllty of the Isoenzymes of Alkallne Phosphatase

- The differences in heat stability of the various

2

5”1soenzymes of alkallne phosphatase have been descrlbed by

108



" Table 6 Data obtalned for the K determlnatlon of p- n1t§U'“ﬁ
phenyl phosphate for

fuman liver alkaline = |

. .0361

phosphatase 3‘ [
0y ) ._ - - | . ‘ : ‘
L p- Nltrophenyl - Velocity 1/0s] . 1/v
‘Phosphate : ’ o
- Concentration L . - -1 - -1
(M) . .- {(u/ml) (M ) (units 7)
10.0 - 16l 0.1 .0062 -
10 105 1.0 L0095,

33 - 59,7 3.0 T L0168
.20 46.s, 5.0 L0215
L4 0 358 7.1 .0279

a1 30.0 9.1 .0333 -
095 . 277 10.5

The buffer used was 0 782 M AMP, pH 10.3 contalnlng 1.5 mM

- MgCl,

T

‘ and the enzyme assays: were. performed on a recordlng
“spec%rophotometer at 30° s )
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f.",,Fxgure 16 Lineweaver—Burk plot used for K determinatlon g
" oof p—nitro henyl: phosphate for: liver: alkalTne phoaphatase.‘

'fﬁThe assa ;buffer was 0.782 MKAMP, pH 10.3 (HCl) ‘containing - R
? : : The value of -l/Km.was -2.0 me measured at o




i

Posen et al (1965) who 1ncubated the enzyme samples at

56; for 10 min. and have been used in dlfferentlatlng the
1soenzymes present in sera.. Heat stablllty trials (Table

7) done on the four tlssue 1soenzymes of alkallne phos— ,_;
phatase bone, 1ntest1ne, llver and pi\benta support the

~ results obtained by Posen et al (1965) The bone 1soenzyme1.r
was the least re51stant to heat, as only 26% of 1ts act1v1ty
'3rema1ned after 1ncubatlon for 10 mln. at. 56"‘ The placental
enzyme was the most heat stable w1th 92% of 1ts act1v1ty
,:.remalnlng after the heat treatment." The heat stablllty

iffor the llver and 1ntest1ne 1soenzymes were 74% and 85%
v i

u‘.respectlvely : U51ng the crlterlon of heat stablllty a

’serum sample whlchfls largely 1nact1vated by heat tréatment, ‘
- is said to be predomlnantly bone alkallne phosphatase and

o a serum sample whlch IS not p 'atured severely by heat

"'treatment may contaln predomlnantly any of the other iso—‘
ogenzymes. These 1soenzymes can partlally be dlstlngulshed

o by electrOphor381s (See section Iv A 1 ahpve)

f--Ai'



Table 7 Heat stablllty determlnatlon on the 1soenzymes of
-alkaline phosphatase. _ : : , v

v

o ISoehzyme L Activity Remaining L\‘ Average of'Trlals

o Placenta Trlal T :t§7{f;f“,ff

‘Intestlne Trlal l.' _"_3_88

after Treatment (%) for each Isoenzyme
L - (%) ’

B B e TS s S

Bone‘ . Trial 1 29
- Trial 2"-"'gA‘32' 26

| QTrlal 3. - 19

Trial 2 94 . g5

Trial 3 72

..g_.-Liver‘ . Trial l't-vulé»\~76;h

R T

Tr1a1 3. " ee

) ,Tria1~2f‘i,fs'; 92 [;'ff*pgf B 92 "
"f’-ﬂ,-‘,#ial' ER T SR

A

'fﬂEach trial consxsted of 1ncubat1ng the 1soenzyme at 56 0 PR
for 10 min. and assaylng for remaining alkaline phosphatase o

,activxty before treatment s

activity, The activigy is expressed as percent of the

N
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GENERAL DISCUSSION AND CONCLUSIONS }:.> i "}v
The avallablllty of pure alkallne phOSphatase4t_'
:-proteln w1ll allow the studq of spec1f1c phosphatase
act1v1t1es reported to be assoc1ated w1th the enzyme as’
‘well as characterlzataon of the proteln 1tself._ In thls

B study human'llver alkallne phosphatase was purlfled for _N

.:fthe purpose of studylng the latter.’ The purlty of the

»enzyme was estlmated at 75% as- Judged by polyacrylamlde gel

i electrophoresxs._ Thls is an 1850 tlmes purlflcatlon over

‘that of the butanol extract and 1t resulted 1n a proteln
.;-with a spec1f1c act1v1ty of 480 U/mg proteln. ThlSslS the

flrst report that demonstrates the purlty of ‘a human llver :

"7, :alkallne phOSphatase preparation,zr*;i“

Isoelectrlc focu31ng was used to determlne the
.i .

p isoe}ectrlc p01nts of llver, bone, 1ntest1na1 and placental

&

:A_'alkaline phosphatase in relatlon to the xsoelectrlc p01nts Nf'

":fof the components found 1n normal and pathologlcal Sera.s‘“"h'

"Q'Thls is the flrst report of the 1soe1ectr1c pOlntS of human o

“:;ihbone and intestlnal alkallne phosphatase. The focu51ng

1

'ftechnique was. found to be superlor to e}ectrophore31s for '”ﬁj~~

".the separatlon of the four 1soenzymes of alkallne phos--N

}Tf}phatase._ With thls technlque a normal serum COntalnlng

"fﬁhpredomxnantly slow" llver alkallne phosphatase was dis-*

71fttinguishab1e from a serum thh a 1arge amount of "fast"’:ﬁflf

» ffffliver alkaline phOSphatase. also, 11ver serum alkaline phos-iru°’

/:TT*{fff“
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.‘{l".

‘phatase was dlStlnguishablesfrOm'bone serum’alkaline ?:
{Vphosphatase. | “ | | A : |

The molecular welght of human llver alkallne
phosphatase was determlned usrng gel flltratlon chroma-
' tography.tO-be.ZZ0,000 daltons, This value is con51stent
with‘those'of.othersworkers,'houever,-lt may beuerroneously
A:high. 'WithAthiSTConsideration in mind it.appears reasonable -
that the subunlt molecular determlned on SDS—polyacrylamlde<:

- gels to be 76 700 1s one half of the entlre enzyme molecule

a prt is suggested that human }1ver alkallne phosphatase is-a.

'~5fd1mer molecule of two 1dent1cal molecular welght subunlts. .

’:'ITThis has not been pre i usly demonstrated for human llver
: XE

falkaline phOSphatase.v ’

s Substrate specrflcity studles were performed to

'l-i_determxne a substrate whlch was not greatly rnfluenced by

' ::the presence of any partlcular 1soenzyme o: alkallne

vlphosphatase in a serum sample.“ It is knOWn that certaln |
'"of the lsoenzymes of alkaline phosphatase are more reactlve L
swith partrcular substrates. For comparlson of the substrates_ffv”‘

:}{the same buffer, pH and temperature condltlons were used

"‘ifjwith each substrate. a p01nt which had not always been ;

: “f;adhered to in previously performed comparisons. It was "n;°

\'*;fshowed parallfi

N

'Rshown that liver and bone tissue alkallne phosphatase f,"':

reactivities thh the four substrates ?f

“'3f.fexamined but thatvall tissues on the whole showed a higher
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spec1f1c act1V1ty w1th p~n1trophehyl phosphate than w1th '
phenolphthaleln monophosphate The use of p- nltrophenyl ‘
phosphate was - therefore concluded as the pﬁeferred

substrate for assaylng alkallne phosphatase from varlous

-.tlssue sources
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