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SUMMARY 

I. The two isozymes of alkaline phosphatase (orthophosphoric monoester 
phosphohydrolase, EC 3.1.3.1) detectable in human blood group O plasma have been 
separated from one another and isolated in a high state of purity. With p-nitrophenyl 
phosphate as substrate, the catalytic properties of the two isozymes appear to be 
the same with respect to pH optimum, lO.5; Kin, o.35-o.4 mM, and activity in the 
presence of EDTA, Mg 2+ and Zn 2+. The isozymes differ in their electrophoretic 
mobilities and in their reactivity in the presence of activators and inhibitors. L-Phenyl- 
alanine specifically inhibits the minor isozyme. 

2. Comparison of the isozymes isolated from plasmas of individuals of different 
phenotype indicates that  the major isozyme is the same in A, B and O. The minor 
isozymes of B and O appear to be identical, but they both differ from the minor 
isozyme detectable in A individuals. Although separable electrophoretically on 
acrylamide disc electrophoresis and on DEAE-cellulose columns, the minor isozyme 
from group A individuals appears to have the same catalytic properties as the major 
component from group A plasma. 

INTRODUCTION 

The multiplicity of alkaline phosphatases (orthophosphoric monoesterphos- 
phohydrolase, EC 3.1.3.1) in plasma is readily demonstrated by electrophoretic 
procedures 1-~. Attempts  have been made to identify the organ of origin of the various 
isozymes of alkaline phosphatase4-% The isozymic pat tern in plasma of normal 
individuals consists of two bands; one, electrophoretically faster migrating, believed 
to be of bone or hepatic origin, and the other (slower) of intestinal origin. ARFORS 
et ald noted a very conspicuous association between the number of phosphatase 
bands observed and the ABO blood group of the individual. A subsequent publi- 
cation s suggested further association with the Lewis blood group system. Similar 
correlations of the blood group with the number of alkaline phosphatase bands 
detectable in the zymograms were made in cattle 9 and sheep 1°. In each case there is 
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a strong correlation between the absence of one of the phosphatase bands (of " in-  

testinal" origin) and the blood group A character in cattle, sheep and man. This 
correlation is of interest as it represents the first well-documented case of a physio- 
logical parameter associated with a specific blood group of the individual. 

A number of hypotheses have been put forward to explain the observed 
correlation 11-1a. However, as the problem was investigated further, the influence of 
other genetic as well as temporal factors la became apparent. Indeed, more recent 
studies have indicated that the detection of the slower "intestinal" isozyme is 
markedly affected by the diet just prior to sampling of the plasma 15. And it can be 
anticipated that the picture will become even more ambiguous so long as the present 
procedures are used, for it is well known that alkaline phosphatase activity is greatly 
influenced by a number of substances that are normal constituents of plasma 16-19. 

In order, therefore, to obtain a clearer understanding of the nature and function 
of the isozymes of alkaline phosphatase, and the role that they might play in the 
story of the blood groups, it will be necessary to isolate them in pure form. Alkaline 
phosphatase has been isolated from Escher ich ia  coli 2° 31 as well as in a high state of 
purity from a number of organs 22-26, and from sheep serum 27, but, surprisingly, 
never as yet from human plasma. 

The purpose of this communication is to describe the isolation and purification 
of the plasma alkaline phosphatases by a number of simple steps, and to further 
separate the two isozymes and compare their properties, first with one another, and 
secondly with the two isozymes isolated from plasmas of individuals of different 
phenotype A, B and O. 

EXPERIMENTAL PROCEDURE 

M a t e r i a l s  

The crystalline disodium salt of p-nitrophenyl phosphate was obtained from 
Mann Research Laboratories. p-Nitrophenol, the product of enzymatic reaction, was 
obtained from Fisher Scientific Co. This had a molecular extinction coefficient of 
1.75.1o 4 under the conditions of the assay for alkaline phosphatase activity. 

The following commercially available materials were used: reagents for poly- 
acrylamide disc electrophoresis (Eastman); starch for the starch gel electrophoresis 
(Connaught Medical Research Laboratories); DEAE-cellulose (DE52) (Reeve Angel 
Company, New York, N.Y.); Sephadex G-2oo (Pharmacia); collodion bags for dia- 
lysis (Schleicher and Schuell Company). It  was necessary to wash the bags prior to 
use, first with o.oi M NaOH, then with o.oi M HC1, followed by distilled water and 
the 0.05 M Tris-HC1 buffer (pH 7.7). Buffalo black, used for the staining of proteins 
in gel electrophoresis, was obtained from Allied Chemicals. The sodium salts of a- 
or fl-naphthyl acid phosphate, used as the substrates for the detection of alkaline 
phosphatase on gel electrophoresis, were obtained from Sigma. The Blue RR salt 
necessary to develop the colors with the naphthol released was obtained from Allied 
Chemicals. 

The following compounds were tested for their ability to enhance or inhibit 
the alkaline phosphatase activities of the isozymes: citric acid, CoC12.6H20, sodium 
tetraborate, ZnC12 and zinc acetate (Allied Chemicals); KF, K3P Q . n H 2 0 ,  K2SO4, 
MgC12 • 6H20, Na2HAsO4.7H20 (J. T. Baker Chemical Co.); D-tyrosine (Calbiochem) ; 
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sodium taurocholate (Difco); DL-alanine, EDTA, L-tyrosine (Eastman); Na2SO4 
(Mallinckrodt); deoxycholic acid, D-phenylalanine, L-phenylalanine, oubain (Sigma), 
bacitracin (Upjohn Co.). 

Human plasma used for the isolation of the alkaline phosphatase was of two 
sources : (a) outdated plasma from individuals of known ABO phenotypes which had 
been stored 21 days at room temperature and (b) fresh blood after its clinical use for 
open heart surgery. This was spun free of erythrocytes, and owing to some mechani- 
cal t rauma of this blood during clinical use, the resulting plasma invariably had some 
hemoglobin as a contaminant. 

Methods 
Total protein in eluates from the chromatographic columns was determined 

by the absorbance at 28o nm ~8, while the protein content of the various fractions 
was determined by the microbiuret procedure ~9 using bovine serum albumin as 
standard. 

Starch gel electrophoresis was performed by the horizontal method of SMITHIES 30 
in borate buffer (pH 9.0). The starch and buffer concentration used varied with each 
particular lot of starch but in general was approximately 12 g starch per IOO ml of 
0.02 M H3BO 3 and 8 mM NaOH. The electrophoretic separation time was 17 h at 
6 V/cm at 4 °. The isozymes of alkaline phosphatase were visualized by staining 5 h 
at 37 °, with sodium a-naphthyl acid phosphate and Blue RR salt in 0.05 M Tris-HC1 
buffer (pH 8.8) 31. Destaining was achieved in 18 h soaking in methanol-water-acet ic  
acid (5:5:1, by vol.). 

Disc electrophoresis in polyacrylamide was performed by a modification of the 
procedure of DAVIS 32 with the use of lO% cyanogum separating gel prepared in 
Tris borate buffer (pH 9.1). The electrophoretic separating time was usually i mA 
per tube for 5 rain followed by 6 mA per tube for 55 min at 4 °. Staining of the iso- 
zymes was achieved by incubation in the dark for 20-3o rain with sodium/5-naphthyl 
acid phosphate and Blue RR salt in o.o61 M (pH 9.1) borate buffer solution con- 
taining o.ooi M MgC12. The acrylamide gels were then destained with tile same 
solution used for the destaining of the starch gels. 

Enzyme assay. Alkaline phosphatase activity was determined by a modification 
of the method of BESSEY et al. ~. Unless otherwise indicated, incubation mixtures 
contained the following components in a final volume of I . I  ml: 5o #moles of glycine 
buffer (pH IO.5) , 0. 5 #mole of MgC12, 7.5/zmoles of sodium p-nitrophenyl phosphate, 
o.i  ml of plasma or enzyme fraction containing o.I to 0. 5 units of enzyme in 5 #moles 
Tris-HC1 buffer (pH 7.7). The reaction was stopped after 3o rain at 37 ° by the ad- 
dition of IO ml of 0.02 M NaOH. The resulting absorbances were immediately read 
at 41o nm. 

A unit of alkaline phosphatase activity is defined as the amount of enzyme that  
releases I /zmole of p-nitrophenol per h from p-nitrophenyl phosphate. Specific ac- 
t ivity is expressed in terms of #moles of p-nitrophenol released per h per mg of protein. 

In tile stoichiometric studies the alkaline phosphatase activity was also 
assayed by deterllfination of inorganic phosphate released using a modification a4 of 
the FISKE-SUBBARow a~ procedure. 
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RESULTS 

Starch gel electrophoresis is the best means of demonstrating the differences 
in zymogram patterns obtained from individuals of different phenotypes. We have 
been able to confirm the observations of others that B and O individuals always give 
two isozymic bands, while in general individuals of group A non-secretors give one 
alkaline phosphatase isozyme and on occasion a second band is detectable. However, 
in confirmation of SHREFFLER'S 14 observations, there is a variability in the intensity 
of the second alkaline phosphatase isozyme. 

This second isozyme band in plasma of group A non-secretors, not always 
detectable in starch gel zymograms, is invariably readily picked up by the acrylamide 
disc electrophoretic technique. The possibility of a contaminant in the starch gel 
selectively inhibiting one of the isozymes in the A non-secretor plasmas was tested 
for by the incorporation of boiled starch gel in the acrylamide prior to the run. No 
such inhibition was detected, although the migration of the isozymes in plasma of 
A and O individuals was greatly slowed in the acrylamide gels containing the starch. 

The possibility that the different buffers, substrate, and staining procedures 
used in the starch and acrylamide gel techniques might have a selective effect on 
the second isozyme in plasma of A non-secretors was tested for and found not to 
influence the outcome. In all cases acrylamide gel disc electrophoresis gave two 
alkaline phosphatase isozymes in plasma of A, B, and 0 individuals, in contrast to 
starch gel electrophoresis which usually shows but one band in A non-secretors. 
Acrylamide disc electrophoresis was the procedure adopted for the routine work to 
be described because of its versatility, speed and sensitivity. In order to get clearcut 
sharp bands (Fig. 3) it is necessary to apply the plasma diluted (1:2) with buffer 
prior to the electrophoretic run. Use of concentrated plasma gave erratic and poor 
separations. 

Purification and separation of alkaline phosphatase isozymes 
All the fractionations were performed at 4 °. 
Ethanol fractionation. Outdated plasma from blood group 0 individuals was 

pooled (2318 ml) and chilled to o °. Ethanol (95%) was previously chilled to --IO ° 
and slowly added to the plasma with constant stirring to a concentration of 55% 
ethanol (2833 ml). The resulting precipitate was removed by centrifugation in a 
Sorvall centrifuge at 13 200 x g. Further amounts of ethanol were added to the 
supernatant to an alcohol concentration of 65 %. This precipitate was dissolved in 
230 ml of 0.05 M Tris-HC1 buffer (pH 7.7). Most of the alkaline phosphatase was 
found in this fraction 55-65 %. Refractionation of the 55-65 ~o fraction with ethanol 
resulted in a further purification (Table I). The final 55-65 °/o ethanol precipitate was 
blue in color and contained the major portion of the ceruloplasmin and alkaline 
phosphatase activity of the initial plasma. 

Sephadex G-2oo treatment. This fraction, 12 ml, was then applied to a Sephadex 
G-2oo column (2.2 cm × 41 cm) previously equilibrated with the 0.05 M.Tris-HC1 
buffer (pH 7.7). The proteins were eluted with the same buffer at a flow rate of I ml 
per 21 rain and 2-ml fractions were collected for protein and enzyme assays. The 
elution pattern obtained is shown in Fig. I. The alkaline phosphatase activity eluted 
in Tubes 20-45. However, only Tubes 23-39 were pooled (29 ml). 
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T A B L E  I 

P U R I F I C A T I O N  O F  P L A S M A  A L K A L I N E  P H O S P H A T A S E  I S O Z Y M E S  

Fraction Vol. Protein 
(too (~glml) 

Activity Specific Purification % of 
(units/ml) activity factor total activity 

Original plasma 2318 72.0 1.6 0.022 i ioo 
First  ethanol 55-65% 23o 86.o 8.8 o. io 4-5 54.5 
Second ethanol 55-65% i2 80.0 78.0 0.97 44.0 25.2 
Sephadex G-2oo eluate 29 6.0 13.2 2.2 ioo.o lO. 3 
DEAE-cellulose, minor, Pool I 3 ° o.17 2.0 12,o 545.0 1.6 

Peak I 6.5 o.17 4.14 24. 3 11o4.o o.6I 
DEAE-cellulose, major,  Pool I I  40.5 o.14 3.6 26,0 1182.o 4.0 

Peak I [  io.o o.14 7.4 53,o 2409.0 1.9 

DEAE-cellulose chromatography. The solution obtained from the Sephadex 
G-2oo eluate (Tubes 23-39) was passed through a DEAE-cellulose column (I.8 cm × 
30 cm) which had been previously washed and equilibrated with 0.o 5 M Tris-HC1 
(pH 7.7) buffer. All the proteins were absorbed on the column. The column was then 
treated successively in a batchwise manner with 0.05 M Tris-HC1, pH 7.7 (148 ml), 
followed by NaC1 solutions of increasing molarity in the same buffer and in the 
following volumes: 0.02 M (24 °ml ) ,  0.04 M (220 ml) and 0.06 M (600 ml). Fractions 
of 5 ml were collected, at the rate of 3 ml in 5 rain, for protein and enzyme assays. 
The stepwise elution pattern obtained for the DEAE-cellulose column is shown in 
Fig. 2. There were two principal alkaline phosphatase peaks, the minor component 
eluting with the 0.04 M NaC1 and major component with the 0.06 M NaC1. The peak 
tubes of the minor, No. 128, and maior , No. 173, were kept separate and referred to 
as the peak Tube I and peak Tube II ,  respectively. The minor component appears 
to be heterogeneous from its elution pattern. Only the contents of Tubes 126-134 

E 

g 

Effluent tube No. 

Fig. i. Rlut ion-pat tern  of 55-65% ethanol refractionated material  f rom Sephadex G-2oo. Protein 
concentrat ion ( (2 ) - ' -©)  was determined by  absorbance at  28o nm and the alkaline phosphatase  
act ivi ty ( ~ - - O )  with p-n i t rophenyl  phosphate  at 41o nm. 
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Fig. 2. DEAE-cellulose chromatography  of Sephadex G-2oo eluate. Protein concentrat ion 
( O - ' - O )  and alkaline phosphatase  activity ( 0 - - 0 )  were determined as in Fig. i. The arrows indi- 
cate where the salt concentrat ion was changed (A) o.04 M, (B) 0.06 M NaCI in o.05 M Tris-HC1 
(pH 7.7). 

(with the exception of Tube 128) were pooled, and these constituted what is referred 
to as Pool I. Pool I I  represents the sharp major peak No. 171-177 (with the exclusion 
of Tube 173 ). A summary of the fractionation is shown in Table I. 

Purity of isozymes 
The course of fractionation at the various stages of purification (Table I) was 

followed by electrophoresis on polyacrylamide gels and stained for protein and 
alkaline phosphatase activity, as indicated in Methods. Fig. 3 shows the results ob- 
tained with the Sephadex G-2oo eluate and the minor and major pools. Each indi- 
vidually gave but one band, the mixture of the two gave two bands identical to the 
initial Sephadex G-2oo eluate. 

IIUHttl 
I i I I I I Anode 

G-200 Minor Major 
P E P E P E 

Fig. 3. Pur i ty  of  alkaline phosphatase  isozymes at  various stages in the purification as monitored 
by polyacry]amide gel electrophoresis of 0.006 units  of enzyme in Tr is -bora te  buffer (pH 9.0) 
and stained for protein with Buffalo black (P) and for alkaline phosphatase  act ivi ty (E) by  proce- 
dures  described in Methods. 
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T A B L E  I I  

C O M P A R I S O N  O F  A L K A L I N E  P H O S P H A T A S E  I S O Z Y M E S  I S O L A T E D  F R O M  P L A S M A  O F  D I F F E R E N T  B L O O D  

P H E N O T Y P E S  

Blood Fraction A ctivity Protein Specific % of 
group (units/ml) (mg/ml) activity total activity 

O 

O 

O 

A 

B 

Orig inal  p lasma* 1.6 72.o o.o22 - -  
Major  p e a k  7.4 o.14 53.0 2.oo 
Minor p e a k  4.14 o.17 24. 3 o.73 

Original  p lasma* i .o  76.o o.o13 - -  
Major p e a k  3.6 o.o92 39.2 1.9 
Minor peak  i .o  0.092 i I.O 0.56 

Original  plasma"* 2. 4 62.o o.o39 
Major peak  6. 3 o. i 63.o 0.58 
M i n o r  p e a k  4.4 0.2 22.0 0.32 

O r i g i n a l  p l a s m a " *  2.1 62.0 0.034 - -  
Major peak  19.o 0.23 83.0 1.6 
Minor peak  5.5 1.12 5.0 0. 5 

Or ig inal  p lasma""  2.5 6o.o .04 - -  
Major  peak  14.6 o.16 91.o 1.1 
Minor peak  5.2 0.2 26.0 0. 4 

* O u t d a t e d  p lasma.  
. . . .  Open-hea r t "  p lasma.  

Alkaline phosphatase material eluting with o.o 4 M NaC1 between Tubes 134 
and 16o (Fig. 2) migrated with the speed of the minor component. Admixture of 
this with the peak tube of the minor component gave but one alkaline phosphatase 
band indicative of its relation to that  isozyme. 

Comparison of the alkaline phosphatase isozymes isolated from plasma A, B, and 0 
individuals 

Table I I  summarizes the results of fractionation obtained with another batch 
of outdated O plasma and the plasmas of phenotype A, B, and O, respectively, from 
bloods after use for open heart surgery. I t  is interesting to note that  despite the 
differences in specific activities of the major and minor peak tubes obtained from 
the different phenotypes in DEAE-eellulose fractionation, the ratio of the two 
specific activities is of the same order in material isolated from B and 0 individuals, 
approx. 3, while it is much higher in the material isolated from blood of an A indi- 
vidual (83/5 or 16). I t  would appear therefore that  while the minor, electrophoreti- 
cally slower migrating component is present also in the plasma of A individuals, it 
is actually present in smaller quantities as compared to that  found in B and 0 
individuals. 

In each case the contents of the peak tubes of major and minor alkaline 
phosphatase were run separately and in admixture and compared to the original 
Sephadex G-2oo eluates which contained the two isozymes. In all cases the double 
isozyme band pattern of the Sephadex G-2oo eluate was resolved into two separate 
components, major and minor, on the DEAE-eellulose column. These separated 
isozymes migrated as individual bands on disc eleetrophoresis. Remixing of the major 
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;!!!!! 
Major isozyrnes 

!!J!!!Anoe 
Minor isozymes 

Fig. 4. Disc acrylamide gel electrophoresis of major and minor isozymes from A, B and O indi- 
viduals alone and in admixture.  

and minor gave rise to two bands again as in the initial Sephadex G-2oo eluate. The 
isozymes isolated from a pool of A blood behaved in an analogous manner to the B 
and 0 systems (Fig. 3). 

Next it was of interest to determine the electrophoretic pattern obtained from 
a mixture of the major components from A and B, A and O, and B and 0 run in 
parallel with the major components from A, B, and 0 run alone. Only one band was 
obtained in each case indicating the probable identity of the major alkaline phos- 
phatase isozyme from the plasmas of A, B, and 0 phenotypes (Fig. 4). 

On the other hand, admixture of the minor isozyme components gave an 
interesting distinction as shown in Fig. 4. Mixture of the minor 'components  of B 
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~" I I I I J I i I J J t f _ 
1 2 3 4 5 6 0 9.5 10.0 10.5 pH 11,0 11.5 12.0 0 [p-Nitrophenyl phosphate],~] (M) xlO 3 

Fig. 5. Ef fect  o f  p H  on enzyme ac t iv i t y .  Assays (3 ° min at  37 °) were pu t  up as fo l lows:  ioo  p] o f  
the enzyme conta in ing o.36 un i t  o f  the ma jo r  (O -10 )  and o.2 un i t  o f  the minor  ( © - -  ©) ,  500 td 
of o.I M glycine buffer of appropriate pH, 9 . I - i2 .  3, and 500/~l of p-nitrophenyl phosphate, 7.5 
pmoles. 

Fig. 6. Effect of substrate  concentration on reaction rate. Assays (3 ° min at 37 °) were put  up 
under the s tandard conditions with varying amounts  of substrate  and the minor (© . - © )  or 
major ( O - ' - O )  isozyme; the corresponding IS]Iv against  [S 1 plots for minor (©--(2)) and major 
(o--o). 

Biochim. Biophys. Acta, 242 (i97i) io8-122 



116 D. AMINOFF et al. 

and 0 gave one band as did each of the minor components from A, B, or 0 run 
separately. However, mixtures of the minor components of A and B and of A and 0 
in both cases gave rise to two bands, indicating their non-identity despite their very 
close mobility on the DEAE-cellulose column and disc electrophoresis. 

Kinetic studies 
The isozymes isolated from outdated group 0 plasma were used for these 

initial experiments. Maximal activity is obtained at pH lO.5 for both isozymes 
(Fig. 5). The Km values, as determined by the HANES 37 modification of the LINE- 
WEAVER--BuRK 36 plot, were approximately the same for the major, 0. 4 mM and 
minor, 0.35 raM, isozymes (Fig. 6). Under the conditions of enzyme assay used, the 
rate of hydrolysis of p-nitrophenyl phosphate is proportional to the amount of 
enzyme (Fig. 7) and period of incubation (Fig. 8). 
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o, 
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Incubation t i m e  (rnin) 

Fig. 7. Effect  of  e n z y m e  concen t ra t ion  on reac t ion  rate.  i n c u b a t i o n  m i x t u r e s  were made  up as 
descr ibed in t he  tex t .  O - ' - O ,  minor ;  0 - - - 0 ,  major .  

Fig. 8. Effect  of  t ime  on a m o u n t  of  p -n i t ropheno l  released. E q u i v a l e n t  a m o u n t s  of  e n z y m e  un i t s  
were p u t  up,  minor  ( O - ' - O )  and  ma j o r  (Q---O) componen t s .  

Stoichiometry. Typical incubation mixtures were put up with the two isozymes 
and both products--pmitrophenol  and inorganic phosphate--were determined. 

With both isozymes equivalent amounts of the two products were released, 
indicating that  the phosphate released is not utilized to phosphorylate either isozyme. 

Inhibitors and activators. The effect of a number of compounds on the activities 
of the major and minor isozymes was investigated. The results obtained are shown in 
Table IIIa, and demonstrate that  the activities of both isozymes are inhibited by 
EDTA and enhanced by Mg 2+ and Zn ~+. On the other hand L-phenylalanine speci- 
fically inhibits the minor; while sodium taurocholate, deoxycholic acid and K3PO 4 
inhibit the major isozymes. The effect of MgC12 concentration on the activity of both 
isozymes was found to be the same (Fig. 9). 

There was a significant amount of activity, even in the absence of added MgC12. 
In order to remove all metal  ions, the enzymes were dialyzed against EDTA. The 
enzyme, IO ml of the DEAE eluate, was exhaustively dialyzed against four successive 
changes of 0.04 M EDTA in the o.oi M Tris-HC1 (pH 7.7) buffer in collodion bags. 
(The bags had previously been washed with acid and alkali as described in Materials 
and further washed with the 0.04 M EDTA, in 0.05 M Tris-HC1 buffer prior to the 
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T A B L E  I I I  

E F F E C T  O F  A D D I T I V E S  ON T H E  A C T I V I T I E S  O F  M A J O R  A N D  M I N O R  I S O Z Y M E S  F R O M  P L A S M A  O F  G R O U P  O B L O O D  

The e x p e r i m e n t a l  condi t ions  were as follows: (a) und ia lyzed  enzyme  wi th  no MgC12 or ZnCI 2 added,  (b) d ia lyzed  
enzyme  (EDTA-t rea ted)  and  ZnC12 added  to  a final concen t r a t ion  of 2 mM in the  i ncuba t ion  mix tu re ,  and  (c) 
und ia lyzed  enzyme,  in the  presence of 2 mM ZnC1,. The o ther  componen t s  of the  i ncuba t ion  m i x t u r e  were as 
descr ibed under  Enzyme assay. 

A dditive 
(0.39 mM) 

Experimental conditions 

a b c 

Major Minor Major Major Minor Maior Major Minor Major 
(%) (%) (%) (%) (%) (%) 

Minor Minor Minor 

None I OO I OO I .  O I OO I OO 1. O I OO I OO I .O 

D-Tyrosine 68 91 0.75 77 94 0.82 86 lO 3 0.83 
L-Pheny la lan ine  90 76 1.19 90 80 1.12 lO 4 85 1.22 
Sodium a r sena t e  79 87 o.91 63 83 0.76 68.5 95 0.73 
Sodium t au rocho la t e  56 89 0.63 86 93 0.92 96-5 94.5 1.o2 
Sodium deoxycho la t e  63 94 0.67 88 93 0.94 92 94 0.97 
KsPO4 56 84 0.67 80 99 o.81 i o i  lO 5 0.96 
K F  lO8 114 0.94 92 lO 4 0.88 lO6 lO 7 i .o  
CdC12 68 78 0.87 80 71 1.13 98 lO8 o.91 
Na2SO 4 86 94 o.91 ioo  lO2 0.98 116 lO 3 1.13 
K2SO~ 82 90 o.91 I i i  IOI i . i o  I i i  lO 4 1.o 7 
Bac i t r ac in  ioo  113 0.88 85 98 0.86 84. 5 lO 5 0.80 
Ouba in  98 lO2 0.96 98 IOO 0.98 98 lO 5 0.93 
L-Tyrosine 78 90 0.86 lO6 IOi 1.o 5 IOi i i o  0.92 
D-Pheny la lan ine  9 ° 88 i .o2 96 94 i .o2 lO 7 lO 7 i .oo 
Citr ic  acid 63 77 0.82 98 IOO 0.98 80 91.5 0.88 
ZnC12 144 143 i .oo 
MgC1, 131 127 1.o 3 
COC12 67 61 i . IO 87 77 1.13 87. 5 lO2 0.86 
MnC12 49 51 0.96 80 71 1.13 98 lO8 o.91 
E D T A  6 5 1.2 94 93 i .o 93.5 93 I.O 

o 0.2 

_~ 0.12 

0.05 

I I I I i I I 
0.5 1 1,5 20  25  3.0 3.5 4.0 

Finot concn, of M g C [  2 (M)  x 10 3 

~ 0.2C 

0.1~ 

~ 0.10 

o_ 
2 ao5 

& o 
0 

ZnCI 2 

M. 1_ ~ .._J J 
a 5  1/3 1.5 2.0 2.5 3.0 3.5 4,0 

Finol conch, of solt ( M )  .10 3 

Fig. 9- Effect  of  MgCI, on the  ra te  of  react ion.  E q u i v a l e n t  a m o u n t  of enzyme  un i t s  were pu t  up, 
minor  ( G - ' - Q )  and  ma jo r  (O- -Q)  components .  

Fig. IO. Effect  of MgC12 and  ZnC1, on the  ra te  of reac t ion  of E D T A - d i a l y z e d  a lka l ine  phospha ta se  
i sozymes  ( G - ' - Q ,  minor ;  O - - O ,  major) .  
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addition of the enzyme.) After the dialysis against the EDTA, the bag contents were 
dialyzed exhaustively against four successive changes of Tris-HC1 to remove the 
EDTA. The bag contents were then analyzed for protein content to determine if 
there was any change in concentration. No significant change in protein content was 
detected. 

Neither the major nor minor dialyzed enzyme preparations showed any 
activity. Addition of MgC12 or CoC12 to the dialyzed enzymes resulted in no significant 
increase in activity, less than 6%. Only the addition of ZnC12 appeared to enhance 
the activity. Fig. IO shows the effect of ZnC12 and MgC12 on the major and minor 
enzymes (in equivalent amounts of units of enzymes) under substrate saturation 
conditions and in glycine buffer (pH lO.5). 

" F A B L E  I V  

SYNERGISTIC EFFECTS OF a n  2+ AND M g  2+ 

Nature of enzyme Additive Relative velocity 
of reaction 

ZnC12 MgCI 2 (%) 
(~M) (t,M) 

U n d i a l y z e d  

D i a l y z e d  

N o n e  N o n e  i o o  
N o n e  0. 5 212 
0.5 234  
2.5 238  

2.5 2.5 253 
2 .5  2 3 3  

2. 5 2 .6  
0. 5 2 .0  89 

In the absence of metal, presumably Zn 2+, after EDTA dialysis, Mg 2+ has 
little or no effect. I t  is only in the presence of minimal amounts of Zn 2+ (Table IV) 
that  Mg 2+ shows the synergistic effects previously observed. 

Effect of inhibitors and co-[actors in presence and absence of Zn 2+. In view of 
the above observations it was of interest to determine the effects of the inhibitors 
and co-factors on the two isozymes under three distinct sets of conditions. The results 
obtained with isozymes from group 0 are summarized in Table In,  group B in 
Table V and group A in Table VI. 

The most significant observation is that  in general the minor isozyme from 
group A plasma behaved like the major isozyme with the ratio of major to minor 
activities close to one. There was however one exception, with the additive CdCI~, 
where the ratio was 1.3. Dialysis or addition of ZnC12 to the dialyzed or undialyzed 
enzyme does not significantly change the ratio. On the other hand, the ratio of 
major/minor activities for B and 0 blood is similar and in general they are affected 
in the same manner under the different incubation conditions (Tables III, V, and VI). 

Alkaline phosphatase isozymes and blood group activity 
Blood group activity of Sephadex G-2oo eluates. Alkaline phosphatase has been 

reported to be a glycoprotein 2~. I t  is possible that  the alkaline phosphatase isozyme 
would have the same type of oligosaccharide chains as are present in the blood group 
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T A B L E  V 

E F F E C T  O F  A D D I T I V E S  O N  T H E  A C T I V I T I E S  O F  M A J O R  A N D  M I N O R  I S O Z Y M E S  F R O M  P L A S M A  O F  G R O U P  B B L O O D  

For  e x p e r i m e n t a l  condi t ions ,  see Table  I I I .  

Additive 
(o.39 m31) 

Experimental conditions 

a b c 

Major Minor Major Mc~jor Major Minor Major Minor Major 
(%) (%) (0/0) (°4) (%) (0/0) 

Minor Minor Minor 

N o n e  i o o  i o o  I . o  I o o  i o o  i .  o i o o  i o o  I . o  

D-Tyrosine 67-5 99.5 0.68 8o 90 0.88 88 97 o.91 
L-Pheny la lan ine  95-5 65 1.4 98 77 1.2 ioo  75 1.3 
Sod ium a r sena te  6o 70.5 0.85 7 ° 83 0.84 75 88 0.85 
Sodium t au rocho la t e  58.5 75-5 0-77 
Sod ium deoxycho la te  74 93 0.79 
K~PO4 73.5 85. 5 0.86 
K F  9 ° lO7 o.84 99 io8 o.92 lO6 lO 4 i .o 
CdC12 54 58 o.93 93 97 o.9I 96 l o l  o.95 
Na2SO4 85 IOO o.85 
K2SO4 83-5 96 0.86 
Bac i t rac in  95 114 o.84 
Ouba in  96 lO 5 o.92 

substances, and that these would have the characteristic terminal sugars specific to 
the given phenotype of the individual from whom the enzymes were isolated. 

The Sephadex G-2oo eluate represented a Ioo-fold purified alkaline phosphatase 
preparation and contained both isozymes. The Sephadex eluate preparations from 
plasmas of group A, B, and 0 were therefore tested for their A, B and H activities 

T A B L E  VI  

E F F E C T  O F  A D D I T I V E S  ON T H E  A C T I V I T I E S  O F  M A J O R  A N D  M I N O R  I S O Z Y M E S  

F R O M  P L A S M A  O F  G R O U P  A B L O O D  

For  e x p e r i m e n t a l  condi t ions ,  see Table  I I I .  

A dditive 
(o.39 raM) 

Experimental conditions 

a b 

Major Minor Major Major Minor 
(%) (%) (%) (%) 

Minor 

Major Major Minor Major 
(%) (%) 

Minor Minor 

None 
n-Tyros ine  
L-Pheny la lan ine  
Sodium a r sena t e  
Sodium t a u r o c h o l a t e  
Sodium deoxycho la t e  
K3PO4 
K F  
CdCI~ 
Na2SO4 
K~SO4 
Bac i t r ac in  
Ouba in  

I O O  I O O  I . O  

I O O  I O O  I . O  

I O O  I O O  I . O  

76 84 0.9o 
75 75 0.97 
81 86 0.94 

lO7 lO 7 i .o  
lO2 lO6 0.96 

37.5 29 1.3 
88 98 0.90 

I O O  I O O  I . O  

95 8 4 I . I  
lO 5 I I I  0.94 

IOO IOO I.O IOO IOO I.O 
97 IOO 0.97 IO6 IO 5 I,O 

IOO IOI I.O IO 3 IOO t.O 
88 92 0.95 9O 94 0.96 

l l I  I i O  I . O  I I 8  I I 8  I . O  
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by the inhibitions of hemagglutination technique 38 using human A, B, and P cells 
and human anti-A and anti-B and eel anti-H sera. 

No A, B, or H blood group activity was detected in any of the preparations 
tested. Addition of the appropriate blood group substance to the Sephadex G-200 
eluate was readily detected by the inhibition of hemagglutination technique. 

Effect of blood group substances on the electrophoretic mobility of the alkaline 
phosphatase isozymes. It  has been postulated u that the major, faster migrating 
isozyme of alkaline phosphatase might form a complex with some blood group active 
glycoprotein. This would result in a high molecular weight complex with a diminished 
mobility that might correspond to that of the minor component. To test for this 
possibility, an electrophoretic run was put up in acrylamide gel with the major 
alkaline phosphatase isozymes run alone and in admixture with different, blood 
group substances ((a) purified hog submaxillary glycoprotein with A or H specificity a~, 
(b) partially purified hog gastric mucin containing both A and H active glyeopro- 
teins 4°, and (c) rhesus monkey gastric lining containing B substance). The major 
alkaline phosphatase isozyme gave but one band corresponding to the major band 
in mobility whether run alone or in admixture with any of the blood group substances 
cited, thus indicating that at least at the pH at which the electrophoresis was carried 
out, there is no complexing of the maior alkaline phosphatase with blood group 
active glycoprotein to give a slower migrating isozyme equivalent to the minor 
isozymic band. 

DISCUSSION 

By a number of simple steps it has been possible to separate and purify the 
two isozymes of alkaline phosphatase from group 0 plasma. The major and minor 
isozymes (the faster and slower electrophoretically migrating bands, respectively) 
have been obtained in a high state of purity, 24oo - and IlOO-fold, respectively. 
Nonetheless, they are still not homogeneous proteins since the specific activities of 
the enzymes in the peak tube were at least twice as high as the pool corresponding 
to that isozyme eluted from the DEAE-cellulose column. 

Remixing the major and minor isozymes which had been separated on DEAE- 
cellulose gave back the two original isozymic bands found in the Sephadex eluate and 
original plasma. Therefore, despite the low overall yield of the purified enzymes, they 
represent the two isozymes initially present in group O plasma. 

Kinetic studies of the two isozymes indicate their close similarities with 
respect to (a) pH optimum, lO.5, (b) Kin, o.4o and o.35 raM, and (c) behavior towards 
EDTA, Mg 2+ and Zn 2+. 

The two isozymes, however, differ in their (a) electrophoretic mobility, (b) ad- 
sorbability on DEAE-cellulose and (c) their reactivity towards p-nitrophenyl phos- 
phate in the presence of a number of different compounds. Some of these, e.g. D- 
tyrosine, sodium taurocholate, sodium deoxycholate and K3PO 4, preferentially in- 
hibit the major as compared to the minor enzyme. On the other hand the reverse is 
true with other compounds, e.g. L-phenylalanine which preferentially inhibits the 
minor isozyme. 

The effect of these substances is more readily detectable in the absence of zinc 
and in general they are abolished on addition of zinc ions, with one notable exception, 
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L-phenylalanine. The addition of Zn 2+ moreover also abolishes the differences between 
the reactivities of the major and minor isozymes. 

I t  is interesting to note that  neither isozyme is inhibited by F -  or preferentially 
modified by Na + or K ÷, oubain or bacitracin. 

In contrast to starch electrophoresis, disc electrophoresis on acrylamide gels 
persistently showed two isozymic bands in all blood groups, A as well as B and O. 
We are grateful to Dr. D. Shreffter for undertaking to run a number of plasmas from 
individuals of different blood types on starch gel electrophoresis at the same time as 
we ran them on disc electrophoresis. Using starch gel electrophoresis it was possible 
to differentiate between the zymograms obtained from plasmas of A non-secretors 
(I band) as compared to B and 0 (2 bands). Disc electrophoresis could not distinguish 
between them, as two bands were also obtained in the A non-secretors. We believe 
this difference in behavior with the two techniques is due to the greater sensitivity 
and concentrating capability of the disc acrylamide electrophoretic procedure. 

Fractionation of pooled plasmas from a number of individuals of known 
phenotype: groups A, B, and 0 by procedures outlined in this communication gave 
rise to two isozymes in each case, thus confirming the observations with the disc 
electrophoresis. However, the ratio of specific activities of the major and minor 
isozymes isolated from B and 0 plasmas were of the same order of magnitude, 3, 
and much less than that  isolated from A plasma where it was approximately I6 
(Table II). 

Disc electrophoretic analysis of the major and minor isozymes isolated from 
plasmas of group A, B and 0 indicated that  in all probability the major component 
is the same in all three phenotypes. However, the minor component from A is slightly 
slower migrating than that  isolated from B and O, which have the same mobility. 

These observations differentiate the minor isozyme from A as compared to 
that  from B and 0 plasmas. This distinction is further substantiated by the effect of 
various substances on the reactivity of the major and minor isozymes. The minor 
component of A behaves more like the major of A. In contrast, greater differences in 
reactivity are observed between the major and minor components of B and O. The 
most interesting of these compounds is L-phenylalanine which has no effect on the 
major and minor isozymes of group A blood. In contrast it specifically inhibits the 
minor isozyme in B and O. 

I t  would appear that,  in confirmation of previous workers, there is a difference 
in the isozymes from group A plasma as compared to that  of B and O. This difference, 
however, is not due to blood group-like oligosaccharides present in the alkaline 
phosphatase isozyme molecules, nor is it due to a complex formation between the 
isozymes and glycoproteins with blood group activity. 
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