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Metal Requirements of Alkaline Phosphatases of Human and 
Rabbit Leukocytes. (23110) 
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(Introduced by G. L. Hobby) 

Medical Service and Medical Research Laboratory, Veterans Administration Hospital, 
East Orange, N .  3 .  

Histochemical and biochemical studies have 
clearly shown that leukocytes of both man 
and rabbit are rich in alkaline phosphomono- 
esterase. Haight and Rossiter( 1) showed 
that the rabbit leukocyte was richer in alka- 
line phosphatase than the human leukocyte 
and that magnesium was apparently neces- 
sary for complete activation of the enzyme. 
Valentine and Beck( 2 )  applying the technics 
of Haight and Rossiter studied alkaline phos- 
phatase activity of the human leukocyte in 
health and disease. They were able to dem- 
onstrate large increases in enzyme content 
of the leukocyte in infection, polycythemia 
vera. and in leukemoid states, while sharp 
decreases were seen in leukemias. I n  prelim- 
inary incubation studies undertaken as part 
of an investigation into the mechanism of 
this disease-induced enzymatic change of the 
leukocyte, striking inhibition of alkaline phos- 
phatase activity became manifest when di- 
Na ethylenediamine tetraacetate (EDTA) 
was used. The effects of this chelating agent 
on leukocyte alkaline phosphatase and results 
obtained on metal requirements of the enzyme 
in man and rabbit will be presented. The 
data indicate the presence of a t  least 2 alka- 
line phosphatases in the leukocyte. 

Materials and methods. Leukocytes. Fresh 
human blood was obtained by venipuncture 
using siliconized syringes. 10 ml of whole 
blood was added to 1 ml of several anticoagu- 
lants. To each 10 ml of blood 5 ml of 2.4% 
(w/v) bovine fibrinogen in 5% (w/v) poly- 
vinylpyrrolidone (PVP) was added and blood 
mixed by inversion. The leukocyte-rich su- 
pernatant was removed periodically as rap- 
idly as sedimentation of red cells allowed. 
The leukocytes were transferred to siliconized 
tubes and were then centrifuged at  500 x G 
for 5 minutes and the clear supernatant dis- 
carded. Cells were washed 3 x with 0.9% 
saline and resuspended in a measured quan- 

tity of the same medium for WBC? RBC, 
and total polymorphonuclear cell counts. 
This procedure resulted in average leukocyte 
recovery of about 75% with a red cell con- 
tamination of 2 :  1. Fresh rabbit blood was 
obtained by cardiac puncture using silicon- 
ized syringes and treated in the same manner. 
Sedimentation was generally slower than for 
human blood and leukocyte yield lower. 
,4nticoaguZants. EDT-4 (1.5% in 0.7% sa- 
line), heparin (1 mg), or sodium citrate 
(3.8%) as applicable. Incubation studies. 
The packed cells were resuspended in either 
1 ml of 0.9% saline or 1 ml of 0.3% EDTA 
in 0.9% saline and incubated for varying in- 
tervals a t  37°C. After incubation, all cells 
were washed 3 x with 0.9% saline prior to as- 
say for phosphatase activity. Phosphatase 
determination. Assays for alkaline phospha- 
tase activity were carried out as described by 
Valentine ( 2  ) ; the only modifications being 
in amount and type of heavy metal employed. 
The general plan of study was to investigate 
(1) the effects of EDTA on alkaline phospha- 
tase activity of both human and rabbit leuko- 
cytes, and ( 2 )  to determine the metal re- 
quirements of the EDTA-inhibited enzyme. 

EDects of incubation of isolated 
leukocytes with EDT.4. Leukocytes of pooled 
human and of pooled rabbit blood containing 
EDTA as anticoagulant, were isolated and in- 
cubated with EDTA. The cells were then 
assayed a t  varying intervals for alkaline phos- 
phatase activity with no metal added. Fig. 
1 shows the difference in behavior between 
rabbit and human leukocytes. The initial 
activity of pooled normal rabbit leukocytes 
was higher than that of pooled normal human 
leukocytes. Further, the alkaline phospha- 
tase activity of the rabbit leukocyte was not 
appreciably inhibited during a 2 hr incuba- 
tion period, whereas the human cell showed a 
rapid decrease so that in 30 min. approxi- 

Results. 
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mately 807; of initial activitJ- had been lost. 
After 60 min. no further inhibition was seen. 

To determine whether the demonstrated in- 
hibition of alkaline phosphatase of the human 
cell was due solely to the effects of EDT.4. 
human leukocytes were isolated from hepar- 
inized blood. ,4liyuots u-ere incubated i n  
EDT.4 and in 0.9% saline and the phospha- 

tase activity compared at intervals. Fig 2 
again demonstrates striking inhibitory action 
of EDTA. However, the control cells incu- 
bated in saline also showed a progressive, 
though considerably smaller, decrease in en- 
zyme activity. There was no significant de- 
crease in cell count throughout the period of 
study. In view of the chelating properties of 
F:I)TA. an attempt was made to reactivate 
alkaline phosphatase activity by addition of 
known metal activators. The addition of mag- 
nesium in final concentration of 2.5 s 10-3M 
in  the phosphatase assay had no effect on 
le\rel oi activity. Cpon addition of zinc in 
final concentration of 2.5 x 10 however, 
phosphatase activity was restored to original 
levels in both cases. 

Eflccts of naagnesiirm und zinc on lcukoc?lte 
cilk(ilinr phosphntase activity. The results of 
a study on effect of varying concentrations of 
zinc and magnesium on EDTA exposed hu- 
man and rabbit leukocytes are shown in 
Table I .  The rabbit cell showed a high al- 
kaline phosphatase activity despite l hr incu- 
hation in KDTA. Addition of niaynesium in 
various concentrations up to 5 x 10 3 1  pro- 
t l  wed some decrease in alkaline phosphatase 
activity. Similarly, final concentrations of 
zinc a t  2.5 x 10 '31 produced a sharp drop in 
;icti\yity. These inhibitory effects have been 
attributed ( 3  ) to metal substrate complexes 
formed at high metal concentrations. The  
EDTA-inhibited human leukocyte, on the 
other hand, showed a slight rise with increas- 
inc concentration of magnesium. However, 
addition of 5 x 10 *;ll zinc caused approsi- 
mately a 50-fold increase in alkaline phos- 
I)hatase activity. Here too a drop in activ- 

0 2.4 70.4 
2.8 64.0 2.5 x lo-' 2.x I;!).? .; x 1 I)-': 

5 x " 2.0 64.0 1.2.; x 70-j 71.2 69.2 
cw.0 ".? x " 100.0 77.2 

5 x " 121.0 82.2 
3.5 x 1 0 - 3  3.1; 
.j x " 4,s 1 )  i .2 
2.5 x 10-2 4.0 47.0 3.5 x 10-4 39.0 15.6 
5 x " 4.0 53.2 

0 2.1 70.4 

-- 

* Pooled polycythemic + normal. + Pooled normil. 
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TAELI;: 11. Effect of Magiiesium a i d  Zinc on the 
Alkaline Phospliatnse Activity of Kormal Huinan 

Lcukocytcx 

Aiiti- S o .  of Filial Men11 ac tiv- 
coagu- pa- inolarity it,y, mg P / l O I O  

Iaii t  tierits niet:tl cells/hr Range 

EI)TA 39 xolle 3.8 2 2.1 0.8- 7.8 
” 4G 2.5 >< I t 3 X g  8.6 2 5.4 0 -26.4 

25 5.0 x 10-5Zii  1G. i  k 1 1 . 0  2.4-4i.S 
2.5 2.5 x 10-4 Zll 1.5 * 1.6 0 - 6.0 

C‘itrntc 2 3  NOlW 25.5 e15.1 8.0-61.2 
9 9  18 2.5 x 10-3 ~ 1 g  :M 2 1 6 . 6  4.8-56.4 

9 

22 5.0  X 10-j Z11 23.2 e 1 1 . 2  i.6-41.4 

ity a t  high zinc concentration was seen. Loss 
in phosphatase activity of human leukocytes 
upon incubation with saline seen in Fig. 2 
may possibly be attributed to leakage of zinc 
from the cell during incubation period, and in 
the wash periods after incubation. 

The addition of EDTA to whole blood pro- 
duced a progressive decline in alkaline phos- 
phatase activity of leukocytes. After 90 min. 
a t  25°C .  there was a 65% decrease in activity 
of cells subsequently isolated. This activity 
could be restored by the addition of zinc in 
final concentration of 5 x lO%T. 

Sorrnnl vulues. Normal values for leu- 
kocyte alkaline phosphatase have been deter- 
mined in man using cells isolated from 
citrated blood and compared with those ob- 
tained with and without the subsequent addi- 
tion of metals. Table I1 shows that in man 
the highest alkaline phosphatase activity can 
be obtained by using cells isolated from 
citrated blood and that addition of either 
magnesium or zinc to this system contributed 
little. On the other hand, cells isolated from 
EDTA treated blood required zinc for activa- 
tion: magnesium produced little response. 
The maximum activation of EDTA treated 
cells with zinc or magnesium does not reach 
the level obtained with cells isolated from 
citrated blood and this may be due to the fact 
that we are working a t  sub-optimal zinc con- 
centrations, or possibly sub-optimal levels of 
other activators; c .g .  the alpha-amino acids. 

Discussion. The phosphatases require an 
alpha-amino acid as well as a bivalent metal- 
lic ion for their activation (4).  There have, 
however, been many contradictory reports 
concerning the role of metal ions in activa- 

tion of alkaline phosphatases. In  addition, 
the question as to number and identity of dif- 
ferent phosphatases has still not been re- 
solved. Cloeten (5-7)  presented evidence 
that alkaline phosphatases are metal com- 
plexes and concluded from dialysis and in- 
hibition studies that both magnesium and zinc 
were involved in these complexes. He argued 
that the alkaline phosphatases of different or- 
gans were not identical, probably being a mix- 
ture of 2 enzymes. Further: activity of the 
enzyme extracted from any given tissue was 
determined by concentrations of these 2 alka- 
line phosphatases which varied from organ to 
organ. More recently, Gryder, Friedenwald, 
and Carlson(3) working with rat kidney re- 
ported on the presence of 2 alkaline phospha- 
tases which they called phosphatases A and 
B. Phosphatase A required both glycine and 
zinc for activation while phosphatase B re- 
quired magnesium only and was inhibited by 
calcium and zinc. The data here presented 
suggest that there are also 2 alkaline phospha- 
tases in the human leukocyte, one requiring 
magnesium and the other zinc for activation. 
In this regard, the rise in leukocyte alkaline 
phosphatase obtained by Wiltshaw and 
Moloney (8) following incubation of human 
leukocytes (from EDTA blood) with serum 
can probably be attributed to the zinc con- 
tent of the serum ( 5  x 104M(9)),  rather 
than to some “factor in the leukocyte.” Our 
own studies confirm the activating properties 
of serum on the EDTA inhibited leukocyte 
alltaline phosphatase. 

Of interest is the fact that Vallee(9) has 
found a high zinc concentration in the human 
leukocyte and there seems to be a gross paral- 
lel between alkaline phosphatase activity and 
zinc content of the cell in disease states. The 
relationship, if any, existing between these 2 
cellular constituents is not known. Prelim- 
inary results of studies now being carried out 
suggest that elevation of alkaline phosphatase 
activity seen in the leukemoid states and in 
infection in man is due primarily to elevation 
of the zinc activated phosphatase rather than 
the magnesium activated enzyme. 

In the rabbit, the situation is grossly differ- 
ent inasmuch as EDTA shows no appreci- 
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able effect on leukocyte alkaline phosphatase 
activity and zinc or magnesium have no ac- 
tivating effect. Obviously. there is a species 
difference either in the leukocj-te or in the 
kind of phosphatase present. By histochemi- 
cal studies we have been able to show a 
marked increase in the leukocyte alkaline 
phosphatase of the rabbit following injection 
of vaccines, pyrogens, etc.. but the enzyme 
type has not as yet been characterized. 

Freiman( 10) has carried out rather corn- 
prehensive histochemical studies of inhibition 
of alkaline phosphatase activity of various 
tissues by EDTA and concluded that a num- 
ber of alkaline phosphatases exist. Our find- 
ings indicate that even a brief incubation of 
human leukocytes with EDTA results in a 
decrease in alkaline phosphatase activity. 
EDTA currently enjoys much popularity as 
an anticoagulant for blood and is widely used 
in tissue decalcification. Obviously the che- 
lating properties of EDTA for ions other than 
calcium must be kept in mind in any investi- 
gation of alkaline phosphatase activity in 

blood or tissues. 
Summary. EDT.4 inhibits alkaline phos- 

phatase activity of the human leukocyte. The 
rabbit leukocyte is, however, not so affected. 
There seem to be 2 alkaline phosphatases in 
the human leukocytes: one requiring mag- 
nesium and the other zinc for its activation. 
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IYith either a-ketoglutarate or succinate as 
substrate. several laboratories ( 1-3) have re- 
ported a decrease in oxidative phosphoryla- 
tion by mitochondria and homogenates pre- 
pared froni spleens of rats and mice exposed 
to lethal doses of S-irradiation. Oxygen con- 
sumption was also found to be diminished in 
the presence of either U-ketoglutarate (2 ,3 )  or 
malate (4). Since phosphorylation is coupled 
to DPNH oxidation in the sequence DPKH -+ 

cytochrome c, it was considered of interest to 
determine whether interference with DPNH 

* Supported by contract with Division of Biology 
and Medicine, IT. S .  -4tomic Energy Commission. 

The following abbreviation is employed: DPNH 
= reduced diphosphopyridine nucleotide. 

cytochrome c reductase activity in the spleens 
of X-rayed animals was involved in the low- 
ered osidation rates or linked in some way to 
the diminished P:O ratios. Another area on 
which some light might be shed by the study 
of UPNH cytochrome c reductase activity in 
irradiated animals is in the relation of cell 
structure to function. The presence of a 
high concentration of this enzyme in liver( 5) 
and spleent microsomes is somewhat of an 
oddity, since most of the known linked 
respiratory systems are associated with the 
mitochondria. Loss of microsomal DPXH 
cytochrome c reductase to the exclusion of the 
mi tochondrial enzyme would appear to cast 

t Eichel, H. J., J .  Biophys.  and Biochenz. Cytology,  
10.57, v3, no. 3, in press. 


