GPC DIESTERASE INHIBITION

13. Hayslett, J. P., Kashgarian, M., and Epstein,
F. H., J. Clin. Invest. 46, 1254 (1967).

14. Howards, S. S., Davis, B. B., Knox, F. G,
Wright, F. S., and Berliner, R. W., J. Clin. Invest.
47, 1561 (1968).

15. Goodyer, A. V. N. and Jaeger, C. A., Am, J.
Physiol. 180, 69 (1955).

16. Farrell, G. L. Rosnagle, R. S, and
Rauschkalb, E. W., Circulation Res. 4, 606 (1956).

17. Darby, T. D. and Watts, D. T., Am. J.
Physiol. 206, 1281 (1964).

18. Bahlmann, J., McDonald, S. J., Dunningham,
J. G., and De Wardener, H. E., Clin. Sci. 32, 395
(1967).

19. Bahlmann, J., McDonald, S. J., Ventom, M,
G., and De Wardener, H. E., Clin. Sci. 32, 403
(1967).

20. Knox, F. G., Howards, S. S., Wright, F. S,
Davis, B. B., and Berliner, R. W,, Am. J. Physiol.
215, 1041 (1968).

271

21. Coelho, J. B. and Bradley, S. E, J. Clin.
Invest. 43, 386 (1964).

22. Caulfield, J. B. and Trump, B. F, Am. ]J.
Pathol. 40, 199 (1962).

23. Curran, P. F. and MacIntosh, J. R., Nature
193, 347 (1962).

24. Kaye, G. 1., Wheeler, H. O., Whitlock, R. T.,
and Lane, N., J. Cell Biol. 30, 237 (1966).

25. Schmidt-Nielsen, B. and Davis, L. E., Science
159, 1105 (1968).

26. Lewy, J. E. and Windhager, E. E,, Am. J.
Physiol. 214, 943 (1968).

27. Martino, J. A. and Earley, L. E., Circulation
Res. 23, 371 (1968).

28. Koch, K. M., Aynedjian, H. S., and Bank, N,
J. Clin. Invest. 47, 1696 (1968).

29. Carriere, S., Thorburn, G. D., O'Morchoe, C.
C. C, and Barger, A. C., Circulation Res. 19, 167
(1966).

Received Jan. 15, 1969. P.S.E.B.M., 1969, Vol. 131.

Glycerylphosphorylcholine Diesterase: Inhibition by Nucleotides* (33856)

J. J. Bapwin! anp W, E. CORNATZER
Guy and Bertha Irveland Research Laboratory, Department of Biochemisiry,
University of North Dakota, School of Medicine,
Grand Forks, North Dakota 58201

Glycerylphosphorylcholine (GPC) dies-
terase  (glycerolphosphorylcholine glycero-
phosphohydrolase, EC 3.1.4.2), which cat-
alyzes the following reaction: GPC
H;0 — r-a-glycerophosphate - choline is
found at the end of the phosphatidylcholine
degradative scheme. GPC, unlike lysolecithin
is not capable of being acylated to form
lecithin (1). Consistent with this data is our
inability to demonstrate the synthesis of
GPC from L-a-glycerolphosphate and choline.
It therefore appears in view of available
evidence that the sole purpose of GPC dies-
terase is to hydrolyze GPC.

* This work was supported in part by a grant
from the U.S. Atomic Energy Commission No
AT(11-1)-1513 and is part of a thesis submitted by
J. J. B. in partial fulfillment of the requirements for
the degree of Doctor of Philosophy.

1 Investigator supported by a Public Health Fel-
lowship Predoctoral Fellow No. 1-FL-6M-32,651-02
from the National Institutes of Health.

The rate at which this enzyme operates
with respect to the other degradative enzy-
mes in the metabolism of lecithin in mam-
mals could conceivably exert an influence on
the rate of metabolism of lecithin due to its
unique position in the degradative scheme.

Studies designed to test the effects of vari-
ous biosynthetic and degradative intermedi-
ates in lecithin metabolism on GPC dies-
terase in our laboratory (2) showed ATP to
be a strong inhibitor of the enzyme. The
present communication reports the results ob-
tained from studies on the nucleotide inhibi-
tion of GPC diesterase from rat kidney.

Materials and Methods. The ATP was pur-
chased from Sigma. The GTP, UTP, and
ITP were products of P. L. Biochemicals and
all other nucleotides were obtained from
Calbiochem. PP; was the product of the
Fisher Chemical Company. Sources of sub-
strates and other reagents were those used in
a previous publication (2).
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The pH of all solutions used was adjusted
so that the final pH of the reaction mixtures
was 9.2. The enzyme was prepared as previ-
ously described (2) and this type of prepara-
tion was used in all studies.

Two types of assays were routinely used
for these studies and are based on the estima-
tion of L-a-glycerolphosphate. Briefly, Assay
I utilized a two-stage incubation with L-a-gly-
cerolphosphate dehydrogenase being used to
quantitate the total amount of glycerolphos-
phate released from the hydrolysis of GPC.
This assay was employed during the investi-
gation of the effects of pH and MgCls.

Assay II consisted of a single-stage incu-
bation, including L-a-glycerolphosphate dehy-
drogenase as a coupling enzyme. NADH pro-
duction was monitored continuously with a
Beckman DX-2 recording spectrophotometer.
This assay was used exclusively in the
studies designed to test the affinity of nucleo-
tides and PP; on the diesterase. The concen-
trations of inhibitors used in experiments
evaluated with Assay II were without effect
on the coupling enzyme.

A more thorough description of the assays
has been previously reported (2). Both types
of assays were carried out at 30°,

Results. Figure 1A and B depict the type
of inhibition produced by UTP and ATP.
Lineweaver-Burk (3) plots similar to those
observed for ATP and UTP inhibition were
obtained for all other nucleotides tested and
a compilation of the K; values from these
studies is presented in Table I. Of interest is
the apparent selectivity of the inhibition; the
purine triphosphates producing K, values of
approximately 1.5 mM, whereas K; values
obtained with the pyrimidine triphosphates
were near 10 mM.

Since nucleotides were observed to inhibit
the diesterase, PP; and P; were tested as
possible inhibitors. PP; was found to be a
very potent inhibitor of GPC diesterase
(K;PP; = 0.74 mM) whereas P; was found to
be a very weak inhibitor of the enzyme as 15
mM P; produced only 15% inhibition. Inhi-
bition by PP; was observed to be competitive
with respect to GPC. Deviations from classi-
cal Michaelis-Menton Kkinetics were noted
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with PP; and these results are shown in Fig.
2. The reason for this apparent deviation is
currently not clear.

Studies designed to test the effect of pH on
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F1c. 1. Kinetics of pyrimidine and purine nucleo-
tide inhibition of GPC diesterase: (A) pyrimidine
(UTP) inhibition; reaction mixtures contained in a
final volume of 3.45 ml, 0.15 mg of L-a-glyPO; de-
hydrogenase (sp act = 120 EU/mg), 900 umoles of
hydrazine-glycine buffer, pH 9.2, 2.5 umoles of NAD,
the indicated varied amounts of GPC, GPC
diesterase (0.10 mg of protein) in the absence (®)
and presence (A) of 9.98 mM UTP. (B) purine
(ATP) inhibition; reaction mixtures and con-
ditions were the same as in (A), except that enzymic
activity was determined in the absence (®) and
presence of 145 mM ATP (M), and 5.53 mM
ATP (A). NADH production was monitored con-
tinuously with assay II in a Beckman DK-2 rec-
ording spectrophotometer. Kinetic parameters calcu-
Jated from these data are (A) Kere = 2.0 mM, K,
UTP = 12.8 mM ; (B) Kere = 2.1 mM, K ATP =
1.6 mM.
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TABLE I. Compilation of K, Values for Various
Nucleotides.®

Nucleotide concentration K,
Nucleotide (mM) (mM)
Purines
ATP 1.45,5.53 1.6
ADP 22.8 31
AMP 22.6 119
GTP 1.94, 4.87 1.8
GDP 9.28 29
GMP 16.4 137
ITP 1.87, 4.69 1.3
jN5) &) 16.7 16
IMP 12.0 118
Pyrimidines
CTP 9.98 9.3
CDhP 11.3 8.0
CMP 13.8 73
uTP 9.98 12
UbP 10.3 14
UMP 8.4 71

¢ Reaction mixtures and conditions were those as
deseribed in the legend for Fig. 1.

nucleotide inhibition are presented in Fig. 3.
The greatest amount of inhibition was ob-
served at pH 8.5, which is slightly below the
pH optima of the enzyme (pH 9.2). As the
pH approaches neutrality a progressive de-
crease in inhibition is seen and the same
effect is also observed as the pH becomes
more alkaline.

Since ATP is a chelator of Mg?* ions, the
effect of MgCl, on ATP inhibition was inves-
tigated, the results of which are shown in
Fig. 4. As shown in Fig. 4, MgCl. alleviates
the inhibition produced by ATP. ZnCl,
was not effective in reversing the inhibition
produced by ATP.

Since 5-AMP is known to be effective in
alleviating nucleotide inhibition of another
enzyme, that being phosphofructokinase (4),
similar studies were conducted on GPC di-
esterase. Neither 5’AMP or cyclic AMP were
effective in this manner on the diesterase.

Discussion. The normal level of ATP in rat
kidney has been reported to be 0.9 mmoles/
kg of kidney (5). Assuming the content
of intracellular water in rat kidney to be
70% as determined by Mannery and Hastings
(6), the normal level of ATP in the kidney
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Fic. 2. Kinetics of PP, inhibition: reaction mix-
tures contained in a final volume of 2.83 ml: 0.15
mg of L-a-glyPO: dehydrogenase, 720 umoles of
hydrazine-glycine buffer, pH 9.2; 2.5 umoles of NAD,
the indicated varied amounts of GPC and GPC dies-
terase (amount of protein not determined). Enzymic
activity was measured with assay II in the
absence (®) and presence of 0.90 mM (A), and
1.79 mM PP; (H). Assays were conducted in a
Gilford recording spectrophotometer. Kinetic pa-
rameters evaluated from these data are Kspe = 4.1

mM, K, PP; = 0.74 mM.

-0.2

cells would be 1-2 mM. The data presented
in Table I show that the K; value for ATP is
certainly within a range to be a physiological-
ly significant inhibitor of the diesterase. The
selectivity of the inhibition appears to be
limited to the purine-type triphosphates and
PP; (see Figs. 1 and 2). The fact that PP; is
the more natural inhibitor (e.g., the smallest
K; observed for the compounds tested) sug-
gests that due to steric considerations the
nucleotides are not able to bind as effectively
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Fic. 3. Effect of pH on ATP inhibition: data are
expressed as the ratio of the enzymic activity in the
presence and absence of ATP at the indicated pH
values. Reaction mixtures contained 100 wmoles of
buffer—sodium phosphate pH 7.0-8.0(A); sodium
hydroxide—glycine buffer pH 8.5-10.1(®); 3.03 mM
GPC, diesterase (0.06 mg of protein) and (when
included) 2.32 mM ATP in a final volume of 1.65
ml. Assay I was used to measure enzymic activity;

incubation was for 10 min at 30°.

as PP;. It appears that the purine triphos-
phates molecular architecture is such that it
will “fit” into the inhibitory site whereas the
pyrimidine triphosphates’ structure does not
permit it to be as efficient in this manner.

As shown in Fig. 4, MgCl, alleviates the
inhibition produced by ATP. At the highest
concentration of MgCl, (2.4 mM) used, it
was calculated that the ATP (2.0 mM) at
pH 9.2 existed 100% as the Mg-ATP com-
plex. This calculation was made assuming a
stability constant of 4.04 (see Ref. 7). It
therefore appears that the Mg-ATP complex
will not bind to the enzyme in an inhibitory
manner. The fact that both MgCl, ions and
pH do affect the inhibition produced by ATP
suggest that the inhibition is responsive to
physiological changes within the cell.

Phospholipids are known to be components
of various biological membranes and essen-
tial components of many enzymes (8-14). An
uncontrolled breakdown of cellular lecithin
would be of no great advantage to the overall
metabolism of the cell. Therefore the regula-
tion of this process is important. Since ATP
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is involved in the synthesis of precursors of
lecithin (e.g., phosphorylcholine, L-a-glycerol-
phosphate and diglycerides), it is conceivable
that it may participate in regulating the
breakdown of lecithin. It is possible that the
inhibition of GPC diesterase by ATP may
play a role in the overall control of lecithin
metabolism. PP;, a product of a synthetic
reaction leading to the synthesis of lecithin,
may also be involved in the regulation of this
process, as it, too, is a potent inhibitor of
GPC diesterase.

Summary. Glycerylphosphorylcholine dies-
terase  (glycerolphosphorylcholine glycero-
phosphohydrolase, EC 3.1.4.2) from rat kid-
ney was inhibited selectively by purine
triphosphate nucleotides and inorganic pyro-
phosphate. Classical competitive inhibition
for all compounds tested was observed. Of
the purine nucleotides ATP, GTP, and ITP
showed the greatest amount of inhibition,
producing K; values of approximately 1.5
mM. The purine diphosphates showed a
lesser degree of inhibition, producing K; val-
ues of approximately 20 mM and the corre-
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Fic. 4. Alleviation of ATP inhibition by MgCl,:
reaction mixtures contained 100 wmoles of sodium
hydroxide-glycine buffer, pH 9.2; 4.0 mM GPC,
GPC diesterase (0.06 mg of protein), the indicated
varied amounts of MgCl: in the absence (A) and
presence of 1.90 mM ATP (®). The final volume of
the reaction mixture was 1.75 ml; enzymic ac-
tivity was measured with assay I and incubation
was for 10 min at 30°.
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sponding purine monophosphates gave very
little inhibition, producing K; values of ap-
proximately 125 mM. In the case of the
pyrimidine nucleotides, both the cytidine and
uridine triphosphates were not as effective as
the purine triphosphates. The K; values ob-
tained with the pyrimidine triphosphates
were approximately seven times greater than
for the purine triphosphates. Inhibition by
ATP was found to be pH dependent in the
range studied, (pH 7.0-10.2) with the
greatest amount of inhibition observed at pH
8.6. Michaelis-Menton kinetics were ob-
served with all of the nucleotides studied.
.However, when considering inorganic pyro-
phosphate, sigmodial type kinetics were ob-
served. Inorganic phosphate was without
effect on the diesterase; 5-AMP and cyclic
AMP did not reverse ATP inhibition; MgCl,
alleviated the inhibition produced by ATP.
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An Evaluation of the Effects of Polyvinylpyrrolidone on Blood Typing
with Anti-Rh Serum: Importance of Albumin Concentration (33857)
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Polyvinylpyrrolidone (PVP) as an agent
for increasing the sensitivity of agglutination
tests evoked considerable interest more than
a decade ago (1-5), though current reports
have been limited largely to those dealing
with automated agglutination techniques
(e.g., 6, 7). In view of recent interest in the
use of PVP in manual blood typing, particu-
larly as an additive to anti-Rh sera, we un-
dertook an evaluation of the effects of this
polymer in such typing systems.

Experimental Methods. Preliminary testing
was done to determine whether, as suggested
by various early reviewers (8-10), the dan-
ger of nonspecific results would be increased

if, in an effort to increase the sensitivity of a
test system, one simply added PVP to a com-
mercial typing system. The PVP used was of
two types, designated K-30 and K-90, which
according to the manufacturer? had average
molecular weights of 40,000 and 360,000, re-
spectively. Two blood typing procedures were
carried out under various conditions with
red cells from 56 different donors and com-
mercial Rh antisera of 4 different specificit-
ies, viz., anti-Rh, (anti-D), anti-rh’ (anti-
C), anti-rh” (anti-E), and anti-hr” (anti-
e). Both were tube agglutination methods,
one of which utilized a measured suspension
of cells and the other of which used only an

1Present address: Blood Bank, National Naval
Medical Center, Bethesda, Maryland.

2 General Aniline and Film Corp., New York, New
York.





