Production of the Urease Half-Unit at Alkaline pH! (36490)
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The traditional form of urease normally
isolated from jack bean meal, a-urease (mol
wt 480,000) (1), is cleaved to catalytically
active half-units, Aj-urease (mol wt 240,000),
by treatment with glycol (2, 3), titration to
pH 3.5-4.5 (4, 5), and at very high ionic
strengths (6). The latter two observations
suggest that the dissociation is accomplished
by charge separation; if so, one might expect
the same phenomenon to be produced by
alkalinization, but this has not been reported.
We have demonstrated the production of
small amounts of Aj-urease from a-urease by
titration to pH 3.5-4.5, but did not observe
the appearance of Aj-urease after alkaline
titration to pH values as high as 11.3, where
the enzyme is inactivated (5). However that
study was performed using a catalytic stain
for urease activity rather than a protein stain.
It occurred to us that charge separation
might result in an inactive A;-urease at alka-
line pH for reasons trivial to the overall
structure; that is, specific chemical or con-
formational changes might inactivate the sub-
strate site without influencing the overall
aggregate state. That this is in fact the case
is shown below.

Experimental procedure. Pure a-urease
(130-150 Sumner units/mg) was prepared
from jack bean meal as previously described
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(5, 7). Aliquots of a solution containing 0.5
mg urease/ml, 5 mM Tris-HCI-0.1 mM
EDTA (pH 7.4) were titrated with ul addi-
tions of ¥ NaOH using a Beckman research
pH meter equipped with a sodium ion insensi-
tive combination microelectrode. After 1 hr
standing, the samples were applied, equilibrat-
ed, and electrophoresed in 6% acrylamide
gels in 0.05 M Tris-acetate-1 mM EDTA,
pH 8.5 (3, 7). One gel was used for Coomassie
blue staining and densitometry (8), the other
for catalytic staining for urease activity (9).

Results. Figure 1 displays the pertinent in-
formation, provided by the Coomassie blue
stairied gel. Slot 1 shows the location of the
active a-urease, while slot 2 shows the location
of the well-categorized A;j-urease produced
by treatment with 90% glycol for 1 hr (7,
10). The remaining slots contain samples
titrated to the pH noted, and stored for 1 hr
at 25°. All samples equilibrated to pH 8.5
before electrophoresis, as is evident from the
constant position of a-urease. The latter also
shows that inactivation, which occurs at
pH 11.3 (5), is not synchronous with denatur-
ation, and does not alter a-urease mobility.
Slots 6 and 7 show gradually increasing
amounts of Aj-urease formed as the pH is
elevated to 11.6-11.9. Densitometric evalua-
tion of slot 7 indicated 8% weight conversion
to Aj-urease, quite similar to the amount
produced by acid titration (5). At 0.5 pH
unit higher (slot 8) the enzyme has been
fully denatured, and appears as a poly-
disperse stain. The catalytic stain showed no
active forms at pH > 11.2, and progressive
decrease in the amount of active a-urease
from pH 10-11.2, as in previous studies (5).

Discussion. Except for the absence of
activity, the effects of acid and alkaline titra-
tion now appear in good agreement. In each
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F1c. 1. Acrylamide gel electrophoresis of urease
after alkaline titration. The first two slots show the
location of standard preparations of a-urease and
A,-urease (see text). The remainder show samples
of a-urease titrated to the pH noted above each slot
for 1 hr prior to electrophoresis. The appearance of
Ai-urease at pH 11.9 occurs just below the level
(pH 12.4) producing full denaturation with loss of
all homogeneity. Conditions: 6% gel with 5% cross
linker, 6 hr run at 300 V in 0.05 M Tris-acetate—
1 mM EDTA, pH 85.

case a small fraction of the a-urease that is
dissociated to the A, form, survives return of
the pH to neutral. In each case the effect is
produced at a pH 3.5-4.5 units away from
neutral, and within 0.5-1 pH unit of the
point where full denaturation occurs, as in-
dicated by inactivation and electrophoretic
polydispersity. The small amount of A;-
urease present may reflect reassociation dur-
ing equilibration of the pH to 8.5. At pH 12
the dissociation may be complete, as is the
case upon acid titration (4).

The results are most simply explained by
charge separation consequent to charge con-
version. Upon acid titration, anionic groups
are protonated until primarily cationic charges
remain, resulting in ionic repulsion generating
the half-units. The reverse situation occurs at
alkaline pH, but the net effect is the same,
the charge repulsion now being due to the
excess of anionic charges. In each case, slight
further charge conversion is sufficient to
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produce enough charge repulsion to fully de-
nature the enzyme. The dissocation of a-
urease to A;-urease at high ionic strengths in
4 M citrate (pH 6) (6) is similarly explicable
as a case of charge separation, in this case
due to charge competition. At very high ionic
strengths the opposite charges of the A; units
lose their preferential attraction for one an-
other in the face of a vast excess of small
ions. In effect, the A;-urease units are salted
apart. This interpretation implies that the
predominant bonding forces between A;-
urease units are electrostatic rather than hy-
drophobic as has been suggested by others
(10). However, alternate interpretations of
the action of citrate, which may involve spe-
cific ligand effects (3) or nonpolar interac-
tions, prevent any certain conclusion.

Summary. a-Urease (mol wt 480,000)
inactivated by titration to pH 11.3 has the
same electrophoretic mobility as active a-
urease. Titration to pH 11.6-11.9 results in
partial dissociation to Aj-urease (mol wt 240,
000) as judged by electrophoretic mobility
equivalent to that of active A,-urease pro-
duced by glycol. At slightly higher pH (12.4),
full denaturation of the enzyme occurs.
The results are similar, quantitatively, to
those produced by acid titration, and qualita-
tively to the dissociation produced by high
ionic strengths near neutral pH. Charge sep-
aration is thus indicated as the mechanism.
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