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lantoin and allantoate uptake were
reported previously (Choi ef of.,
1968 ; Roush ef ol., 1959). Hnzyme
extracts were obtained from C. ufilis
by shaking 10 g of induced yeast
guspended in 30 ml of 0.1 M Tris
acetate (pH 7.0) with glass beads
{Lee and Roush, 1964) for 3.5 honrs.
Ureidoglyeolatase activitics were
measured either hy the speetro-
photometric method of Choi ¢t dl.,
(1966}, which depends upon the
formation of glyoxylate phenylhy-
drazone, or by the microdiffusion
assay of these authors, which de-
pends upon the determination of
urea with the aid of urease. Specifie
activities are given in units of
pmoles/min/mg of protein,

RusvrTs

Induetion and preparation
of wreidoglycolatase

The results in Table I show that
the specifie activity of ureidogly-
colatase in the veast extracts was in-
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ereased about 1.6-fold with allantoin
and allantoate as inducers and about
5.4 fold with urie aeid as the in-
ducer, consequently, uric acid was
nsed to induce ureidoglycolatage for
the purpose of purifieation and char-
acterization.

All steps of the purification proe-
ess woere carried out at 4°C and
ammoninm sulfate solutions were
equilibrated for 30 minutes before
centrifugation to remove preeipi-
tates. The crude enzyme extracts
were coneentrated by fractionation
between 0.5 and 0.65 saturation with
ammonium sulfate, the precipitate
was dissolved in 0.1 M Tris acetate
{pH 7.0) and the resulting solution
was dialyzed against several changes
of a large volume of 5 mM Tris
aeetate (pI 7.0) until the diffusate
gave a megative Nessler’s test for
ammonium ion, This [ractionation
usually resulted in a several-fold in-

crease in speeific activity with a re-

covery of about 50% of the enzyme
units,

Tawtg I. Induction of Ureidoglycolatage in Condide witilis. Each inducer wasg
used in a concentration of 0.1 mg/ml. Ureldoglyeolatase activities were measured
at pH 7.0 by the spectrophotometric method,

Induction Protein in Specifie
Inducer Time the Extract Activity
(100 umoles/
(hours) (mg/ml) | minfmg of protein)
None ..o e 0 . 6.6 0.35
Uricacid,..... ... o0 0 3 7.4 1.2
Uricacid,.....oooo o 7 8.0 1.7
Uricacid....... ... .o e 10 8.0 1.9
Allantoin. , . ... e 1 2.9 0.23
Allantoin. . ..., ... T, 3 5.6 0.57
Allantoin. . . ... .. 5 6.6 . 0.48
Allanteate. ... ... o o 1 5.9 C 0.45
Allantoate, . ... ... 3 6.9 : 0.54
Allantoate. . ... ... . .. ... ... 5 7.6 ! 0.54
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Figure 1 shows fhe results of
chromatography of ureidoglycolatase
on DEAR-celluloge, In this experi-
ment, the most active sample has a
specific activity 96-fold greater than
that of the enzyme placed on the
column and the total recovery of
enzyme units was 150%. The frae-
tions cluted from DREAER-cellulose
with the higher speecifie activities
were used in studying the properties
of the enzyme,
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FIGURE 1. Chromatography of ureid-
oglyeclatase on DHEAE-collulose. The
DEAR-celluloge column (1.6 x 25 cm)
was cquilibrated with 0.05 M Triz ace-
tate (pH T7.0) and ureidoglycolatuse
(34 mg of protein in 3.5 ml, specific
activity of 0.035 unit) was added to the
column, The column wag eluded with a
linear gradient of Tris acetate (pH 7.0}
hotween 0.05 M and 0.4 M at the rate of
20 ml/hour and 7T ml fractions were col-
lected,

Properties of ureidoglycolatase
Tigure 2 shows that maximum sta-
bility of the purified enzyme wag
near pIl 7.7 and Figure 3 shows that
ureidoglyeolatase was completely in-
activated upon being Leld at 60°C
for 20 minntes. Figure 4 is an Ar-
rhenius plot of the effect of fempera-
ture on the reaeiion rate. An ex-
perimental activation energy of

12,000 ¢al/mole was caleulated from
the graph, Q,, between 11° and 21°
was 2.1, and inactivation of the en-
zyme became evident at 40°C. A K,
value of 0.5 mM was obtained from
Fisure 5; however, Ky values esti-
mated by studying the effect of sub-
gtrate coneentration with the miero-
diffusion assay were near 10 mM
(see IMigure 6, for example).

- Utie acid (2 mM), urea (6.7 mM),
L-arginine (3.3 m3M) and ammonium
sulfate (0.1 M) did not inhihif
ureidoglycolatase in the indicated
coneentrations when the speetropho-
tometric -assay svstem was used.
Potassinm allantoate (3.3 mM) in-
bibited 23% and allantoin (6.7 mM)
inhibited 23% with thiz assay sys-
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Freuvre 2. pH-stability curve for the
nreidoglycolatase of (. wtills, Purified
enzyme, cluted from a DEABE-cellulose
column, wag dialyzed {for 4.5 hours
against 2 changes of 5 mM Tris acetate
(pH 7.0 and 0.5 ml portions of the
dinlyzed enzyme were mixzed with 0.6
ml portions of Tris acetate huifers.
There were placed in a 40°C water bath
for 20 minutes, cooled in an ice hath,
and 0.1 ml of each was assayed by the
spectrophotometric method. The pI of
each heated enzyme wag measured with
the glass eleelrode. The rcsults of two
gxperiments are combined In the figure.
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tem. The results of glyoxylate in-
hibition experiments obtained by the
microdiffusion assay system and plot-
ted by the method of Dixon (1953)
in Figure 6 show that glyoxylate was
a competitive inhibitor with K; =
4 mM.

We have found that manganous
and zin¢ ions in the concentration
range from 30 to 8} pM stimulate
the activity of the purified urei-
doglycolatase. The rate was ocea-
sionally doubled with manganous
ion and smaller effects were observed
with zine ion. We have heen. un-
able to demonstrate an absolute re-
quirement for a divalent cation;
attempts to obtain an inactive en-
zyme which could be reactivated
with manganous or zine iong were
unsuccessful,
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Fruege J. Thermal inactivation of
ureldoglycolatazse. Purified enzyme was
held at ithe Indicated temperature for
20 minuter, placed in an ice bath and
assayed for rezidual ureldoglyeolatase
activity by the =spectrophotometric
method; 13 ug of protein was present in
the assay solution.
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Discussion

The results of varions workers in-
dicate that ureidoglycolatase is re-
quired for the metabolism of allan-
tein or allantoate as carbon or nitro-
gen sources and that the enzyme is
indneible in miervorganisms, Gaudy
and Wolfe (1965) reported that
nreidoglycolatase was present in al-
lantoin-grown but not in glucose-
grown cells. Domnas (1962) found
uretdoglyeolatase in €. utilis grown
with ammoninm sulfate as the nitro-
gen sonrce and the specific activity
of ureidoglycolatase in extracts was
inereased 21-fold by growth on allan-
toin; growth conditions were not

03

o3

SPECIFDIC ACOTJ'VITY
B & §

—lo
g Q
|

2
2

o]
1]

3z a3 34 35
T (io#x e~

Ficure 4. Variation of ureidoglycola-
tase activity with temperature, DPurified
enzyme was assaved by the spectropho-
tometriec method over the indicated tem-
perainre range. Water from a constant
temperature bath wag circulated through
the thermospacers of the spectropho-
tometer and each reaction sclution was
equilibrated to constant lemperature be-
fore starting the reaction. The tempera-
ture was meagured at the end of the
reaction by placing & thermometer pre-
viously egnilibrated at the temperature
of the bath in the cuvette. The loga-
rithm of the measured specific activity
is plotted against the reciprocal of the
absolute temperature.
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defined for these experiments. Our
results are in gualitative agreement
but we find much lower specific ac-
tivities and only a slight inerease in
specific activity upon incubation in
allantoin as the sole nitrogen scurce
under our conditions, Urie acid was
the best indnceer, possibly heeause it
aceummnlates in the vaeuole in erystal-
line form (Roush, 1961) and pro-
vides a constant source of purine
catabolites for induction over a pro-
longed period of time. The results
of Choi et el. (1968) taken in eon-
junction with the present results
support the conclugion of Lce and
Ronsh (19264) that allantoicase was
induced in C. wtilis by purine metah-
olites and was not present in de-
tectable amounts in €. wiilis grown
on ammoninm sulfate; ureidogly-
eolatase is present in non-indueed
cells and did not prevent the detec-
tion of allanteicase in the assay pro-
cedure of Tiec and Roush {1964),
The suceess in purification of

o
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Freuze 5. The effect of substrate con-
centration on ureidoglycolatase activity.
Purified enzyme (sapecific activity —
0.62 unit) was assayved by the spectro-
photometiic method. The wunits of +
are pmoleg/min/3 ml and (0.1) (1/%)
iz the ordinate in the reciprocal plot.
The line was drawn by the method of
least RguAares. '

ureidoglycolatase by chromatogra-
phy on DEAFR-celiulose depended
upen the strong adsorption of the
enzyme by DEAH-cellulose in 0.05
M Tris buffer; much of the protein
and nuelcie acid are not adsorbed
strongly under these conditions and
appear in the eluate at lower ionie
strengths than provided by the 0.3
M Tris buffer requirved for elation
of the ureidoglycolatase. The high
recovery of activity may be due to
the removal of inhibitors during
chromatography, IPossible inhibitors
include divalent heavy metal ions
(Caudy and Wolfe, 19653) or pro-
teing and nucleic acids. The latter
classes of compounds have strnetural
similarities to the substrate.

Our K, value of 0.5 m¥M, obtained
by the speetrophotometrie assay, is
mnch smaller than the value of 92
mM reported by Trijbels and Vogels
(1966a) for the enzyme from Pseu-
domonas acidovorgns or the value of
83 mM reported by Gaudy and
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Fizuke 6. The inhibition of ureid-

oglyeolatase by sodium glvoxylate. The
activities wero measured at pH 7.0 and
30°C for 30 minuteg by the microdif-
tusion assay in a volume of 2 ml ecom-
taining 6% ug of purified ureidoglycola-
tase and 0.8 mg of urease. Ureidogly-
colate concentrations: '

A, 525 mM; B, 9.50 m¥M; C, 1590 mM.
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Wolfe (1965) for the enzyme from
S, allgnfoteus. The I, value of 10
mM which we estimated from micro-
diffusion assay data is more nearly
of the order of mannitude of the
values given by the other workers.
The diference betwedn the K, values
obtaincd by the two assay systeins
might . be due to phenyihydrazine
acting as a direct acecoptor of the
glvoxylate from an enzyme-substrate
complex in the spectrophotometric
assay system.

Glyoxylate was a competitive in-
hibitor of yeast wurcidoglycolatase
which indicates that the glyoxylate
moioty of ureidoglycolate may be in-
volved in the formation of the en-
zyme-gubstrate complex. Urea was
not inhibitory, in agreement with the
results of Gaudy and Wolfe (1965),
but these authors found that 1 mM
glyoxyilate did not inhibit their en-
zyme, in contrast fo our resulls with
the yeast engyme.

Gandy et al. (1965) recovered
174% ol their enzyme activily in
a purifieation step which employed
20 mM Mn* and Gaudy and Wolfe

- {19658} found that 1 m¥ Mn™ stim-
nlated the activity of thelr enzyme
to 131% of the control valne. Vogels
{1961} and Trijbels and Vogels
{1966a) have reported stimulations
of ureidoglycolatase activity by 0.16
mM and by .77 mM Mn"™ respec-
tively. We have found maximum
stimulation of the weast ureidoely-

colatase by 60 pM ¥Mu* and no effect

or inhibition at higher concentra-
tions. More recent results obtained
in this laboratory (N. Spalek and
AH. Boush, unpublished observa-
tions) show that Mn™ in concentra-
tiong of 1 m¥ or higher catalyzes
the cleavage of ureidoglycolate in the

speetrophotometric assny system and
therefore we conelude that cantion
must be cxorelsed in attributing
stimulation of urcidoglveolatase ac-
tivity by higher conecntrations of
Mn*™ fo an cffeet on the cenzyme.
Some of the observed results may
be due to direet Mn™ eatalysis of
ureidoglycolate cleavage.
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