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Pyrimidine nucleotide N-ribosidase (pyrimidine 5-nucleotide phosphoribo (deoxyribo)hydrolase/py-
rimidine 5-nucleotide nucleosidase, EC 3.2.2.10) directly catalyzes pyrimidine 5'-nucleotide to py-
rimidine base and ribose (deoxyribo) 5-phosphate. In order to clarify the best nutritional conditions
for the growth and the pyrimidine nucleotide N-ribosidase production of Pseudomonas oleovorans ATCC
8062 the effects of various nutrients such as different carbon and nitrogen sources were studied. For
the both the growth and the enzyme production, 2% fumarate, 1.5% peptone, 5% corn steep liquor
(CSL) and 1% ammonium chloride were excellent carbon and nitrogen sources, respectively. Optimum
pH, temperature, and cultivation time for the enzyme production were 7.0, 28°C, and 48 h, respectively.
The pyrimidine nucleotide N-ribosidase of P. oleovorans ATCC 8062 was not induced by UMP and its

derivatives, and was constitutive enzyme.
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Generally, degradation of cytidine mono phosphate (CMP)
in microorganisms is initiated by the elimination of phos-
phate to produce cytidine. Its degradation is performed
through two pathways, one consists of the sequential ca-
talysis of cytidine deaminase and nucleoside hydrolase (or
nucleoside phosphorylase), and the other consists of the
sequential catalysis of nucleoside hydrolase and cytosine
deaminase.

Previously, Sakai et al. and Imada et al. demonstrated
another CMP degrading pathway, in which cleavage of
N-ribosyl linkage occurred without the liberation of phos-
phate, and CMP was directly degraded to ribose 5-phos-
phate and cytosine[3,4,8-11]. However, cytosine cannot be
reused for biosynthesis of nucleotides, because ‘microor-
ganisms contain neither CMP : pyrophosphorylase nor cy-
tidine phosphorylase[7]. Moreover, cytosine that cannot be
a immediate precursor for on organisms is assumed to be
converted to uracil, on the first step, and then reused for
Salvage synthesis of cytosine nucleotide or degraded into
urea and acetyl-CoA. Certain microorganisms (i. e., Pseu-
domonas oleovorans) have only this pathway for the direct
degradation of CMP. The above authors also demonstrated
the existence of a novel enzyme catalyzing this pathway,
and called pyrimidine nucleotide N-ribosidase. Pyrimidine
nucleotide N-ribosidase (pyrimidine 5-nucleotide phos-
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phoribo (deoxyribo) hydrolase/pyrimidine 5-nucleotide
nucleosidase, EC 3.2.2.10) catalyzes pyrimidine 5-nucleotide
to pyrimidine base and ribose (deoxyribo) 5-phosphate.
However, the enzyme was not reported in detail.

In this paper, the effects of various nutrients such as
different carbon and nitrogen sources were measured in
order to clarify the best nutritional conditions on the growth
and the enzyme production of P. cleovorans ATCC 8062.

Materials and Methods

Chemicals

Peptone, corn steep liquor (CSL), meat extract were
purchased from Difico Co. U.S.A. Cytidine mono phosphate
(CMP), uridine mono phosphate (UMP), nucleotides, nu-
cleosides, and pyrimidine base were obtained from Sigma
Co. US.A. All other chemicals used were purchased to
analytical reagent grade.

Microorganism and culture

Pseudomonas oleovorans ATCC 8062 was used throughout
this study.

The microorganism was inoculated into a 500 ml flask
containing 100 ml of medium containing 2% disodium fu-
marate, 1.5% peptone, 5% CSL, 1% ammonium chloride,
0.03% MgSO; - 7H,O, 0.01% KH,PO,, and 0.01% K,HPO,, at
pH 7.0. The subculture was carried out at 28 for 24 h under
reciprocal shaking. Each 500 ml of this subculture was



inoculated into a 20 L jar fermentor containing 10 L of the
medium and cultivation was carried out for 48 h at 28T
under aeration (10 L/min). The cells were harvested by
centrifuge, and washed three times with 0.9% saline.

Enzyme preparation

All subsequent procedures were performed below 5T
unless noted.

The cell paste (400 g) obtained from 100 L of the medium
was suspended in 0.05 M phosphate buffer (pH 6.5) to give
a suspension of about 0.1 g/ml The suspension was divided
into 500 ml portions and each portion was subjected to
ultrasonic oscillation (20 kHz) for 30 min. The cell debris
was removed by centrifugation at 19,000 X g for 30 min. The
supernatant solution was dialyzed for 24 h against 10 L of
0.01 M phosphate buffer containing 5x10* M EDTA (pH
6.5).

Enzyme assay

Enzyme activity was assayed by measuring the amount
of ribose 5-phosphate (R-5-P) formed from UMP.

For the determination of R-5-P, the following procedure
was used. The reaction mixture contained 10 um UMP, 100
um Tris-HCI buffer (pH 7.0), and various amounts of crude
enzyme solution. The total reaction volume was 1.0 ml The
reaction was carried out at 37 for 30 min with gentle
shaking and was stopped by boiling for 3 min. After cooling,
the precipitate formed was removed by centrifuge and the
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supernatant was submitted to analysis. The amount of R-5-P
was determined according to Somogyi's methods[12).

Ribose, ribose 1-phosphate, and ribose-5-phosphate were
detected by Agarwol’s methods[1].

In the enzyme assays, reaction mixtures without substrate
were used as the control. One unit of enzyme activity was
defined as the amount of enzyme catalyzing the degradation
of 1 um of UMP per hour under the assay conditions de-
scribed.

Specific activity is expressed as unit per milligram en-

zyme protein.

Protein determination
The protein concentration was determined according to
the method of Lowry et. al.[6].

Results and Discussion

To establish optimum conditions for the production of the
pyrimidine nucleotide N-ribosidase (Fig. 1) from P. oleo-
vorans the following investigation was carried out.

Effect of carbon source

Various carbon sources such as 2 sugars, 1 alcohol, and
5 organic acids were examined. Of those tested, citrate and
fumarate were found to be the most favorable for both
growth and enzyme production, as shown in Table 1.
Fumaric acid is a analogue of aspartic acid which is initial
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Fig. 1. Hydrolysis of UMP by the action of pyrimidine nucleotide. N-ribosidase from P. oleovorans.
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Table 1. Effect of carbon sources on the enzyme production

. o Growth  Enzyme activi
Addition (%) (mg/mi) (un}i,ts/ mg celll?l
Glucose 200 3.02 0.18
Sucrose 1.90 1.60 0.13
Glycerin 2.05 2,07 013
Citrate-2Na 287 293 0.25
Tartrate-2Na 223 1.00 o1
Acetate-Na 273 2.60 0.20
Succinate-2Na 449 2.00 0.16
Fumarate-2Na 195 355 0.28
None - 1.70 0.18

In addition to the carbon source stated above, each medium
contained 1.0% casein hydrolysate, 0.2% meat extract, 0.01%
KoHPOy, 0.01% KH,PO4 and 0.03% MgSOy - 7H;0. Initial pH
was adjusted to 7.0. Concentration of the carbon sources were
equalized to 2% glucose on carbon atom basis.

substance of pyrimidine nucleotide synthesis. Fumaric acid
is easily converted to aspartic acid under conditions of ex-
istence of ammonia. This fumaric acid was to be most
favorable carbon source on cytosine deaminase production
of P. aureofaciens[14]. Author took an interest in this point.
As shown in Table 1, fumarate ultilized more easily than
glucose as a carbon source and in fumarate medium the pH
of broth was not changed, but after 24 h of incubation time
changed sharply to alkalic pH as shown in Fig. 2. Fumarate
is not only to be carbon source, but also to keep up steady
pH level of broth. Fumarate was chosen as the main carbon
source for the subsequent experiments.

®
pH

Growth
Activity

Cuiture time (day)

Fig. 2. Culture time and the enzyme production. (O), Activity
(units/ml medium) ; (@), growth (OD at 660 nM) ; (O),
pH.

As shown in Table 2, 2% of fumarate (as disodium salt)
was found to be the best concentration for the enzyme
production. Concentrations higher than 2% fumarate stim-
ulated growth, but not the enzyme production.

Effect of nitrogen source

As shown in Table 3, the bacterial growth and the enzyme
production were affected by the nitrogen source employed.
Peptone, CSL, yeast extract, and meat extract were the good
nitrogen sources for the growth. But ammonium chloride,
urea, peptone, and CSL were the good effective on the
enzyme production. Moreover, it was observed that am-
monium chloride and urea were effective stimulators of the

Table 2. Effect of concentration of fumarate on the enzyme

production

Conc. of fumarate- Growth Enzyme activity
2Na (%) (mg/ml) (units/mg cell)

0 1.71 0.07

1.0 2.80 0.25

15 3.65 0.40

2.0 4.60 0.52

25 513 0.34

3.0 510 0.29

Beside fumarate, all media contained 0.2% meat extract, 0.01%
K;HPO, and 0.03% MgSO; - 7H20. Initial pH was adjusted to
7.0.

Table 3. Effect of nitrogen sources on the enzyme production

Growth Enzyme activity

. o
Addition (8) " (mg/ml) (units/mg cell)
Ammonium carbonate 0.53 0.10 -
Ammonium sulfate 062 035 0.26
Ammonium chloride 050 026 047
Ammonium phosphate 062 045 0.25
(dibasic)
Ammonium phosphate  1.07  0.57 0.29
(monobasic)
Ammonium nitrate 0.75 1.71 0.14
Sodium nitrate 0.28 1.65 0.20
Urea 028 165 043
Peptone 090  3.34 037
CsL* 220 328 0.39
Yeast extract 0.45 2.20 0.12
Meat extract 710 380 0.32

In addition to the nitrogen source stated above, each medium
contained 2.0% fumarate-2Na, 0.01% KHPO,, 0.01% KH,PO4
and 0.03% MgSO4 - 7H;O. Initial pH was adjusted to 7.0.
Concentration of the nitrogen sources were equalized to 1.0%
casein hydrolysate on nitrogen atom basis.

*CSL; Corn steep liquor.



enzyme production and had less effect on bacterial growth
than yeast extract and meat extract did.

The optimum concentration of peptone for both growth
and the enzyme production were found to be approximately
1.5%, as shown in Table 4. When the concentration was
increased over that, the growth and the enzyme production
were somewhat inhibited.

As described above results, ammonium chloride was
effective in the enzyme production. The effect of con-
centrations of ammonium chloride as an auxiliary nitrogen
source in the presence of 1.5% peptone is given in Table
5. The addition of 1% ammonium chloride was found to be
best favorable for the enzyme production and growth.

Effect of complex nutrients
A series of complex nutrients, such as peptone and CSL

tested for effect on the enzyme production and growth.

Table 4. Effect of concentration of peptone on the enzyme

production
Conc. of peptone Growth Enzyme activity
(%) (mg/ml) (units/mg cell)
0.01 0.10 -
0.05 0.26 -
0.10 0.44 -
0.50 2.03 0.04
0.75 2.60 0.16
1.00 5.26 0.22
1.25 4.80 0.30
1.50 4.70 0.56
175 481 0.32
2.00 320 0.16

Beside peptone, all media contained 2.0% fumarate-2Na, 0.01%
K:HPO,, 0.01% KH,PO4 and 0.03% MgSO; - 7TH,0. Initial pH
was adjusted to 7.0.

Table 5. Effect of concentration of NH,CI on the enzyme

production
Growth Enzyme activi
Conc. of NHCl (mg/ml) (un?ts /mg celgl
0.00 375 047
0.50 3.89 0.44
1.00 418 0.67
125 4.20 0.50
1.50 490 045
3.00 6.00 0.42
5.00 6.22 0.38
6.00 6.45 0.27
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When the concentration of peptone was increased, the
growth and enzyme production were stimulated. An con-
centration limit of 5% CSL stimulated the growth and en-
zyme production, although did not stimulate the growth.
The enzyme production was best obtained with the addition
of 1.5% peptone and 5% CSL, as shown in Table 6.

Effect of initial pH

From the results of the above experiments, a favorable
medium for the production of the enzyme was devised as
followed; 2% fumarate, 1.5% peptone, 5% CSL, 1% NH,C],
0.03% MgSO; - 7H:0, 0.01% KHyPO4 and 0.01% K;HPO,.
When this bacteria was incubated in the devised medium,
the pH of the medium increased in direct proportional to
cultural time. The initial optimum pH was found to be near
7.0 (data not shown), and this pH value was used in the
followed experiments.

Effect of culture temperature

The optimum culture temperature for the enzyme pro-
duction was found in 28°C to 30C (data not shown). When
the strain was cultured at 37°C, the growth and the enzyme
production were strongly inhibited.

Effect of UMP and its related compounds
The effect of UMP and its related compounds was ex-

amined under these optimum cultural conditions. As shown

Table 6. Effect of peptone and CSL mixture on the enzyme

production
Addition Growth Enzyme activity
peptone (%)  CSL (%) (mg/ml) (units/mg cell)
0.0 1.0 1.57 0.07
05 1.0 3.83 018
1.0 1.0 413 024
15 1.0 4.47 0.30
0.0 3.0 2.88 0.16
05 3.0 5.25 0.28
1.0 3.0 4.94 032
15 3.0 230 0.42
0.0 5.0 4.94 0.16
0.5 5.0 491 0.35
1.0 5.0 543 0.40
15 5.0 6.22 0.74
0.0 6.0 471 0.35
0.5 6.0 231 0.54
1.0 6.0 425 0.51
15 6.0 6.45 0.47

See footnote of Table 4.

See footnote of Table 4.
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Table 7. Effect of UMP and its derivatives on the enzyme

production
. 0 Growth Enzyme activity
Addition (%) (mg/ml) (units/mg cell)
uMP 01 5.80 0.38
0.05 5.75 0.39
Uridine 0.1 5.50 0.37
0.05 5.50 0.37
Uracil 01 7.05 036
0.36 6.65 0.39
None - 6.00 0.38

Besides UMP or its derivatives, each medium contained 2.0%
fumarate-2Na, 1.5% peptone, 5% CSL, 0.01% KHoPOs, 0.01%
K,HPOq, 5% NH4Cl, and 0.03% MgSO; - 7HO. Initial pH was
adjusted to 7.0.

in Table 7, the compounds tested in this study did not affect
the enzyme production. Furthermore, UMP and its related
compounds did not also produce any noticeable effect.
Furthermore, the systhesis of cytosine deaminase in Sal-
monella typhimurium is repressed by both a uridine and a
cytidine compounds[13]. The growth of P. aureofaciens was
stimulated by cytosine, but cytosine was not induced the
cytosine deaminase from this strain[14]. Hydrogenomonas
facilis utilizes thymine, cytosine, and uracil as nitrogen
sources; Hydrogenomonas H 16, however, only cytosine.
Cytosine is completely metabolised by H. facilis, but is only
deaminated by H. H 16 and the resulting uracil accumulates
in the culture medium. The cytosine deaminase activity of
H. H 16 cells were increased an 18-fold during the incubation

in a cytosine containing medium{5].

The time course of the enzyme production

As shown in Fig. 2, pyrimidine nucleotide N-ribosidase
from P. oleovorans at different cultural periods showed that
the maximum production of the enzyme was obtained after
48 hr of cultivation and gradually declined thereafter. More-
over, the level of pyrimidine nucleotide N-ribosidase of P.
oleovorans varies depending on culture conditions, but the
enzyme activity do not effect by many natural substrances,
such as nucleic acid related compounds.

From those results, I assume that in cell of P. oleovorans
the pyrimidine nucleotide N-ribosidase level may be reg-
ulated by means of production or degradation of the enzyme
itself.

The pyrimidine nucleotide N-ribosidase of P. oleovorans
ATCC 8062 was not induced by UMP and its derivatives,
and constitutive enzyme.

However, a clear elucidation of the regulation system has
not been obtained. More detailed investigations for those to
be elucidated are now in progress.
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