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Partial Purification and Characterization of Purine Nucleoside
Phosphorylase in Saccharomyces cerevisiae*
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Department of Microbiology, Ulsan University, Ulsan 680-749, Korea

Saccharomyces cerevisiaedl| Al PNP2| 52 HA|2} EA

S4H

M
(e
&=t

ABSTRACT: Intracellular purine nucleoside phosphorylase (PNP) from Saccharomyces cerevisiae
was partially purified using ammonium sulfate fractionation, heat treatment, a DEAE-Sephadex
A-50 anion exchange chromatography and a Sephadex G-100 gel filtration chromatography.
The enzyme was purified 20 fold with 3% recovery. The stability of enzyme was kept by addition
of inosine and dithiothreitol. The pH optimum was found to be from 6.3 to 7.3. PNP was

sensitive to 10 mM of Hg?*. Cu’*,

and was

inactivated completely by 2 mM of p-

chloromercuribenzoate and 5,5-dithiobis (2-nitrobenzoate). The enzyme was capable of
catalyzing the phosphorolysis of inosine, deoxyinosine, guanosine, deoxyguanosine and adenosine.
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INTRODUCTION

The splitting of the glycosidic bond of a nu-
cleoside is the critical reaction in nucleoside
catabolism. The nucleoside structure, as it occurs
in nucleotides and nucleic acids, is broken by this
reaction. It generates purine or pyrimidine base
and the corresponding pentose sugar. Two
different rcactions for nucleoside cleavage have
been found in nature (Vogels and Drift, 1976).
One is a reversible phosphorolytic cleavage of the
glycosidic bond catalyzed by a nucleoside
phosphorylase. The other is an irreversible
hydrolytic cleavage. Three main types of nucleo-
side phosphorylases have been found: (1) purine
nucleoside phosphorylase (Stoeckler, 1984), (2)
thymidine phosphorylases (Schwartz, 1978) and
(3) uridine phosphorylases (Krenitsky. 1976).

Purine  nucleoside  phosphorylase  (PNP)
catalyzes the following reaction:

purine nucleoside +phosphate ===
purine+ribose 1 —phosphate

The enzymatic degradation of purine nucleoside
phosphorylase was first described by Kalckar in
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1945. The equilibrium was shown to greatly favor
synthesis of the nucleoside (Kalckar, 1947). The
natural purine bases, guanine and hypoxanthine
work as substrates. In contrast, adenine
nucleosides are very poor substrates for PNP from
most sources. The sugar moiety may be ribose
or 2-deoxyribose.

Synthesis of purine nucleoside have been
carried out with PNP from both microbial and
mammalian sources. PNP was found in most
mammalian tissues and other microorganisms
such as Salmonella (Jensen and Nygaard, 1975).
Bacillus (Gilpin and Sadoff, 1971; Jensen, 1978),
Saccharomyces (Heppel and Hilmoe, 1952) and
Physarium, whereas it was not detected in some
microorganisms such as Neisseria.  Azotobacter,
Lactobacillus and Penicillium (Hammer-Jespersen,
1983). The enzymc from a variety of biological
sources have been investigated and considerable
variations in their properties have been found
(Carlson and Fischer. 1979; Choi er al, 1986:
Ghanges and Rheem. 1979; Glantz and Lewis,
1978; Tkezawa et al, 1978; Kazmers er al, 1980;
Krenitsky et al, 1981: Lewis and Lowry, 1979:
McRoberts and Martin,  1980; Milman. 1978:
Moyer and Fischer, 1976; Mura e al, 1978;
Osborne, 1980. Robertson and Hoffee, 1973;
Stoeckler er al, 1978: 1980; 1982; Umemura er al,
1982; Wiginton er al, 1980; Zannis er al, 1978).
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On the other hand. it was reported that
Saccharomyces cerevisive contains PNP in moderate
concentration (Heppel and Hilmoe. 1952) and it
appears to play an important role in the nucleo-
side metabolism of these cells, In the present
study. we  have attempted to  purify  and
characterize PNP trom Saccharomyces cerevisiae.

MATERIALS AND METHODS

Purine Nucleoside Phosphorylse Assay

The assay used in these studies was the coupled
xanthine oxidase mcethod (Kalckar, 1947) which
was based on the measurement ol the increasc
in absorbance at 293 nm due 1o the formation
of wuric  acid.  Spectrophotometer  (Kontron.
UVKON 860) equipped with RS 232C-interface
was uscd. The reaction mixture for standard assay
contained. in a final volume ol I m/, 30 mM I'ris,
pH 73 1 mM inosinc. 10 mM potassium
phosphate. 0.02 4M unit of xanthine oxidasc and
an appropriate amount of PNP. All rcaction mix-
tures except PNP were preincubated at 30C for
about 3 min to remove any trace ol hypoxanthine
or xanthine as a contaminant in the inosine. The
reaction was started by the addition of PNP and
continued for about 3 min to get the linear region.
One unit of PNP is defined as that amount of
enzyme which gives an optical density increase
of 125 per min at 293 nm under standard assay
conditions.
Measurement of Protein Concentration

Protein concentrations were measured by the
mcthod of Lowry ¢r «l (1951) with bovine serum
albumin as a standard or the method in which
the absorbances at 280 and 260 nm were
multiplicd by factors of 1.55 and 0.76. respectively
and subtracted to obtain the protein concentration
in mg per m/.
Enzyme Purification

Baker's  Yeast commercially available from
Sigma Chemical Co. was used and all purification
steps were carried out at 4C. Thirty grams of
Baker's Yeast were dissolved in 130 m/ of 10 mM
Tris. pH 73 containing | mM dithiothreitol
(DTT) and 1 mM EDTA., and immcdiately
disrupted for 3 min with a pulsc in a ice-chilled
bead beater (Biospee Products) with 0.5 mm of
gluss beads. The homogenate was clarified by
centrifugation at 10,000Xg  for 40 min. The
supernatant was brought to 35% saturation by
adding solid ammonium sultate (194 g/100 m/ of
supernatant) and stirred for 30 min. The solution
was contrifuged at 10.000X g for 40 min and the
pellet was discarded. More ammonium sulfate (18.
4 g/100 m/ of supernatant) was added to bring
the concentration to 63% saturation and the pH
ol the solution was 39. Two hours later. the
precipitate was collected by  centrifugation  at
10000X g for 40 min and dissolved in 10 mM Tris.
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pH 73. The c¢nzyme from ammonium sulfate
fraction was dialyzed overnight against 4/ of 10 mM
Tris. pH 73 with two changes. The dialysate
was treated at 50C for 10 min with shaking and
clarified by centrifugation at 10.000X g for 30 min.
The clarified enzyme solution was applied to a
DEAL-Scphadex A-50 column (3X 18 ¢m) which
had been equilibrated with 10 mM Tris, pH 7.2,
The column was washed with 500 m/ of the
equilibration buffer until the absorbance of the
cluent decrcased to around 0.1 at 280 nm. Then
a linear gradient was started with 10 mM Tris.
pH 7.2 varing from 0 o 0.8 M NuCl in a total
volume of 320 m/. The fraction size was 10 m/.
Active fractions were pooled and concentrated by
adding solid ammonium sulfate (47.6 g/100 m/ of
solution) to a saturation of 75%. The precipitate
in the ammonium  sullatc  suspension  was
collected by centrilugation and  dissolved in a
small volume of 10 mM Tris. pH 7.2. The portion
of enzyme (1/3) was loaded directly on a
Sephadex G-100 column (3X 42 ¢m) cquilibrated
with 20 mM Tris. pH 7.2. The column was washed
with the equilibration buffer and 1 m/ fractions
were collected. The flow rate was 300 m/i/hr. The
pooled enzyme solution was  concentrated by
lyophilization. All the preparation which was uscd
for characterization was obtained by several times
of repeated procedures.

RESULTS AND DISCUSSION

Enzyme Purification

[n ordr to localize the PNP activity., Saccha-
romyces  cerevisive  cells were grown  and
fractionated. The enzyme was found in  the
disrupted intraceliular  materials,  whereas  no
activity was measured in extracellular medium.
Since  PNP  activity  was  also  detected  in
intracellular - preparations  of - lyophilized  dry
powder of Saccharomyces cerevisiae, commercially
available  Baker's Yeast was used for further
studies.

The results are shown in Table 1. The enzyme
was purified 20 fold with 3% recovery. Am-
monivm sulfate precipitation and heat treatment
were effective 1o remove turbid materials and deep
colors. PNP was bound on a DEAE-Sephadex A-
50 column and no activity was found in the
washing steps, as shown in Fig. 1. The enzyme
was cluted with buffer containing 0.25-045 M
NaCl concentration with a single peak. The major
portion of PNP was subjected to a gel filtration
column. The enzyme was cluted as a single peak
as shown in Fig 2
Stability of Enzyme

The purified preparations of PNP from most
mammalian tissucs and other microbial origing
were reported to be reasonably stable (Stoeckler
et al, 1978: Krenitsky ¢r al. 1981: Robertson and



174 Choi Hye-Seon

KOR. JOUR. MICROBIOL.

Table 1. Furfication of purine nucteoside phosphorylase from Saccharomyces cerevisiae

Step Frudc ‘(NHJ)]SQJ Heat DEAE- Sephadex
Extracts fractionation Treatment Sephadex A-30 G-100 (1/3)

Total

Activity 359 17.7 14 4.8 (.35

()

Total

Protein 9667 1128 378 115 4.8

(mg)

Specific

Activity 0.0037 0.016 0.037 0.042 0.073

(U/mg)

Recovery 100 49 39 13 3

(%)

Purification 1 43 10 114 19.7

(fold)
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Fig. 1. Elution profile  of purine nucleoside phos- é —— E

phorylase from anion exchange column, DEAE-
Sephadex A-50.

The heat treated and clarified enzyme solution
was applied and the column was washed and
eluted as described in Materals and Methods.
Azso for protein concentration () purine nu-
cleoside phosphorylase activity (——).

Hoffee. 1973). However. PNP from S cerevisiae
was a labile enzyme as suggested by the low
recovery during purification. Especially after the
step of DEAE-Sephadex A-30 column chromato-
graphy. the activity of the enzyme decreased
drastically. Some stabilizing component might be
removed by an anion exchange column. The
enzyme may be stored with little loss of activity
as a lyophilized powder or as a suspension in
75% saturated ammonium sulfate.  However,
freezing and thawing in a dilute solution of 10
mM Tris. pH 7.3 resulted in the inactivation of
the enzyme with about 50% loss of activity. In
order to study the effect of protection from
inactivation of the enzyme, PNP was treated with
substrate. inosine or thiol-protective reagent, DTT.
As seen in Fig. 3. the activity decayed within a
few days if the enzyme was stored in 10 mM Tris,
pH 7.3, whereas incubation with 10 mM DTT and

50 100 150
Fraction Number

Fig. 2. £lunon  profile  of purine nuclecside phos-
phorylase from gel filtration column, Sephadex
G-100.

The pooled fractions from DEAE-Sephadex A-
50 was ireated with 76% ammonium sulffate.
The poruon of the precipitate was applied and
the column was eluted as described in

Materials  and  Methods. A« for protein
concentration (~---);  purine  nucleoside
phosphorylase activity ).

I mM inosine have resulted in no loss of activity.
The binding of substrate appeared to stabilize the
enzyme and the presence of sulfhydryl groups
secems to play an cssential role for PNP.
Treatment of the cenzyme with inosine alone
showed better protection than with DTT alone.
It will be examined further whether the inhibition
of the enzyme by sulfhydryl reagents could be
overcome by substrates and (or) thiol protective
reagents. It was reported that PNP from Bacillus
subtilis and Salmonella typhimurium were protected
by some of the substrates from inactivation by
a sulfhydryl reagent, p-chloromercuribenzoate (p-
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Fig. 3. Protection of purine nucleoside phosphorylase
activiies from inactivation in the presence of
tnosine or f(and) DTT. The enzyme from a gel
filtration column (specific activity, 0.073 U/mg)
was treated with or without inosine or {and)
DTT. The reaction mixture was put at 4C and
then aliquots were collected at the indicated
time points to determine the enzyme activiy.
control (*): inosine (a). DTT (#): inosine and
DTT (@)

100

(8/0)

Activity

80

Reilstive
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Fig. 4. £ffect of pH on purine nucleoside pho-
sphorylase  actwvity. The reaction mixture
contained, in a final volume of 1 ml 1T mM
inosine, 25 mM potassium phosphate, 0.02 u\
unit of xanthine oxidase and an appropriate
buffer. After 3 mun of preincubation at 30T,
the enzyme from a Sephadex G-100 column
(specific activity, 0.073 U/mg) was added into
the reaction mixture. The buffers of 200 mM
sodium  acetate (a), 25 mM  potassium
phosphate (@ and 200 mM Tris (O were used
for pH 4.0-6.0, pH 4.5-85 and pH 7.0-9.0,
respectively.
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Fig. 5. Effect of temperature on purine nucleoside
phosphorylase activity.
The reaction mixture as described in Materials
and Methods was preincubated for 3 min and
the reaction was started by adding the enzyme
(specific actvity, 0.073 U/mg). Each of the mix-
ture ws incubated in the temperature controlled
cell. Activation energy, E, was calculated to be
10671 and 16.94 kcal - moi~" from 30-50C
and 15-30C, respectively.

CMB) (Jensen, 1978: Jensen and Nygaard, 19
78).
Effect of pH

The activity of the purified PNP  was
determined as a function of pH as shown in Fig.
4. A pH optimum range of about 6.3 to 7.3 was
observed. In order to study whether the ecnzyme
was inactivated irreversibly at low or high pH.
PNP was preincubated at pH 4.5-85 for 5 min.
No effect on the activity was observed under
standard assay conditions (Data not shown).
Thus. the decline in activity between pH 4.5 and
6.3 and between 7.3 and 8.5 must result from the
formation of an improper ionic form of the
enzyme and (or) substrate. The values of Km and
Vm of PNP over various pH values would give
an information of ionization of cnzyme-substrate
complex and free enzyme. It is deserving of
further detailed study. Previous reports on PNP
from Escherichia coli and Salmonella rvphimurium
showed a pH optimum of 7.0-7.5 (Krenitsky er al.
1981) and 7.5 (Robertson and Hoffee, 1973),
respectively. The pH chosen for kinetic and other
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Table 2. Effects of various substances on the activity
of purine  nuclecside phosphorylase  from
Saccharomyces cerevisiae

Concentration Remaining
Substance (mM) Activity

(%)
Control 100
MnCl, 10 100
MgSO, 10 93
CoCl- 10 84
CaCls 10 86
ZnCls 10 64
KCl 10 86
NaCl 10 86
EDTA 10 79
HgCl 10 14
CuSO, 10 7
p-CMB 2 0
DTNB 2 0

Mcasurements were carried out in the standard assay
conditions after 5 min preincubation of purified PNP
with various effectors

studies was 7.3.
Effect of Temperature

In order to study the effect of temperature on
the stability of enzyme. the activity of enzyme was
measured at 37,42, 50 and 60C. After 15 min of
incubation. the activities at the ahove conditions
decreased drastically (Data not shown). However.,
when the initial  velocities were  obtained  al
various temperatures between 15 and 50T, the
activities of purified enzyme increased as the
lemperature went up. As shown in Fig 3. a plot
of log (velocity) against /T gave a sharp change
in slope at 30C, indicating that the enzyme
occurred in two interconvertible  forms  with
different activation energies. No denaturation of
the enzyme was found under the assayed
temperature range. The activation cnergy for the
reaction  was  calculated from  the Arrhenius
cquation (Segal, 1975) and to be 1061 and 16.94
Kcal » mol ' from 30 to S0C and from 15 to 30C.
respectively.
Effects of Metal Ton and Thiol Reagents

The effect of various metal ions at a con-
centration of 10 mM on the purified PNP ig

51
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Table 3. Substrate specificity of purine  nucleoside
phasphorylase from Saccharomyces cerevisiae

Substrate Relative Activity (%)
Inosine 100
Dcoxyinosine 140
Guanosine 54
Deoxyguanosine 54

Enzyme activities were measured at the salurating
concentration of each substrate under the standard
assay conditions. The phosphorolysis of guanosine
and deoxyguanosine was measured by the decrease

of absorbunce at 237 nm with AE of S0X[0° M !

cm

shown in Table 2. The enzyme was Very sensitive
to Hg'', Cu ' and Zn'' decreased the enzyme
activity. Other metal ions such as Ca’'. Mg,
Co™', Na', K' and EDTA slightly decreased the
enzyme activity. However. the reagents which
reacts with thiol groups such as p-CMB and 5.5-
dithiobis(2-nitrobenzoate) (DTNB) at 2 mM of
concentration completely inactivated the enzyme.
Substrate Specificity

The enzyme activity towards several nucleoside
was studied to clucidate the identification of the
cnzyme. As shown in Table 3. the enzyme was
capable of catalyzing the phosphorolysis of in-
osine.  deoxyinosine.  guanosine  and deoxy-
guanosine. Deoxyinosine showed the maximum
activity. The activity ratio of 0.71 and 1.0 were
found for inosine to deoxyinosine and guanosine
o deoxyguanosine, respectively. In the coupled
assay with xanthine oxidasc 1o produce  2.8-
dihydroxyadenine at 305 nm. adenosine also
served as a substrate. However. it was  not
examined whether a single enzyme acts on all
these nucleosides or the cnzyme preparation
consists of a mixture of several enzymes, cach
specific for a nuocleoside. That question should
be examined carefully in next studies. The
phosphorolysis of inosine, deoxyinosine, guano-
sinc. deoxyguanosine and adenosine was also
demonstrated in PNP from Sulmonella nphimu-
rium (Robertson and Hoffee, 1973) and Bacillus
subtilis (Jensen.  1978). However. adenosine s
known to be a poor substrate in  human
erythrocytic PNP (Steockler. 1984),

e

Succharomyces cerevisiae®) W2 & 229 purine nucleoside phosphorylase % ammonium sulfate fractionation, &1

A2]. DEAE-Sephadex A-50 ol g IRupk gy
Ao AAEgch ) Eas 20ME WA= 3

E2 2k 3% Hon fise) okl v)ae inosine®} DTTE

19} Sephadex G-1007] of 33 AR I ElE apLale] B

WA HeiFd s W FobEgich a4 A wke PH<= 6304 730190 10 mM2] Hg = Cu' ol o)) sHAlx 7}
#oHdew 2mMe p-CMBLY DTNB HelA] Fae) ghAe] ekmE) el wqir. 71732 4 inosine. deoxyinosine.
guanosine. deoxyguanosine®} adenosineg A}-23hod & 4o} BEEAIZE o 8] a4k 7hvs sl
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