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SUM MARY

Ribosyl exchange reactions betwecml i)urines and purimme llucleOsid!es catalyzed by crys-
talline purine nucleoside phiospimorylase fromll calf spleen were mllarkedly stimulated by
inorganic phosphate. Immitial velocity and proc!uct imlhibition allalyses were performed for

tile enzynlic synthesis of inosine fromu ribose l-piloSl)ilnte and hvpoxanthimme. An ordered
sequential Iflecimanisnl involviiig tile isomerization of time free enzyn�e amic! tile initial com-

bination of the purine base w’itim omme of tile formils of time free emmzyme is most consistent

�vitii thmese results.

The specificity of time enzyme toward the l)UflI1C base iim tile sylltliesis of ribonucleosides

was investigated. In order of decreasing effectiveness, ribosyl acceptors were guanine, ily-

poxanthine, xanthine, 6-mercaptopurimle, and aiiopurimlol [4-hydroxypyrazolo (3,4-d) py-
rimidinej. Oxoallopuminol [4,6-dihydroxypyrazolo- (3,4-d) -l)Ym’inlidhine � a very poor

substrate. Ademmine, azatimioprine [6- (1-lmlethyl-4-nitro-5-imllid!azolyi) thiopurine�, and ura-
cii did not produce detectable amuounts of rihonucleoside. Guamlosine, deoxyguanosime,

and im�osimle were simown to be effective pentosyl donors in exchange reactions.

IN TROI)U CTION

Mammlla han pun ne mine leosi( he phospho-
rylase1 has beeml shown to catalyze ribosyl-

exchange between free bases and nucleo-
sides (1-5). Tile mechanism of this transfer

is uncertaiml. Enzymes cataiyzing trans-

deoxyribosylation reactions wilicim are in-

active toward deoxyribose 1 -phosphate
have been described! in bacteria but not in

mammalian tissues (6). Knitskii has re-
ported that inorganic l)imosphate greatly

stimulates the transnibosylation activity of
a Purifle nucleoside pimosphorylase prepara-
tion repeatedly precipitated with ammo-

ilium sulfate (1). Abrams et al. have re-

ported that a purified preparation of l)urifle
nucleoside phosphorylase from calf spleen
catalyzes pentosyl transfer from deoxy-

Purine nucleoside :orthophosphate ribosyl-

transferase (EC 2.4.2.1).

guanosine or guanosine to guanine in the
absemice of added inorganic phosphate (3).

As has been previously pointed out (7),

excilange criteria for determining mecha-

nisms must be interpreted with caution

because tileir validity depends on the corn-

plete absence of acceptor molecules froni
tile system. This meport presents studies on
rihosyl exchange reactions and the kinetics

of nucleoside syntilesis and a proposed en-
zvmne mechanism consistent with these data.
Tile specificity of the enzym��e is also re-
ported.

MATERIALS AND METHODS

Materials. Immosine w’as 1)urchlased from

the California Biochemical Corporation;
guanosine ammd deoxyguanosimle froni

Schwarz BioResearch, Inc.; #-D-rmbose 1-

phospimate, di I cycloilexylammonium) salt,
from P-L Biochemicals, Inc.; guanine-8-
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1”C, hypoxantimine-8-1�C, xanthine-8- 1”C,
and adenine-8-14C from Volk Isotopes;

uracil-2-14C and 6-mercaptopunine-8-14C
from the New England Nuclear Corpora-

tion; n-ribose-1-14C from Nuclear Chicago;
crystalline purine nucleoside pilospilorylase

(calf spleen) from the Boehringer Mann-
heiin Corp. Allopurinol-6-14C [4-hydroxy-
pyrazolo (3,4-d)pyrimidine], oxoahlopurinol-

6�14C [4,6-dihydroxypyrazolo (3,4-d) pyrim-
idine], and azathioprine-8-14C [6-(1-

methyl -4- nitro -5- imidazolyl )thiopurine]
were synthesized in tilis laboratory (8, 9)

by G. B. Elion and H. N. Yeowell.
Assay of exchange and nucleoside syn-

thesis. The assay solutions (0.25 ml) were

incubated at 38#{176}and pH 7.0. The buffer,
incubation time, concentration of sub-

strates, and amount of enzyme piotein are
specifically designated in the text. The

reactions were stopped by the addition of

0.6 ml of absolute ethanol. Aliquots of the

ethanolic solutions were spotted on What-
man 3 MM paper and developed in 5%

disodium phosphate-isoamyl alcohol (2:1,
v/v) (2 layer) in an ascending direction

for 17 hr. R� values in this solvent have

been previously reported (5). Nucleosidle
synthesis was determined! by scanning the

chromatograrns for radioactivity in an
Atomic Associates 4 Scanner (Model RSC

160).
The mate of synthesis of inosine fmom

Ilypoxanthine and rihose 1-phosphate, both

at 1 m� concentrations, was a linear func-
tion of the enzymne concentration. TJncler
these conditions, linearity was maintained

up to 50% conversion of hvpoxanthine to
inosine. This relatively wide range of lin-
earity is consistent with the fact that the

equilibrium of the reactions favors nucleo-
side syrmthesis (10, 11).

Desalting purine nucleoside phosphoryl-

ase. Boehringer Mannheim crystalline pu-
rine nucleoside phosphorylase is shipped

and st.ored as an ammonium sulfate sus-
pension. This preparatiomi was desalted by
passing it through a Sepiladex 0-100
column of dimensions 3 X 30 em equili-

brated at 23#{176}with 0.02 M Tnis-hydrochlo-

ride-buffer, pH 7.0, containing 2 mrs: mer-

captoethanol. The enzyme activity was

eluted in a single peak with the protein in
an effluent volume of 72 ml. The void

volume of the column, as determined with

blue Dextran 2000, was 52 ml. The desalted

enzyme solution was stored at -28#{176}.
At a ribose 1-phosphate and guanine

concentration of 1 m�r and pH 7.0, the
crystalline punine nucleoside phosphorylase
preparation, before Sepiladex treatment.

catalyzed the synthesis of 61 1�moles of
ribonucleoside per minute per milligram of
protein. With hypoxanthine as the sub-

strate, this specific activity value was 32.

Sephadex treatment usually resulted in the
reduction of the specific activity by a

factor of ten. The Sephadex-treated prep-

aration was used in all exchange and ki-

netic studies. The untreated preparation
was employed only for the determination of

the specificity of ribonucleoside synthesis.
Protein concentration was determined by

the metllod of Lowry et al. (12).

RESULTS

It was observed that relatively crude
preparations of purine and pyrimidine nu-

cleoside phosphorylases from guinea pig
small intestine (5) lost their ability to

catalyze ribosyl exchange between free
bases and ribonucleosides after gel filtra-

tion on a Sephadex G-100 column equihi-
brated with 0.02 M Tnis buffer, pH 7.0. This
activity was restored if inorganic phosphate

was added to time assay mixtures. These

preliminary observations suggested that

the mechanism of the exchange reaction
was via a ribose 1-phosphate intermediate.

Experiments designed to test this hypotile-

sis were performed with crystalline calf
spleen punine nucleoside phosphorylase.

In agreement with the preliminary find-

ings witll crude preparations, the ribosyl

exchange between “C-hypoxanthine an(l

inosimle catalyzedi by crystalline punine nu-

cleoside phospilorylase was greatly stimu-

lated by iIlorganic phosphate (Table 1).
Arsenate did not substitute for phosphate.
Both phosphate and arsenate flmilibited the

synthesis of inosine from hypoxanthine and

ribose 1 -pimosphate. Exchange between ri-

hose and inosine or rihose 1-phosphate was
not dietectable.



o..1

E

I
�02

I
#{149}07

I

- -‘ -

i.
I V

I
I

I
____ o.�

-a---
1 2

mM phosphat.

-1 0 1 2

mM

Fia. 1. Phiosjulmte dependence of the ribosyl exchange reaction between 11(’-hypoxanl/iine and ZflO817iC

Reactiotm mixtures contained 1 in�i #{176}C-liypoxanthine, I m� inosine, 0.01 M Tris-hydrorhloride buffer,
intl 37.4 jig of enzyme protein pr milliliter. 11w reactions were stopped after 30 mm inemihations. u is

expressed as micromoles X 10 (if ‘‘( �-1i�i)OXflh1t hine exchanged Per milliliter per 30 mm
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TAIO,F; I
/ ‘has pliate (I P1(1 (11SC?iUtC effects au (‘.1(11(111 (/1’ (((((‘ti on s

Tim final meactiomi nmixtures (0.25 nil) had a concentration of 1 ni� m4C-hypoxaimtiiiiie or ‘4U-ribose, 1 mu

inosine or ribose 1-phosph:tt e, 0.08 M butler,mind 18.7 �ig of crystalline purilme nuclco.side phosphoryla�e

l)rotein per milliliter. Cant mis lacked inosinc nnd rihose 1-phosphate. Incuhatiomis were carried out for 20
mm. ‘I’he chrommttograms �s’ere develi)ped in n-1)utanol-watcr (84: 16, v/v) in an ascending direction. R5

values for lmypoxmtnthinc, ito isine, a hose, maid rihose 1-phospli:mI e we mc 0.27, 0.12, 0.2 1, and 0, respective lv.

Iii all �ases, mumv ril(lUltt(’t iV(’ pro(lu(’I (1(1 (‘(1 tsl WUS illosIlw.

Smibsira Os lkrceiit ronverioti to otliei’ ‘4(� lmi)cled coml)oundM

1 � it’lti I

Ilypoxanthina
i{ibose

Ilypoxitmi thine

Ilibose

r\otiI:ulioa(tiVe

I IiOSiIi(’

lii(iSiTlC
11 iI)ose I 1)11(151)1111I(‘

Ilii)(is(� I l)1105l)limttC

Tris miller l’hosphatc buffer Arsenate buffer

<0.5’ 25
<0.5 <0,5 .-135

70 :i:i 14

<05 <0.5 <0.5

J�tlo�v limits of (i(’tectaiiilitv (if the imietlmod.

Kinctt(s

Time rate of time exchange meactiomm be-

tween ‘4C-hypoxantlmiimc ahi(I imiosine was

foummd! to be depcimdent on time concentration
of inorganic pilosl)imate (Fig. 1) . Time i’ecip-

rocal of time phosphate (‘omm(’dntration was a
linear fuimction of time reciprocal of time

initial velocity. Optimummi activity was at-
tained Wii(’li time piiOsi)imat(’ coimccmitrntion

:tpproacimed a stoichiornetric level.
I )omtble reciprocal plots of initmal velocity

vs imypoxantimine conccmmtration (variable

substrate) with nil)Osc l-l)ilOsl)iiittC 118 tiiP

1.0’

mlOmlVarial)Je 51hi)StI’IttC are simowmi mim Fig. 2.

At (lifferciltfixed! Comi((’mltm’atiollsof ribose

i-phosphate, tlm(’rclmitionsimip between 1/v

an(l time reciprocal of time imypoxanthinc

comicemmtration yielded a family of lines

whicim differed 1)0th in slope anti ordinate
intercept. Time samne i)attcrn was seen where

ribose 1-plmospimate was the variable sub-

strate and hypoxamltimine time nommvam’iable

substrate (Fig. 3). In botim cases, the recip-

rocal of the :tppam’ent mmiximal velocity

(ordinate mimtercel)t) w’as a linear function

of time reriiii’ocal of the mionvarifLhle sub-
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FIG. 2. Double reciprocal plots of initial velocity against hypoxanthine concentration

Reaction mixture concentrations of Tris-hydrochloride buffer and enzyme iwotein were 0.08 M and

37.5 jig/mi, respectively. Incubations were carried out for 10 mm. i is expressed as micromoles x 10 of

inosine synthesized per milliliter per minute.
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FIG. 3. Double reciprocal plots of initial velocity against ribose 1-phosphate concentration

Reaction mixture concentrations of Tris-hydrochioride buffer and enzyme protein were 0.08 M and
37.4 jig/mI, respectively. Incubations were carried out for 10 nun. v is expressed as micromoles x 10 of
inosine synthesized per milliliter per minute.
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RIBOSEiPHOSPHATE CONCENTRATION

#{149}1.39x105 M

X 2.78x105 M

A 8.34x105M

o 1.67 x 1O� M
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FIG. 4. Secondary plots of intercepts (1/V’ ,,�) of the hues in tie (10111th’ reciprocal plot. in Figs. 2

and 3 against the reciprocals of the unillinio!ar coricruu/ration.s of tiu� nonvariable sub.st rate
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centrations of ribose 1-phosphate, Tris-hydrochloride buffer, and enzyme protein were 0.33 m�m, 0.08 �t,

and 18.5 pg/mI, respectively. Incubations were carried out for 10 mm. v is expressed as mieromoles X
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10� of inosine synthesized ier milliliter ier minute.

strate concentration (Fig. 4). Likewise, time
slope was a linear function of the reciprocal

of the nonvariable substrate concentration

(Fig. 5). From the secondary plots ill Fig.

4 the concentration-indepelldent. Michaelis

constants were d!eterfllined to be 4 X 10-� M

for ilypoXamlthine ammcl 5 X 10� M for ribose

1-phosphate.

The double reciprocal plots in Figs. 6-8
SilOw the effects of time products, phosplmate
and inosine, upon the initial rate of mm-

cleoside syntilesis. With ilypoxamltlmine as

tile variable substrate, inhibition by pilOs-

pilate (Fig. 6) was clearly not of a coal-

l)etitive nature.2 A definite distimuction be-
t\Veeml umlcomllpetitive and noncomnpetitive

inhibition canmlot i)e made from the data,

although the slopes of tile two lines appear

Inhibition Will 1)e called COmfli)CtitiVe, uncom-

petitive, or noncompetitive, respectively, when

the slope, ordinate intercept, or both, of lines

resulting from double reciprocal plots are a ftmne-

tion of the inhibitor concentration.

4.OxlO3M

similar. With hypoxanthine as the variable
substrate, inilibition by inosine (Fig. 7)

was noncompetitive. At this concentration

of ribose 1-phospimate (2 mM), apparent

product activation was obtained at high

hypoxanthine concentrations and tile

double reciprocal plots departed from line-

arity. Time intercept amId slope of tile lineam
mange of eacil double reciprocal i)lot was a
limuear function of time inosine concentration

(Fig. 7). With ribose 1-plmosphate as the
variable substrate, inhibitioml by inosine

(Fig. 8) was iiot of a commll)etitive nature
since time apparemmt maxnnal velocity was

lowered!. The apparent activation at low
ribosc 1-phospimate colmcemltmations is illost

probably a result of tile ambigumity inheremlt
in the method emllployed to (letermrnne nu-
cleoside syntilesis. Ribosyi excimange and
net nucleosidle synthesis are not distingimisil-

able by tilis method. Witil ribose 1-phos-

phate as the variable substrate, inilibitiolm
by inorgamlic phosphate (Fig. 8) appeared
competitive. However, a rigorous distinc-
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Fuc. 7. Prodact inhibition by inosine

Double reciprocal plot of initial velocity against hypoxanihine concentration. Reaction mixture con-

centrations of ribose 1-phosphate, Tris-hydrochloride buffer, and enzyme protein were 2.0 m�, 0.08 M,

and 18.5 ,ag/ml, respectively. Incubations were carried out for 15 nun. v is expressed as micromoles X

102 of inosine synthesized per milliliter per minute.

tion between competitive and noncompeti-

tive inhibition cannot be made from the
data. Fitting by the method of least-squares
yielded lines which had close but not
identical ordinate intercepts.

Substrate Specificity

Table 2 presents the rates of ribonucleo-

side synthesis catalyzed by crystalline pu-
rine nucleoside phosphorylase from ribose

1-phosphate and l’lC_base, both at 1 m�i
concentration. Guanine and hypoxanthine
were the best substrates. Tinder these con-

ditions, allopurinol was converted to the

ribonucleoside at approximately 1/10th the

rate of its analog, hypoxanthine; and oxo-

allopurinol at approximately 1/3000th the
rate of its analog, xanthine. 6-Mercapto-
purine was converted to the ribonucleoside

at 1/4th the mate of hypoxanthine. No de-
tectable products were formed w’ith aza-

thioprine, adenine, or uracil.

Inosine, guanosine, and deoxyguanosine

were effective pentosyl donors with both

hypoxanthine and guanine in the presence
of added inorganic phosphate (Table 3).

No exchange could be detected with any

combination of these donors and acceptors
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Fio. 8. Product inhibition by inorganic phosphate and inosine

Double reciprocal plot of initial velocity against ribose 1-phosphate concentration. Reaction mixture
concentrations of 14C-hypoxanthine, Tris-hydrochloride buffer, and enzyme protein were 0.206 mar, 0.08

M, and 18.5 pg/ml, respectively. Incubations were carried out for 10 mm. v is expressed as micromoles

x 10’ of inosine synthesized per milliliterper minute.
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in the absemlce of added inorganic phos-

pilate.
The crystalline purine nucleoside phos-

phorylase preparation contained no pyro-

phosphorylase or xanthine oxidase activity.

Inhibitors

Diisopropyl phosphorofluoridate (1 m�i
reaction mixture concentration) did not in-
hibit the catalysis by purine nucleoside

phosphorylase of exchange betweemm imypo-
xanthine and inosine or the synthesis of

iflosine from ribose 1-phosphate and imypo-

xanthine.

DISCUSSION

The nomenclature of Cleland (13) will

be employed throughout this discussion.
The nucleoside synthesis and phosphorol-

ysis catalyzed by purine nucleoside pilos-

phoryiase involves two substrates and two
products. The reaction will therefore be

referred to as “Bi Bi.”
The kinetic patterns imi Figs. 2 and 3 fit

the rate equation of the form:

V max

= 1 + KA/(A) + K11/(B) + KAB/(A) (B)

(A) and (B) represent tile concentrations

of time two substrates; K� and K� represent

time corresponding Micilaelis constants;

while K� equals KA�Kfl.

It is apparent fromiu this rate equation

that both time slopes and intercepts of the
lines resimlting fmonl double reciprocal plots

are functions of the concentration of either
substrate when it is tmcated as the non-
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TABLE 2

Specificity of pu rine nucleosith. phosphory!ase

for ribon ucleoside synthesis

Reaction mixtures ha(l a final concentration of

1 m�m ribose 1-phosphate, 1 m�i m4C-ribosvl acceptor,
and 0.02 M Tris-hydroehloride buffer. The reactions

were stopped after incubation for 20 mm. With
guanine, the reaction mixture concentration was

0.67 m�i because of its low sohmhilitv.

I�eact ion niix- I ii)iinueleosi(le

ture Illoteili fiirmed
ii isvl ci iIi(eIil rat 0)11 (ummdes/m! /

accej)tOl (pg/nil ) 1)IotCili/rniIi

Guanine 0.30 61

Hypoxant hine () 14, 0.30, h) 6() 32

Xanthine 14 15

6-Mercaptopurine i .4 S.5

Allopurinol 1 .4, 6.0 3.

Oxoallopurinol 300 0,005

Adenine 6() <0.04

Azathiopritte 3(X) <0. 000S

Uracil 30() <0. 000S

variable substrate. If a “�)ing pong’ or

shuttle illecilanism were operative, time term

RAn

(A) (B)

would be absent fmonl tile rate equatioml,

and the kimletic patterns would be those in
which tile intercepts, but not time slopes of

the lines, would! be a function of the con-

centrations of time nommvamiable substrate.

The ieaction mechanism must therefore he

of a sequmential type.

Product imlimibition pattemmls of sequential

Bi Bi mechanisms can dmstimlguish among

all bumt two mecimamsms (13) . The presemlt

data (Figs. 6-8) eliminate mechanisms in-

volvimmg more tlmaml one substrate-product

pair which show commipetitive inilibition.

This leaves two classes of sequential mech-
anismmms for cOmlsidleratiOil ()rdemedl Bi Bi

and! Iso Ordered Bi Bi. Eacim Ordered Bi Bi
mechanismil lmas two possii)le a(ldition Se-

An iso Theorell-Chance mechanism is a limit-

ing case of an Iso Ordered Bi Bi mechanism where

the concentration of the ternary complex is nil.

The data (Fig. 8) cannot rigorously distinguish

between competitive and noncomnpetitive inhibi-

tion ; and therefore between Iso Ordered and Iso
Theorell-Chance nuchanismris.

TABLE 3
Specificity of iihosyl exchange 1(a(tiOFls cit/al /12(11

by pu rine n ucleoside phosp/ioryla.se

The final reaction mixtures (0.25 ml) had a con-

centration of I mn ‘4C-hvpoxanthine or 0.67 m�i
m40...guanine, 1 m�m rihosyl donor, 0.08 M buffer, and

18.7 pg of crystalline purine nucleoside phosphor-
vlase protein ier milliliter. Controls lacked a rihosvl
donor. Incuhations were carried out for 20 mm.

‘G-Nucleoside

m4C-ribosvl

acceptor Ilibosyl donor

formed %

Phos-

Tris phate
buffer buffer

IIyl)oxallthille In()simie <0. 5� 9

Hypoxanthiiic Guanosine <0.5 6
Hypoxanthine 1)eoxyguanosine <0. 5 4
Guanine inosine <0.5 14
Guanine Gimanosine <0.5 16
Guanine Deoxyguanosine <0.5 16

Below limits of detectability of the method.

quences, timerefore four alternatives must

be considered.
An Ordered Bi Bi mccllanisnl wilere imy-

poxanthine initially combimles with the free
eilzyrfle, is not consistent with the non-

competitive inhibition between inosine and

hypoxantimine (Fig. 7). If this mechanism

\#{231}�fl� operative, competitive imlilibitiOlm

should have beeml observed.

Orderedi Bi Bi and Iso Ordered Bi Bi
mechanisms involving tile initial additioml

of ribose 1-phosphate are not consistent

witil time following considerations.
1. Inorganic phosphate is required in

stoiciliometric amounts for optimal ribosyl

exchamlge (Fig. 1). In adiditioml, arsenate

camlnot substitute for phosphate in this re-

actioml (Table 1). rfh(e observations

strongly suggest that a free ribose 1-phos-

pilate intermediate is imlvOlved in ribosyl
exchamlge reactions catalyzed! i)y purine mm-

cleoside phospimorylase.

2. Kalckar (14) observed that a pu-

mine nucleoside phosphorylase j)reparatiOml.

treated! W’itil activated! charcoal to free it
of any clinging base or nucleoside, cata-
lyzed a slow exchange of radioactive phos-

phate witll mibose 1-phosphate. This obser-
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vatioii is difficult to explain by an exchange
mechanism which involves free purine base

and nucieoside intermimediates. This observa-

tion, however, is consistent with a mecha-

nismu involvmg bimlary enzyme-base and
enzynie-nucieoside intermediates.

3. Lampen observed (15) timat arsemlolysis
of ribose 1-pilosphate by purified nucieo-
sidases requires a small amount of added

base; that this arsenolysis was considerably

nlom’e rapid timan tile arsenolysis of nucleo-
sides; ammd that cleavage of time nucleosides

was inllibited by concemltrations of the free
base which did not prevent arsenolysis of

tile ester. These observations are not con-
sistemlt witlm mlleclmanisms wimere mibose 1-

phosphate conlbimmes with time free enzyme.
The remllaining alternative, an Iso

Ordlere(! Bi Bi niechanism Fig. 9) involv-

B

I B
ER

P

BR (FB.R) P

Fmc. 9. Schematic repie.�entution of (111 iso

()cdered Bi Bi mechanism for purine ?l

P/i osphorylase

.E and F represent isomneric forms of the free

enzyme; P, phosphate; B, the purine base; arid H,

the pentosyl moiety.

ing an isomerization of time free enzyme and

tile initial combination of tile purine base

with one of the forms of the enzyme, is

most consistent with the data available

at the present time. This mechanism is
strongly supported! by tile observations of

Pinto and Touster (4) tilat a highly pun-

fled PreI)aration of punimme nucleosidle phos-
pimorylase exists in separable and! inter-

convertible pimospimorylase and! transferase

formlls, and! that hypoxanthine induces the

transfOrnlatioml to the tI11ll5f(�r1i5e 101111.

lime emmzyn�e fonmils desigimated E amil F in

Fig. 9 would correspomid to timcse tramisferase

and l)hmOsl)ilolYlase formlls, respectively. It
would be of interest to investigate tile

�)OSsibility timat the apparent product acti-
vation observed at high concentration of

ribose 1-i)ilOSl)ilate and lmypOXantiliile (Fig.
7) mniglmt be clue to substrate effects omm the

isoiiiem�izatiomi between time l)ilosPlmorYlase

aml(! transferase forms of time enzyme.

Fiers and de Bersaques (16) have studied

time kinetics of the arsemlolysis of immosine

catalyzed by a pum’ine nucleoside phospho-
rylase 1)reparation fronl humillami skill. They

interpret their data as favoring a mnecha-

nismii winch involves the formation of a

single ternary complex by on(!ered aclditiomm

\Vitll time initial addition of pimospimate.

KilIl et al. (17) have recently proposed

an ordered mmlecllamlismn for pumrimme nucleoside

phosplioryhtse from imumnan erytimrocvtes, in
wimich the hiudleoside is time first substrate to

l)in)! 1111(1 time punine base is the last product

to dissociate.

�1he si)ecificity of punine mitmcleoide Phos-

�mlmorylase for mibonumcleosic!e synthesis
Table 2) agrees with our previous finding

5 ( timat. allopumnimlol is a mumch better sub-

strate for timis emizvme than is oxoallo-

Purinol. The iimabilitv of time S-substitutec!
derivative of 6-mercaptopunimme, aZatlliO-

prune, to act. as a substrate for tlmis enzyme
is consistent with time observations timat the
nuhomlucleoside of 6-methyltimiopunine is not
cleave(i by cells wimich comitaimm pu�mne mm-

cleoside pho�ilmorylase (18, 19) . it is also
of immterest timat adenine is not efIectivelv

comiveiteci to a nibonucleoside 1w this en-

�vme. Time observatiofl that crvsta lime pu-

nine nucleoside PimOsPiiOiylase camm catalyze

pemltosyl transfer (Table 3� from both
guammosine amid deoxyguanosine is commsistemlt
Witil time conclusions of otimer workers that

the activity toward dleoxynibonucleosides

amld nibonucleosides are properties of the

sanie enzyme (10, ii, 20, 21).
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