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INTRODUCTION 

Since the first demons t ra t ion  by  KALCKAR 1 of a phosphorolytic pa thway  in the 
enzymic cleavage and  synthesis of pur ine  ribonucleosides a n u m b e r  of reports have 
appeared describing ribo- and  deoxyribonucleoside phosphorylases from various 
sources 2. While  the phosphorolytic enzymes act ing on pur ine  nucleosides have been 
clearly dis t inguished from those act ing on the pyr imidine  analogues, informat ion  
concerning their specificities with respect to the carbohydra te  moie ty  has been less 
conclusive. The recent development  of the syntheses of a-D-ribofuranose-I-phosphate 3, 
a na tu ra l  subst ra te  for the ribonucleoside phosphor3~lases, and  related sugar phos- 
phates4, 5 led us to examine further  the quest ion of subst ra te  specificities of the enzymes 
of this group. In  the present communica t ion  we report on the purification of a 
"pyr imid ine  deoxyribonueleoside phosphorylase" from Escherichia coli, which, while 
tolerat ing a var ie ty  of subs t i tu t ion  in the pyr imidine  ring, has been found to be 
absolutely specific for deoxyribose- i-phosphate .  Previously,  M.aNSON AND LAMPEN ~ 
delnonst ra ted  the existence of purine and pyr imidine  nucleoside phosphorylases in 
E. coli. They  implicated only one enzyme in the phosphorolysis of bo th  the ribo- 
nucleosides and deoxyribonucleosides. PAEGE AND SCHLENK 7 have independent ly  
reported on the isolation and purification of a different enzyme from the same source 
which they te rmed "ur id ine  phosphorylase"~ 

MATERIALS AND METHODS 

Cultivation o/cells 
Escherichia coli, strain B, was grown aerobically in an inorganic salts-glucose medium and 

the cells harvested by eentrifugation. The cell paste obtained was stored frozen for use as required * *. 

Alaterials 
Pyrimidines and nueleosides used were commercial preparations. 
l)eoxyribose-t-phosphate samples were the gifts of Dr. M. FRIEDKIN, Washington University 

School of Medicine, St. Louis, and Dr. H. L. A. TARR, Pacific Fisheries Experimental Station, 
Vancouver. 

D-ribopyranose-l-phosphate, fl-D-ribofuranoseq-phosphate, D-arabinofuranose-l-phosphate, 
L-arabinoluranose-i-phosphate, i)-arabinopyranose-I-phosphate and a-D-ribofuranose-l-phos- 
phate were synthesized in this Laboratory a-5. 

* This work was supported by a grant from the Canadian Cancer Society, 
* * We are indebted to 1)r. ARTHUR KORNBERG, Washington University School ol Medicine, 

St. lxmis, for tile cells used in the later stages of this work. 
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We are g ra te fu l  to  Dr. J. J. F o x  of the  S l o a n - K e t t e r i n g  I n s t i t u t e  for a gif t  of ~-fl-D-xylofura- 
n o s y l t h y m i n e .  

,4 ssays 

Arsenolys i s  of t h y m i d i n e ,  accord ing  to  the  p rocedure  of FRIEDKIN AND ROBERTS 8, was  
e m p l o y e d  to  follow the  pur i f i ca t ion  of the  p y r i m i d i n e  deoxyr ibos ide  phosphory lase .  To 0.2 ml of 
o.I M s u c c i n a t e -  o . i  3 I  p o t a s s i u m  a r s e n a t e  buffer, p H  6, c o n t a i n i n g  32 / ,moles  t h y m i d i n e  per  
ml  was a d d e d  w a t e r  and  enzyme  to a final vo lume  of o. 4 ml. Samples  of o.o 5 ml  were r emoved  
i m m e d i a t e l y  a f te r  the  a d d i t i o n  of e n z y m e  and  a t  s u b s e q u e n t  i n t e rva l s  (usual ly  2, 5 and  io  min.) 
and  were t r ans fe r r ed  d i r ec t l y  to  0.95 ml of 0. 3 N N a O H  in si l ica cuve t tes .  The r a t e  of t h y m i n e  
release was  ca l cu la t ed  f rom the  increase  in abso rbance  observed a t  30o m/~ (A E m =  36IO). The  
reac t ion  in the  d i rec t ion  of syn thes i s  was  fol lowed by  measu r ing  the  fo rma t ion  of PI b y  a modifi-  
ca t ion  of the  p rocedure  of FRIEDKIN 9. To 0. 3 ml  of a sohi t ion  con ta in ing  i .5 / ,moles  of py r imid ine ,  
i .  5 /~moles of pen tose  p h o s p h a t e  a nd  5 o /zmoles of t r i s  ( h y d r o x y m e t h y l a m i n o m e t h a n e )  buffer, 
p H  7.4, was  added  w a t e r  a nd  e n z y m e  to o. 4 ml. Al iquo t s  of o.o 5 ml were t r ans fe r r ed  to o.o 5 ml of 
o. 5 M MgC12-5.o 34 NH~CI, mixed,  s to red  o v e r n i g h t  a t  4 °, and  cent r i fuged.  The p rec ip i t a t e s  were 
resuspended  in  o. t  ml  of 0.25 ~V/ MgCI2-2.5 3,I NH4CI , s tood a t  4 ° for 4 h, a n d  cent r i fuged.  The 
final p r ec ip i t a t e s  were d isso lved  in  6 % HC104 and  PI d e t e r m i n e d  by  GOMORI'S 1° procedure.  

Ur id ine  phosphory l a se  a c t i v i t y  was  measu red  s imi l a r ly  by  rep lac ing  t h y m i d i n e  by  ur id ine  
and  obse rv ing  the  increase  in abso rbance  a t  290 Int, (A E m =  541o) due to  uraci l  format ion .  

All i ncuba t i ons  were a t  37 ° . 
All m a n i p u l a t i o n s  were  car r ied  ou t  in an  ice b a t h  or a cold room (2°). 

EXPERIMENTAL AND RESULTS 

Enzyme purification 
Extracts were prepared by sonic oscillation of cells resuspended in 0.05 M 

potassium phosphate buffer, pH 7.3, containing 0.02 M cysteine (50 ml/g cell paste)*, 
and the debris sedimented by centrifugation (7000 × g, 20 mini. 

Ammonium sulfate fractionations both before and after protamine treatment 
(to remove nucleic acid) yielded a preparation containing both uridine and pyrimidine 
deoxyriboside phosphorylases, which could only be separated by adsorption and 
elution from alumina C~, gel; but if the original cell-free extract was acidified to pH 
4.8 with 2 N acetic acid in the cold, a large precipitate formed, carrying down all the 
uridine phosphorylase and leaving the pyrimidine deoxyribonucleoside phosphorylase 
in solution. The sequence of fractionation procedures finally employed was as follows. 
(For results see Table I.) 

T A B L E  I 

P U R I F I C A T I O N  O F  P Y R I M I I ) I N E  D E O X Y R I B O N U C L E O S I I ) E  P H O S P t l O R Y L A S E  

Preparation 
Specific Total 

Volttme Pro te in  activity **nits 
ml mg.'ml l*moles/h/mg 

protein I°n°lcs,"h 

1. Superna te ,  7000 × gl 2 0 m i n .  15o 14.o 9.3 I9,5 oo 
2. p H  4.8, p rec ip i t a t e ,  red isso lved  ioo  17 1.7 3,000 
3. p H  4.8, s u p e r n a t e  IOO 5.0 32 10,ooo 
4. p r o t a m i n e  s u p e r n a t e  of No. 3 12o 3.6 36 15,6oo 
5- (NHz)2SOa, 0-4-0.7 sa td .  ppt .  

of No. 4 4 ° 5 .o 7 ° 14, too 
6. Dowex- i  co lumn peak  from 

I o m l o f N o .  5 5.0 .28 152o§ -- 

§ Ur id ine  phosphory la se  ~ 7- 

* I t  was found to lie i m p o r t a n t  to  m a i n t a i n  a high c~)ncentration of cvs te ine  in all so lu t ions  
of the  enzyme.  
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To the supernate obtained after centrifuging the sonicated cell suspension, 2 N 
acetic acid was added dropwise, with stirring, until the p H  fell to 4.8. Stirring was 
continued about 5 rain or until all clumps of precipitated material were evenly 
dispersed. Centrifugation (IO,OOO × g, IO rain.) yielded a clear amber supernate con- 
taining 25 % of the protein and 82 % of the pyrimidine deoxyribonucleoside phos- 
phorylase, and a grey precipitate. The supernate was adjusted to pH 6 with N KOH 
and to every IOO ml was added IO ml of protamine sulfate, pH 5 (20 mg/ml)*. The 
mixture was stirred for IO min and centrifuged (7,000 × g, 5 min). Some protein and 
9 ° % of the nucleic acid was removed in this way. The supernate was fractionated with 
solid ammonium sulfate, the precipitate obtained between 0.4 and 0.7 saturation 
being dissolved in 30 ml of 0.o2 M sodimn acetate -o.o2 M cysteine buffer pH 6.8 and 
dialyzed against the same buffer for Io h. One quarter of the resulting solution was 
added to the top of a column of Dowex-I, 2 O//o cross-linked, exchange resin (15 cm × 
2 cm diameter) equilibrated with 0.02 M acetate -o.oz M cysteine, pH 6.5. About 
20 ml of water and then 5oml of 0.02 M sodium acetate -o.oi  M cysteine, pH 6.5, were 
run into the column, followed by o.I M sodium acetate -o .oi  M cysteine, pH 5-5. 
Fractions of about 5 ml were collected and both the protein concentration and 
pyrimidine deoxyribonucleoside phosphorylase activity were determined for each 
fraction. The results are shown in Fig. I. Unless the uridine phosphorylase was 
removed by means of the acid 
precipitation step, both en- 
zymes were eluted together 
from the column. I 1.6- 
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In "fable II  are the results of testing various pyrimidines with deoxyribose-z- 
phosphate and ribose-I-phosphate. The lower specific activity observed in the direc- 
tion of synthesis appears to result from the approach to equilibrium, since the rate of 
Pi formation decreased rapidly. It  is evident that no measurable reaction occurs 
with ribose-I phost~hate. Furthermore, no Pi was formed in reaction mixtures con- 
taining thymine, enzyme (85 /\moles/h/rag protein) and D-arabinofuranose-i-phos- 
phate, l.-arabinohlranose-I-phostfllate, D-arabinopyranose-i-phosphate, i)-ribopyra- 
nose-I-tfl~osphatc or/q->-rilxffuranose-l-phosphate. Since xylose-I-phosphate was not 
available, evidence was sought for the phosphorolysis of xylofuranosylthymine under 
assay conditions identical for thymidine, but no reaction was observed. 

* T h e  p r o t a m i n e  w a s  t h e  g e n e r o u s  g i f t  o f  t h e  E l i  [Al ly  ( ' o .  
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TABLE II 
NUCLEOSIDE SYNTHESIS WITH VARIOUS PYRIMIDINES 

Enzyme cOnCh. Rate 
Pyrimidine P entose- z - P l,g/nil l~m°les / h /mg 

protein 

Thymine D-I-P* 9.4 360 
Uracil D- I-P 9-4 35 o 
2-Thiouracil D-I-P 9.4 268 
5-Aminouracil D- i-P 9.4 413 
5-Bromouracil D-I-P 9.4 t 14 
2-Thiothymine D-I-P 9.4 247 
Thymine R-I-P** 94.0 < 5 
Uracil R-I-P 94.o ~ 7 
2-Thiouracil IR-I-P lO8.O 8 :t: i 

In 0. 4 ml: 1.5/zmoles pyrimidine, 1.5 #moles pentose-i-P (cyclohexylammonium salt), 5 ° ttmoles 
trishydroxymethylaminomethane. HC1, pH 7.4, enzyme (specific activity i2io ! , m o l e s / h / m g ) .  
Aliquots were transferred to an equal volume of 0. 5 M MgClz-5.o M NH4CI, mixed, stored overnight 
at 4 °, and centrifuged. The precipitates were resuspended in o.25 M MgCIz-2. 5 _M NH4C1 and 
stood at 4 ° for 4 h, then centrifuged. The final precipitates were dissolved in 6 % HCIO a and Pi 
determined by GOMORI'S 1° procedure. 

* Deoxyribose-I-phosphate. 
* * Ribose-i-phosphate. 

No phosphoro lys i s  of deoxyguanos ine ,  deoxyadenos ine ,  the  corresponding r ibo- 
sides, inosine, or  deoxycy t id ine ,  was found with  the  purif ied enzyme.  

Confi rmat ion oI the  react ion,  t hymid ine  + Pt  ~ t hymine  + deoxyr ibose - I -phos -  
phate ,  was ob ta ined  b y  phosphoro lys ing  t h y m i d i n e  (assay condit ions,  except  a rsenate  
rep laced  b y  Pl), and  iso la t ing  deoxy r ibose - I -phospha t e  as the  cyc lohexy lammonium 
sal t  according  to the  p rocedure  of FRIEDKIN AND ROBERTS 8. 

U r i d i n e  p h o s p h o r y l a s e  

A n u m b e r  of exper imen t s  were per formed  wi th  the  p rec ip i t a t e  ob ta ined  at  p H  
4.8, which conta ins  some pyr imid ine  deoxyr ibos ide  phosphory lase  (1. 7 /~moles /h/mg)  
as well as the  ur id ine  phosphory lase  (0.96/~moles/h/mg).  Since PAEGE AND SCHLENK 7 
showed tha t  the  ur id ine  phosphory lase  was inac t ive  towards  t hymid ine  and  cyt id ine ,  
bu t  d id  no t  examine  the  reac t ion  be tween t hymine  and  r ibose - I -phospha te ,  we have 
incuba ted  t hymine  and  r i bose - i -phospha t e  wi th  the  f ract ion precipi t .ated at  p H  4.8. 
No reac t ion  was observed  (less than  0.02 /~moles/h/mg), ind ica t ing  t ha t  the  ur idine 
phosphory lase  possesses grea te r  specif ic i ty  towards  pyr imid ines  than  does the  
pyr imid ine  deoxyr ibos ide  phosphorylase .  

DISCUSSION 

The resul ts  repor ted  above  demons t r a t e  tha t  this  purif ied E .  c o l i  prepa ra t i on  is specific 
for deoxyr ibose - I -phospha te ,  but  will to lera te  a va r i e ty  of subs t i tu t ion  in the  pyr imi -  
(line base. The name " p y r i m i d i n e  deoxyr ibonueleos ide  phosphory lase"  is suggested 
for the  enzyme.  

This  enzyme obvious ly  differs from tile "ur id ine  phosl~horylase" tmrified by  
P.\vx;F, .\El) SCHI.~NI< 7, bu t  it  was not  clear whether  their  p repa ra t ion  was corre- 
spond ing ly  specific for r ibose - I -phospha te .  Since our exper imen t s  wi th  the  fract ion 
rich in  ur id ine  phosphory lase  showed tha t  t hymine  does not  replace uracil in a react ion 
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with ribose-i-phosphate,  the lack of thymidine phosphorolysis may be due to 
specificity for the base alone. In this connection the formation of thymine riboside 
from thymine, inosine and traces of inorganic phosphate, reported by  LAMPEN 11, is 
difficult to explain. If  a phosphorolytic mechanism is involved in the synthesis of this 
riboside, it is not due to either uridine or pyrimidine deoxyribonucleoside phos- 
phorylase. 

Although present evidence indicates the existence in bacteria of specific enzymes 
for pyrimidine ribosides and deoxyribosides, the situation is less c~ear with phos- 
phorylases of animal tissues. The "thymidine phosphorylase" preparation obtained 
from horse liver by FRIEDKIN AND ROBERTS s is not absolut.ely specific for deoxy- 
ribose-i-phosphateS, TM. The "uridine phosphorylase" preparation obtained from rat  
liver by  CANELLAKIS 15 has not yet been tested for its specificity toward sugar phos- 
phates. 

Information is also lacking on the specificity of purine nucleoside phosphorylases 
toward sugar phosphates. The only evidence available is from the data obtained by  
FRIEDKIN AND KALCKAR 14 who used a partially purified liver enzyme. They showed 
that  the Michaelis-Menten constants for hypoxanthine riboside and deoxyriboside 
were the same and that  a system saturated with one substrate did not release purine 
bases any more rapidly upon the addition of the other. They were thus led to conclude 
that  only one enzyme was functioning. I t  is possible that  further studies on the purine 
nucleoside phosphorylases of E. coli would reveal more than one enzyme for the two 
series of purine nucleosides. 

SUMMARY 

I. By methods  including ch romatography  on an anion exchange resin, an enzyme which 
catalyzes a reversible phosphorolyt ic  cleavage of pyrimidine deoxyribosides has been purified 
i64-fold from sonic extracts  of Escherichia coll. The rate  of thymidine  arsenolysis is 152o/~moles] 
h / m g  protein.  

2. The enzyme is absolutely specific for deoxyr ibose-I -phosphate .  Thus  no reaction is observed 
with r ibose- l -phospha te  or other  pen tose- i -phospha tes .  A number  of pyrimidines other  t han  
thymine  serve as acceptors of deoxyribose. 

This  enzyme is distinct from the uridine phosphorylase  previously reported in E. coll. 
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