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SUMMARY

Thymidine phosphorylase (thymidine orthophosphate deoxyribosyltransferase,
EC 2.4 2 4) has been approximately 500-fold purified from adult rabbit ltver and the
kinetics of the conversion of thymine to thymidine, with deoxyribose-1-phosphate as
deoxyribosyl donor, are presented The reaction 1s subject to inhibition by high concen-
trations of thymine and this inhibition is modified by urea or low pH The mhibition
persists when the reaction 1s carried out 1n 0 5 M NaCl The effects of both thymine and
urea are immediately reversible, and the mhibition by thymine 1s non-competitive
with respect to deoxyribose-1-phosphate

INTRODUCTION

Thynudine phosphorylase (thymidine :orthophosphate deoxyribosyltransferase,
EC 2 4 2 4) catalyzes the reversible conversion of thymine to thymidine when de-
oxyribose-1-phosphate 1s the deoxyribosyl donor! Associated with this phosphorylase
activity 1s a transferase function which uses a pyrimidine deoxyribonucleoside as the
deoxyribosyl donor? These reactions are shown below

" Phosphorylase’’
synthetic
thymine 4 deoxyribose-1-phosphate = thymidine + 1norganic phosphate (1)
degradative
“Transferase’’
synthetic
thymine 4 pynimidine deoxyribonucleoside —- = thymidine 4- pyrimidine base (2)
degradative

Neither the relative importance of these reactions, nor their mechanistic relationship
1s known

Recent studies of the enzyme from Tetrahymena pyriformis®* and human
leucocytes® have demonstrated complex kinetics for these reactions Various substrates
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and products of the reactions act as mhibitors, and certain of these inhibitions are
modified 1f the reactions are carried out in the presence of urea or low pH (pH 3.5)
(ref 3). This paper describes the characteristics of the synthetic phosphorylase reaction
(Reaction 1) as catalyzed by enzyme partially punfied from rabbit liver Inhibition by
thymine has been observed, and 1t is modified by urea and pH. Furthermore, sensitivity
to thymune 1s apparently stabilized in the presence of 0.5 M NaCl. The characteristics
of the rabbit liver enzyme are similar to those of enzymes from other sources. We have
also found that thymidine phosphorylase 1s precipitated by Zn?*; the enzyme being
recovered intact from the precipitate by treatment with EDTA

MATERIALS AND METHODS

Thymine, thymidine, (NH,),S0O,, sucrose, and urea were obtained from Mann
Research Corp. 2-Deoxy-e-D-mibose-1-phosphate, as the dicyclohexyl ammonium salt,
was from the California Corp for Biochemical Research. Irmidazole was a product of
Eastman Organic Chemicals. Sephadex G-25 (coarse) and G-zo00 were obtamed from
Pharmacia and DEAE-cellulose was from Schleicher and Schuell Protamine sulfate
was from Lilly, and [2-1*C]thymine (20 uC/umole) was from Schwarz BioResearch, Inc

Enzyme assay

We have used a spectrophotometric assay, which takes advantage of the differ-
ential absorption characteristics of thymine, and thymidine, in an alkaline medium®
The reaction was followed by observing the change in absorbance of the reaction
samples with respect to time at 4 = 300 mu The enzymatic activity was proportional
to AAyg mp Wwhen A Ayggmp = A sampie)— 4 zero timey The thymidine formed was calcu-
lated from the 44 at 300 mu = —3 60, when one pmole of thymidine was formed
The isosbestic pont of the pyrimidine base and deoxyribonucleoside spectra, 4 =
279 mu, was also monitored to assure specificity to the assay. A similar assay has been
previously used to quantitate the conversion of uracil to deoxyundine?. The accuracy
of the spectrophotometric assay was validated by comparison with a radioactive assay
Using [2-*C]thymine as a radioactive marker, incubation samples were obtained
simultaneously for each assay. The samples for analysis of radioactivity were deprotein-
ized by the addition of one-thurd volume of 4 M HC1O,, following addition of non-
radioactive carrier thymine and thymidine After chilling, the precipitate was removed
by centrifugation, and the supernatant was neutralized with 4 M KOH. The pre-
cipitated KCIO, was removed by centrifugation; the supernatant was applied to
Whatman No. 1 paper, and the chromatograms were developed by descent of the
organic phase of equilibrated ethyl acetate-water—formic acid? (12:7.1, vjv/v) for
8 h. The chromatograms were air dried and the ultraviolet-absorbing spots were
localized using an ultraviolet source (Mineralight) The spots were cut out; pyrimidine
was eluted from the paper with water, dried on copper planchets, and counted as
described previously®. Excellent agreement was obtained between the spectrophoto-
metric and radioactive assays.

The standard reaction mixture contained o0 0025 M thymine, 0.0r M deoxyribose-
I-phosphate; 0.05 M 1midazole, pH 6 5, and enzyme protein in a final volume of o 1
to 0.4 ml The reactions were carried out at 37° in stoppered glass tubes containing air.
Duplicate 0 015- to 0 04-ml samples were withdrawn immediately following initiation
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of the reaction and at various times thereafter, usually at 5 and 10 mun The samples
were pipetted directly into enough 0 3 M NaOH to give a final volume of 1.0 ml
Spectrophotometric readings were taken at 1 = 279 my and 300 mu, using matched
silica cuvettes, with a light path of 1 cm, at room temperature, 1n a Gilford Model 220
spectrophotometer, immediately followimg completion of the incubation No changes
n the readings were noted 1if the samples were allowed to stand for several hours
Sample size was adjusted, when possible, so that the 4449y m, 10 the first 10 min of
the reaction was at least 109, of the starting 4,,, mu of the reaction sample

Enzyme purification

Livers were obtained from New Zealand White rabbits (2—3 kg) killed by air
mjection into the marginal vem of the ear. The livers were trimmed of excess fat and
connective tissue, the gall bladders were removed, and the livers were stored at—10°
until use No loss of enzymatic activity was noted following 6 weeks storage at —10°,
although livers which had been stored for longer were discarded

For each purification, 5 to 15 livers were thawed and added to two volumes of
0 05 M mmdazole, pH 6 5; 0 oot M EDTA, 0 06 M sucrose The data reported in this
paper were obtained from 5 separate purifications. Table I illustrates the results of a
typical purification The livers were homogenized 1n a Waring blendor for 3 mun at 4°,

TABLE I

PURIFICATION OF THYMIDINE PHOSPHORYLASE

Enzymatic actrvity was analyzed by the spectrophotometric method described mm METHODS
The reaction mixtures contained o o5 M imidazole, pH 6 5, 0 0025 M thymine, o ot M deoxy-
ribose-1-phosphate, and enzyme protemn

Fraction Volume  Protein Enzyme units Specific Yield Purifi-
(ml) concentration —— achivity (% cation
(mg|ml) total  per mi (unitsfmg)
I Crude extract 1200 6.4 847 o 70 00II 100 —
Il 15000 X g super-
natant 850 33 053 077 0023 77 21
III Protamine sulfate
supernatant 650 27 603 093 0034 71 26
IV 25-509; satu-
rated precipitate 142 29 552 39 013 65 11 8
V Zinc sulfate pre-
cipitate, dialyzed 17 19 339 199 105 40 955
VI Sephadex G-z5 35 48 317 96 19 37 173
VII DEAE-cellulose 5 1 298 3596 54 35 491

and the crude extract was centrifuged for 3o min at 15 000 X g in a refrigerated
centrifuge The supernatant was decanted, brought to a final concentration of 5 g/l
with respect to protamine sulfate, and allowed to chill 1n an 1ce bath for 30 mm with
constant stirring The precipitate was removed by centrifugation and sohd (NH,),SO,
was added to 259, of saturation calculated at 4° (ref g) After chilling for 60 min in
an 1ce bath, the precipitate was sedimented by centrifugation The supernatant was
brought to 509, saturation with respect to (NH,),50,, allowed to chill in an ice bath
for 4 h, and the precipitate was recovered by centrifugation at 15 000 X g for 30 min
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The precipitate was dissolved in a mimmal amount of the homogenizing buffer; the
solution was made 0 03 M with respect to zinc sulfate (1 M), allowed to chill in an 1ce
bath for 1 h, and the precipitate was recovered following centrifugation at 4° The
precipitate was dissolved 1n o o5 M imidazole, pH 6 5, 0.05 M EDTA; 0.06 M sucrose
and dialyzed overnight at 4° against 100 volumes of the same buffer, containing o oox
M EDTA The precipitate which formed during the dialysis was removed by cen-
trifugation, and the dialysate was applied toa 1 0 cm X 25 cm Sephadex G-25 (coarse)
column which had previously been equilibrated with o.o1 M imidazole, pH 6 5, 0 co1 M
EDTA; and 0 06 M sucrose. The active fractions were eluted using the same buffer.
Enzymatic activity was found in the initial protein-containing fractions eluting from
the column The pooled, active fractions were briefly centrifuged to remove the
precipitate which formed during the fractionation step, and were apphied toa 2 5 cm X
10 cm DEAE-cellulose column which had been equilibrated with the same buffer used
in the Sephadex G-z5 step The column was washed with 50 ml of the starting buffer.
A bright yellow band formed 1n the top 2 to 3 cm of the column The DEAE-cellulose,
which contamed this material, was removed from the top of the column and placed in
conical centrifuge tubes The material was suspended 1n a mimmmal amount of 0 5 M
NaCl, 0.05 M imidazole, pH 6 5, 0 oot M EDTA, o0 06 M sucrose, and shaken briefly.
The DEAE-cellulose was sedimented by centrifugation, the bright yellow supernatant
was decanted and dialyzed overmight against the same buffer without NaCl at 4° Both
the Sephadex and the DEAE-cellulose steps were carried out at toom temperature.
Recovery of active protein fractions from the DEAE-cellulose, by the method de-
scribed, has the advantage of yielding enzyme of high specific activity in a relatively
small volume The rabbit liver enzyme, like thymidine phosphorylase from other
species?4, 1s difficult to concentrate from dilute solutions The adsorption of the enzyme
upon the DEAE-cellulose is highly reproducible and 1s strictly dependent upon the
1onic strength of the solution applied to the column Although the yellow color appears
to be an excellent indicator for the localization of thymidine phosphorylase activity
upon the column, 1t 1s probably not associated with the phosphorylase When a sample
from this fraction was passed through a Sephadex G-200 column, there 1s a peak of
matenial absorbing at 1 = 420 mu which eluted before the peak of enzymatic activity

Protemn was determined by the method of LowRy ef al 10 using bovine albumin
as the protein standard. DEAE-cellulose was prepared by the method of PETERSON
AND SoBER'. Enzyme activity 1s routinely expressed as gymoles of thymidine formed
per h per mg protein, based upon the mitial velocity of the reaction observed

RESULTS

Characteristics of the enzyme and the reaction

The reaction was linear for 20—-30 min under the conditions described. At higher
concentrations of thymime, 1n the range of 5 to 10 mM, the reaction was linear up to 1 h.
To ensure that only 1mitial, linear velocity rates were obtained, at least two time points,
besides the initial time poimnt, were always analyzed Fig 1A shows the results of such
an assay Duplicate o o15-ml samples were taken at the times indicated, and the
absorbances at 279 my and 300 mu were determined as described in METHODS The
spectrophotometric assay consistently agreed to within 109, of the conversions
calculated by the radioactive assay As expected, the spectrophotometric assay be-
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Fig 1A Time course of the conversion of thymine to thymidine The mmcubation mixture con-
tained o o5 M 1midazole, pH 6 5, 0 0025 M thymune, o o1 M deoxyribose-1-phosphate, and enzyme
protemn (zinc precipitate) 1n a final volume of o 3 ml o o15-ml samples were withdrawn, in du-
phicate, at the mdicated times, pipetted directly into o 3 M NaOH, and the absorbance deter-
muned at 279 my and 300 my, as described 1n METHODS (A—A) describe the readings obtammed
at 279 mu, (@—@) the readings at 300 mu Note the lack of absorbance change at 279 mu, as
compared to the decrease observed at 300 mu

Fig. 1B Dependence of the thymidie phosphorylase reaction upon the amount of enzyme added
Enzyme from the zinc precipitate was used for these determinations Linear results were obtained
at all levels of purification For these determinations o 0co25 M thyme and o o1 M deoxyribose-
1-phosphate were used

comes less reliable at very high or low concentrations of thymine, where the ratio of
AA|A zero time 18 less than 0.02.

Fig 1B shows the proportionality of added protein to the reaction velocity
observed All experiments reported in this paper were carried out within the hnear
range of protem concentration with respect to velocity

The pH optimum of the reaction is more complex. There is an apparent peak of
actrvity 1n the range of pH 5 5, as shown 1n Fig z. There 1s consistently a shoulder, or
asymmetry, to the curve in the region of pH 6 5 Identical results have been described
for thymidine phosphorylase from T pyriform:s® and human leucocytes® Experiments
elucidating the possible mechamsm for this complex pH optimum curve are described
below.
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Fig 2 Dependence of the thymidine phosphorylase reaction upon pH The buffer mixture con-
sisted of 1 M Tnis, 1 M imidazole; 1 M succinate, adjusted to the desired pH by the addition of
10 M HCIl or 10 M NaQH The final concentration of each buffer, in the reaction mixture, was
005 M, and the pH of each tube was checked following incubation o ooz25 M thymine and o or M
deoxyribose-1-phosphate were used and the enzyme was from the DEAE-cellulose fraction
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Fig 3 Substrate concentration versus velocity curve for deoxyribose-1-phosphate, in the thym-
dine phosphorylase reaction with a thymine concentration of 2 5 10" M The observed Ky for
deoxyribose-1-phosphate 1s 7 10~ M Enzyme was from the DEAE-cellulose fraction

Fig 4A Velocity versus substrate concentration curve for thymine in the thymidine phosphory-
lase reaction at a deoxyribose-1-phosphate concentration of o or M and o o5 M 1midazole, pH 6 5
Enzyme was from the Sephadex G-25 fraction Adequate absorbance changes were obtained from
the samples at very low thymine concentrations by using larger sample volumes (o o4 ml) and
incubation times of 2 5 and 5 min

Fig 4B A reciprocal of the velocity versus substrate concentration plot of the data presented in
Fig 4A Here, the linear portion of the curve can be extrapolated to the abscissa and an apparent
Ky’ for thymine of 2 5 10-? M 1s obtained All of the experimental points obtained at low thymine
concentrations are not plotted on this graph

Kanetics of the reaction

Hyperbolic kinetics are obtamned for deoxyribose-1-phosphate with a thymine
concentration of 2.5-107% M (Fig 3) The apparent K, for deoxyribose-1-phosphate
1s 7-107* M Fig 4A shows excess substrate inhibition by high concentrations of the
pyrimidine base, thymine Maximal activity was found at a thymine concentration of
2.5:1073 M The immhibition was also observed if uracil was substituted for thymine.
A plot of the data on reciprocal coordinates yields a line which 1s again typical of excess
substrate inhibition We are attempting to further characterize the reaction at very
low concentrations of thymine using both spectrophotometric and radioactive assays
Fig. 4B shows the data presented 1n Fig. 4A plotted as the reciprocal of the velocity
versus substrate concentration Here, the expected linearity of the plot at high thymine
concentrations 1s observed, and an apparent K;" = 2.5-107% M 15 calculated for thy-
mine!2. All of the thymine concentration curves were carried out in 0.01 M deoxyribose-
1-phosphate

Modifications of the substrate inhbitions
Urea has been found to stimulate the synthetic thymidine phosphorylase
reaction at all concentrations of thymine when assayed at pH 6 5. The stimulation 1s
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Fig 5 Effect of urea on thymidine phosphorylase activity at an mitial thymine concentration of
5 103 M The mcubations were carried out 1n the mdicated concentrations of urea and the ac-
tivity was determined spectrophotometrically, as described 1n the text The reactions were mitiated
by the addition of enzyme protemn, and were mcubated for 10 mn at 37° Zinc-precipitated
enzyme was used

Fig 6 Velocity versus substrate concentration curve for thymine in the thymidine phosphorylase
reaction n the presence of 2 M urea, at a deoxyribose-1-phosphate concentration of oor M
Enzyme protemn was from the Sephadex G-25 fraction The K, for thymine was calculated to be

ooozM

maximal at a final concentration of 2 M urea, and there 1s inhibition of enzymatic
activity at higher concentrations of urea Fig 35 shows the effect of different concen-
trations of urea found with an 1mitial concentration of 5-10=3 M thymine. There 15
progressive mactivation of the enzyme 1n the presence of 2 M urea, although the ap-
parent half-life of the enzyme 1s approximately 2-3 h at 37° (G Lyon, unpubhshed
observation). ZIMMERMAN?, studying the effect of urea upon the conversion of thym-
1dine to thymine by enzyme from human spleen, also found mactivation of the enzyme
In urea.

As mn T. pynforms® urea affects the thymme-induced substrate inhibition of
rabbit iver enzyme (Fig 6). In the presence of 2 M urea there 1s an apparent conversion
of the reaction kinetics to the hyperbolic form. Essentially normal kinetics are observed
over the range of thymine concentrations which produce marked substrate inhibition
n the absence of urea We are currently mvestigating the possibility that there may
be substrate inhibition at very high concentrations of thymine (o o2 M) even 1n the
presence of urea Because of the difficulty of making spectrophotometric determinations
at these high levels of thymine substrate mmhibition cannot as yet be ruled out Although
the non-linearity of the LINEWEAVER-BURK!? plot makes a definite assignment of K,
for thymine difficult, under standard conditions the K,, can be estimated to be between
1-10-3and 3-10-3 M thymine This s not significantly different from the K, obtained
erther 1n the presence of urea (2 - 1073 M) or at pH 5.5 (2 3- 1073 M). Therefore, changes
1n the velocity of the reaction observed at different pH values and under the various
conditions are not due to alteration 1n the affimty of enzyme for substrate but most
likely are the result of modifications of the inhibitory properties of thymine

We next examined the effect of NaCl upon the enzyme activity We had noted
that 1n the presence of 0.5 M NaCl there was stimulation of enzymatic activity at
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Fig 7A Effect of 0 o5 M NaCl upon the pH optimum curve The assays were 1dentical to those
described 1n the legend of Fig 2, except that NaCl was added to each reaction mixture to a
final concentration of o 5 M The dashed line represents the actrvities found when the reactions
are carried out 1 the absence of NaCl The same enzyme fraction was used for the experiments
represented 1n Fig 4 as well as for Figs 7A and 7B, and maintained constant activity over the
pernod required for completion of the studies

Fig 7B Effect of 2 M urea upon the pH optimum curve The assays were 1dentical to those
described 1n the legend of Fig 2, except that urea was added to each reaction mixture to a final
concentration of 2 M Again, the same enzyme fraction and assay conditions were employed, and
the dashed line represents enzymatic activity observed under standard conditions Thymine con-
centration was o 0025 M and deoxyribose-1-phosphate was o or M for all of the pH optimum
studies

pH 6 5 and mhibition at pH 5.5 when compared to reactions carried out under the
standard conditions (see METHODS) Fig 7A shows the pH curve obtained in the
presence of 0.5 M NaCl In the presence of NaCl the pH optimum 1s shifted up to 6 5

A simlar analysis of enzyme activity as a function of pH was carried out in the
presence of 2 M urea, as shown in Fig 7B There is stimulation of enzyme activity over

TABLE II

EFFECT OF 0 5 M NaCl ON SUBSTRATE INHIBITION

The reaction mixtures contamned o o5 M 1midazole, pH 6 5, o o1 M deoxyribose-1-phosphate,
and thymine at the concentration indicated The concentration of NaCl 1s indicated and enzyme
was from the Sephadex G-z5 fraction

Assay conditions umoles Peycent
thymidine wnhibition
formed
per h per mg
protein

Thymine, o ooz5 M 182 —

Thymine, o 008 M 104 43

Thymine, o 0025 M + o 5 M NaCl 2 28 —

Thymine, o 008 M + 0.5 M NaCl I51I 34
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the pH range observed, when compared to the normal assay, except in the region of
pH less than 5 5. A broad pH optimum peak between pH 6.5 and 6 8 1s seen, and,
again, the curve has become essentially symmetrical

The effect of 0 5 M NaCl upon the substrate inhibition was examined Table 11
presents data indicating that, in the presence of NaCl, substrate inhibition is observed,
and, although there is stimulation, the relative amount of substrate inhibition 1s
essentially unchanged Table III shows experiments examining the effect of pH 5 5
upon the suhstrate inhibition At pH 5 5 there is relatively little substrate inhibition,
when compared to the inhibition seen at pH 6 5 Other studies have shown that in the
presence of o 5 M NaCl there 1s substrate inhibition at pH 5 5 to approximately the
same degree as seen at pH 6 5 Thus, the complex pH optimum curves observed under
standard assay conditions may be due to transition of enzyme from a substrate-
mhibited to a non-substrate-inhibited form at lower pH

TABLE III

EFFECT OF pH 55 ON THE SUBSTRATE INHIBITION

The reaction mixtures contained o o5 M each of Tris—imidazole-succinate, adjusted to pH 6 5
or 5 5, deoxyribose-1-phosphate, o o1 M, enzyme protemn from the zinc precipitation fraction,
and thymine at the concentration indicated

Assay conditions pmoles Percent
thymidine inhibition
formed
per hper mg
protein

Thymine, o ooz M,pH6 5 118 —
Thymine, 0o co6 M, pH 6 5 053 55
Thymine, o co25 M, pH 5 5 171 —
Thymne, o oo6 M, pH 5 5 155

Rl

Experiments designed to demonstrate physical alteration of the enzyme under
conditions of high ionic strength or urea have not been successful. When identical
samples of enzyme were passed through the same Sephadex G-z200 column which had
previously been equilibrated with homogenizing buffer, containing 0 5 M NaCl, 2z M
urea, or no additions, no significant alterations in the elution patterns of the enzymatic
activity were noted Because of the mnactivation of the enzyme by urea, prolonged
centrifugations or elutions are not feasible Currently, we are attempting to take
advantage of the absence of substrate inhibition at low pH and, using sucrose density
gradient centrifugations, to demonstrate possible alterations in the sedimentation
characteristics of the enzyme at different pH

The effects of both urea and thymine appear to be immediately reversible. If
enzyme protein was premncubated for 1o min at 37°1n 2.0 M urea or 6 - 103 M thymuine,
1 the absence of deoxyribose-1-phosphate, subsequent enzyme activity was dependent
upon the final concentration of urea or thymine present in the complete reaction
mixture, when assayed immediately following completion of the premncubations. Thus,
enzyme which was preincubated 1 6-10— M thymine, then assayed n 25 107 M
thymine or 6 10-? M thymine, was inhibited only at 6-10-3 M thymne. Similarly,
enzyme preincubated in 2 M urea was inhibited by thymine when the concentration
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of urea was diluted to 0.5 M for the assay Preincubation at 37° for 10 min did not alter
the activity of the enzyme, even 1 the presence of 2 M urea. Also, enzyme mnhibition
by thymine does not appear to be dependent on the concentration of deoxyribose-1-
phosphate in the reaction mixture, as shown by the data presented in Fig 8 Thus,
the excess substrate inhibition by thymine appeas to be non-competitive with respect
to deoxyribose-1-phosphate

eThymine 25 mM
3 8Thymme 5 mM
( aThymine 75 mM

L I SR |
0 4 8 1 16 20
1/ 107

Fig 8 Inhibition of the thymidine phosphorylase reaction by thymine at varying concentrations
of deoxyribose-1-phosphate Enzyme was from the Sephadex G-25 fraction, and the assays were
carried out 1n 0 05 M 1midazole, pH 6 5, at different concentrations of thymine Thymine concen-
tration was o ooz5 M (@—@), 0 co5 M (B—M) and o.0c075 M (A—A) The data suggest that the
mhibition by thymine 1s non-competitive with respect to deoxyribose-1-phosphate

DISCUSSION

The data presented 1n this paper suggest that the enzymatic characteristics of
the synthetic thymidine phosphorylase reaction (Reaction 1), catalyzed by rabbit hiver
enzyme, are essentially the same as those described 1n 7. pyriformas® The finding that
the enzyme 1s precipitated by Zn®+, and 1s recovered apparently mtact following
treatment with EDTA, provides a method of obtaining high yields of the enzyme
from relatively dilute solutions.

These 1nvestigations further indicate that the complex PH optimum curves,
which are characteristic of thymidine phosphorylase from rabbit hiver, as well as
enzyme from T pyriformis® and human leucocytess, can be resolved mto two com-
ponents by addition of either NaCl (final concentration, 0.5 M) or urea {(final concen-
tration, 2 M) to the reaction mixture In the presence of NaCl there 1s substrate inhi-
bition by thymine throughout the pH range observed, whereas 1n the presence of urea,
no substrate inhibition is observed. It 1s suggested that the pH optimum curve obtamned
under standard assay conditions, that 1s, in the absence of NaCl and urea, 1s a composite.
The shoulder of activity in the range of pH 6.5 may be the true pH optimum, and the
rise 1n activity at lower pH may be due to escape of the enzyme from substrate inhi-
bition, the curve assuming the configuration of the enzyme’s PH versus activity curve
when studied n the presence of urea. Although preliminary attempts to demonstrate
structural alterations in the enzyme under these different conditions have not been
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successful, a more critical analysis of the physical characterstics under these modifying
conditions has been initiated

Analysis of the kinetic data by the Hill equation* reveals that for thymine
concentrations of less than 2.5 1073 M the slope 1s 1.2z In the region corresponding
to 2.5 1073 M thymine there is a break 1n the curve and at higher concentrations of
thymine the line has a negative slope equal to —1.04 When carried out in the presence
of 2 M urea, the slope of the curve at low levels of thymine 1s equal to 1.14 and at
2 5:1073 M thymaine, there 1s also a break in the curve and a positive slope of less than
unity 1s found. The finding of a Hill coefficient of less than one has previously been
reported’® In the case of thymidine phosphorylase it may suggest that urea only
partially modifies the substrate mhibition and the resultant slope 1s due to both
catalytic (positive) and inhibitory (negative) functions being observed These findings
suggest that both the catalytic and the inhibitory functions occur at single distinct
loci Whether or not there are separate sites cannot be definitely determined The
finding that urea and low pH affect the substrate inhibition without appreciably
altenng the K,, for thymine may suggest separate sites for these phenomena.

The functional significance of these findings cannot be assessed until the kinetic
properties of the reaction are fully understood Preliminary experiments do suggest,
however, that when excess substrate inhibition 1s modified, there is a concomitant
inhibition of the transferase reaction (Reaction 2) ZIMMERMAN? has reported that in
the presence of 2 M urea there 1s significant mhibition of transferase activity, with
relatively less inhibition of degradative phosphorylase activity (Reaction 1). Con-
ceivably, the inhibitions may function to control the rate of activity of the phosphoryl-
ase and transferase reactions, depending upon the amounts of substrates and products
which are available to the enzyme. Control of enzymatic activity by the relative
concentrations of the substrates and products of a reaction may be an important
mtracellular regulatory mechanism!® Experimental attempts to further document
the enzymatic and regulatory characteristics of thymidine phosphorylase are currently
mn progress 1n this laboratory
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