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Abstract

A simple in situ assay for thymidine'phosphory1ase activity (E.C.2.4.2.4)

in intact E. coli cells is described which requires only standard spectrophotometric
equipment. The assay is based upon a characteristic hyperchromic shift for
the product thymine under a change from neutral to alkaline conditions.
Conversion reactions can therefore be quantitated in terms of the increased
absorption at 290 nm following addition of NaOH.

The enzymic activity may be measured in actively growing or non-
growing cells. Maximum rates of activity (umoles thymine min ', A600'1)
have been recorded at pH 5.5 and 47°C for non-growing cells and at pH 6.5
and 37°C for actively growing cells. The assay is sufficiently sensitive

and convenient to permit the measurement of thymidine conversion in stirred

tank or continuous flow reactors without the need for cell disruption.



Introduction

Trends toward the use of immobilized microbial cells as biocatalytic
converters have necessitated the development of in situ assays of enzymatic
activities. In studies of the interconversion of nucleosides and nucleotides

by Escherichia coli we required a convenient means of monitoring the

activity of the enzyme thymidine phosphorylase (EC.2.4.2.4) in intact
cells. The enzyme (TPPase), first demonstrated in E. coli by Manson and
Lampen (1) and purified and characterized by Razzel and Khorana (2) and
Razzel and Casshyap (3), catalyses the phosphorolytic catabolism éf
thymidine (TdR) with the formation of deoxyribose-1-phosphate (dR1P) and
thymine (T):

Thymidine + inorganic phosphate ------ >>Thymine + deoxyribose-1-
phosphate. Methods for assaying this reaction have been based upon
measurements of dR1P or T by chemical tests, (4, 5) or by incorporation
of radioisotopically labelled precursors (6). In either method, purified
enzyme or cell free systems were emp]oyed (7). For whole cell assays
radioisotope exchange has been the method of choice (8). These latter
techniques are time consuming and require the chromatographic separation
of the nucleoside, TdR, from the pyrimidine base, T, or require materials
which are expensive or not readily available.

We have deveioped an in situ assay for TPP actﬁvity which requires
only standard spectrophotometric equipment. The assay is based on a
characteristic hyperchromic shift specific for thymine under a change
from neutral to alkaline condition (4). This shift is absent in the
case of the nuc]eosidé, TdR. Thus, conversion reactions can be quantitatedA
in terms of the shift in absorption at 290 nm following the addition of NaOH

to the reaction mixture. The assay system is sufficiently selective and sensitive



to permit the measurement of thymine in the presénce of other nucleoside
and nucleotide bases and has been used to measure TPP activities of intact
cells in stirred tank or continuous-flow reactors.

Materials and Methods

Thymine and thymidine were obtained from Nutritional Biochemicals
Corporation (Cleveland, Ohio, U.S.A.). Yeast extract was obtained from
Difco Laboratories (Detroit, Michigan, USA). A1l other chemicals were from
Fisher Scientific Co. Ltd., Canada.

E.coli (strain GK402) was maintained on yeast extract (0.1%) agar
slants at 5°C. For experimental purposes the bacteria were grown in 5 ml
of 1% yeast extract - 0.1 M potassium phosphate medium (pH 7.0) contained
in a 50 ml Erlenmeyer flask on a Model G24 Environmental Incubator Gyrotary
Shaker (New Brunswick Scientific Co. Ltd., New Jersey, USA) at 37C. Cell
growth was measured optically as absorbance at 600 nm AEOO in a Gilford
Spectrophotometer (Gilford Instruments Laboratory Inc., Oberline, Ohio USA)
or harvested for biomass determinations using a Sorvall RC-5B refrigerated
centrifuge at 12000 g.

Assay for Thymidine Phosphorylase Activity

Assays were performed on non-growing (stationary phase) cells or on
actively growing (logarithmic phase cells).

The cells were harvested by centrifugation and resuspended in .0.1M
potassium phosphate buffer pH 7 to provide an appropriate cell density.
Thymidine was then added to effect a 1 or 2 mM concentration. At intervals,
0.1 ml samples were removed from the reaction mixture, filtered ﬁhrough a
0.22 ym millipore fi]ter to remove the cells.

The filtrate or supernatant sample was then diluted (1;50 or 1:100) with
distilled water and assayed for thymine content.

In assays of TPP activity in actively growing cells, thymidine was



added directly to cell suspension growing on yeast extract-potassium
phosphate medium. Samples were removed at appropriate intervals and
after filtration or centrifugation, diluted 1:50 or 1:100 with distilled
water and assayed for thymine. Dilution of the sample was neceséary to
eliminate background absorption by the medium components and to effect a
suitable range for djrect measurement.

The absorption of the sample at 290 um was read at neutral pH and
after treatment with concentrated alkali (12 N NaOH). Addition of
alkali to the sample caused a characteristic shift in fhe absorption

spectrum (Fig. 1). After appropriate volume corrections for the alkali

alk ' neut)

- A290 was found to

addition the difference in absorption (A290
be proportional to thymine concentration (Fig. 2).

For routine purposes TPPase activity was expressed as umoles
thymine produced per min per unit A600‘ Temperature experiments were
performed using a Thermocon Temperature Gradient Incubator (Scientific
Industries Inc.). pH experiments were carried out using a 0.1M KZHPO4—
KH PO4 buffer system.

2
Results and Discussion

The rate of production of thymine was found to be linear with
respect to time (Fig. 3a) until about 40% of the substrate was converted.
The amount of thymine produced within a 60 min assay period wés directly
dependent upon the amount of cell biomass in the reaction mixture (Fig.
3b) confirming the validity of the assay system. A minimum cell density
(A6OO) of 0.15 was usually required for detection of TPP activity and
specific enzyme activities (umoles thymine min] A6OO_]) were of the
ordef of 4.0 for non-growing cells.

TPP activity could also be measured in logarithmic phase cells if



appropriate corrections were made for biomass increase (Fig. 4). During

the assay period, cell density increased exponentially from 0.15A - 2.0

600
A6OO and conversion of the substrate was complete after 240 min.
Maximum specific activities of 11.5 umoles thymine min_].A6OO—] were
recorded for actively growing cells.

The effect of temperat&re on TPPase activity differed in growing
and non-growing cells. (Fig. 5). Maximal rates of TPPase activity were
recorded for cells resuspended in buffered substrate at 47°C but decreased
at higher temperatures. Actively growing cé]]s were optimally active at
37°C, coincident with their growth maximum, but exhibited activity
levels approximately one half of the maximal rates determined with non?
growing cells.

The highest activity of the enzyme in non-growing cells (16 umoles

thymine. min_].

A600~]) was reached when the pH of the reaction mixture
was maintained at pH 5.5. A higher pH optimum (pH 6.5) was observed for
cells in the active growing state although pH 8 favoured biomass production.
These observations are consistent with data obtained by others
using purified enzyme on cell-free systems. Schwartz (7) using E.coli K]2
indicated a pH optimum of 6.3 for thymidine cleavage while the enzyme
rapidly lost activity at 50°C. Similar results were also nofed for
Egggli_K]Z by Rachmeler et al. (9) suggesting a pH optimum for the
enzyme of between 5.9 and 6.1.
Thus we were able to assay spectrophotometrically the thymidine
phosphorylase activity in whole cell preparations. In general the

activity expressed by actively growing cells was three (3X) times that

obtained with stationary phase cells and maximum activity appeared to



reside with cultures in the mid exponential phase of growth. Disruption of
the cells by sonication or osmotic shock did not increase the measured
activity suggesting that the total capability of the cells was béing
measured by the procedure. The potential of these cells for biocatalytic

conversions is currently under investigation.
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Figures

Figure 1. 'Characteristic hyperchromic shift of thymine from

neutral to alkaline conditions. .
alk

Figure 2. The relationship between absorption (AZQO - AzgonEUt)
and thymine concentration. _
Figure 3. a) The rate of thymine production by non-growing cells (A600=1.76)

b) The effect of biomass on thymidine phosphorylase
activity in growing (o) and non-growing cells (o).
Figure 4. Specific‘activity of thymidine phosphorylase, in an actively
| growing culture of E.coli.
Figure 5. Effect of temperature on thymidine phosphorylase activity
with growing (o) and non-growing (e) cells.
Figure 6. Effect of pH on thymidine phosphorylase activity

with growing (o) and non-growing (e) cells.
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ABSTRACT - z |

A simple in situ assay for thymidine phosphorylase activity (E.C.2.4.2.4) in intact
E. coli cells is described which requires only standard spectrophotometric
equipment. The assay is based upon a characteristic hyperchromic shift for the
product thymine under a change from neutral to alkaline conditions. Conversion
reactions can therefore be quantitated in terms of the increased absorption at 290
nm following addition of NaOH.

The_enzymic activity may be measured in actively growiqg or non-growing cells.
Maximum rates of activity (umoles thyminesmin-1 sAg0Q~ ) have been recorded at

pH 5.5 and 47°C for non-growing cells and at pH 6.5 and 37° for actively growing
cells. The assay is sufficiently sensitive and convenient to permit the
measurement of thymidine conversion in stirred tank or continuous flow reactors
without the need for cell disruption. | '
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INTRODUCTION - | e ]
ATrends toward the use of immobilized microbial cells as biocatalytic converters
have-nece351tated the development of in situ assays of enzymatic activities. In
stud1es_of the interconversion of nucleosides and nucleotides by Escherichia coli
we required a convenient means of monitoring the activity of the enzyme thymidine
phosphory]ase.(EC.2.4.2.4) in intact cells. The enzyme (TPPase), first'
demonstrated in E. coli by Manson and Lampen (1) and purified and characterized :
by Razzel and Khorana (2) and Razzel and Casshyap (3), catalyses the phosphorolytic -

catabolism of thymidine (TdR) with the formation of d i ~1- )
SR (TdR) eoxyribose-1-phosphate (dR1P)

. ! é t
Thymidine_+ inorganic phosphate ------ > Thymine + deoxyribose-1-phosphate. Methods |
for assaying this reaction have been based upon measurements of gR]Ppor T by chemical
tests, (4,5) or by_wqcorporation of radioisotopically labelled precursors (6). In
either method, purified enzyme or cell free systems were employed (7). For whole
cell assays rad1q1sotope exchange has been the method of choice (8). These latter
techniques are time consuming and require the chromatographic separation, of the




nucleoside, TdR, from the pyrimidine base, T, or require materials which are
expensive or not readily available.

We have developed an in situ assay for TPP activity which requires only standard
spectrophotometric equipment. The assay is based on a characteristic hyperchromic
shift specific for thymine under a change from neutral to alkaline condition (4).
This shift is absent in the case of the nucleoside, TdR. Thus, conversion reactions
can be quantitated in terms of the shift in absorption at 290 nm following the
addition of NaOH to the reaction mixture. The assay system is sufficiently
selective and sensitive to permit the measurement of thymine in the presence of

the other nucleoside and nucleotide bases and has been used to measure TPP
activities of intact cells in stirred tank or continuous-flow reactors.

MATERIALS AND METHODS

Thymine and thymidine were .obtained from Nutritional Biochemicals Corporation
(Cleveland, Ohjo, U.S.A.). Yeast extract was obtained from Difco Laboratories
(Detroit, Michigan, USA). A1l other chemicals were from Fisher Scientific Co. Ltd.
Canada.

E. coli (strain GK402) was maintained on yeast extract (0.1%) agar slants at 5°C.
For experimental purposes the bacteria were grown in 5 ml of 1% yeast extract - 0.1
M potassium phosphate medium (pH 7.0) contained in a 50 ml Erlenmeyer flask on a

- Model G24 Environmental Incubator Gyrotary Shaker (New Brunswick Scientific Co.

Ltd. Nﬁw Jersey, USA) at 37C. Cell growth was measured optically as absorbance at
600 nm 7600 in a Gilford Spectrophotometer (Gilford Instruments Laboratory Inc.,
Oberline, Ohjo USA) or harvested for biomass determinations using a Sorvall RC-5B -
refrigerated centrifuge at 12000 g.

Assay for Thymidine Phosphorylase Activity Assays were performed on non- grow1ng
(stationary phase) cells or on actively growing (logarithmic phase cells).

The cells were harvested by centrifugation and resuspended in 0.1M potassium
phosphate buffer pH 7 to provide an appropriate cell density. Thymidine was then
added to effect a 1 or 2 mM concentration. At intervals, 0.1 ml samples were
removed from the reaction mixture, filtered through a 0.22 uym millipore filter to
remove the cells. The filtrate or supernatant sample was then diluted (1:50 or
1:100) with distilled water and assayed for thymine content.

In assays of TPP activity in actively -growing cells, thymine was added directly
to cell suspension growing on yeast extract-potassium phosphate medium. _Samples
were removed at appropriate intervals and after filtration or centrifugation,
diluted 1:50 or 1:100 with distilled water and assayed for thymine. Dilution of
the sample was necessary to eliminate background absorption by the med1um
components and to effect a suitable range for direct measurement.

The absorptfon of the sample at 290 um was read at neutral pH and after treatment
with concentrated alkali (12 N NaOH). Addition of alkali to the sample caused.



a characteristic shift in the absorption spectrum (Fig. 1). After appropriate
volume_corrections for the alkali addition the difference in absorption

| Eézgoa;§ - A290"€Ut) was found to be proportional to thymine concentration
g 19. .

For routing purposes TPPase activity was expressed as ymoles thymine produced per
min per unit Aggg. Temperature experiments were performed using a Thermocon
Temperature Gradient Incubator (Scientific Industries Inc.). pH experiments were
carried out using a 0.1M KpHPO4-KHoPO, buffer system.

RESULTS AND DISCUSSION

The rate of production of thymine was found to be linear with respect to time
(Fig. 3a) until about 40% of the substrate was converted. The amount of thymine
produced within a 60 min assay period was directly dependent upon the amount of
cell biomass in the reaction mixture (Fig. 3b) confirming the validity of the
assay system. A minimum cell density (A600) of 0.15 was usually required for
detection of TPP activity and specific enzyme activities (pmoles thymine min~
A600-]) were of the order of 4.0 for non-growing cells.

TPP activity could also be measured in logarithmic phase cells if appropriate
corrections were made for biomass increase (Fig. 4). During the assay period,
cell density increased exponentially frova.]5A6O - 2.0 Agpp and conversion of
the substrate was complete_after 240 min. Maximu8 specific activities of 11.5

{ umoles thymine min‘1.A6OO‘] were recorded for actively growing cells.

The effect of temperature on TPPase activity differed in growing and non-growing
cells. (Fig. 5%. Maximal rates of TPPase activity were recorded for cells
resuspended in buffered substrate at 47°C but decreased at higher temperatures.
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Actively growing cells were optimally active at 37°C, coincident with their
growth maximu, but exhibited activity levels approximately one half of the
maximal rates determined with non-growing cells.

The h1ghest ?ct1vity of the enzyme in non-growing cells (16 umoles thymine.
min~'. Aggo was reached when the pH of the reaction mixture was maintained
at pH 5.5. A higher pH optimum (pH 6.5) was observed for cells in the active
growing state although pH 8 favoured biomass production.

These observations are consistent with data obtained by others using purified
enzyme on cell-free systems. Schwartz (7) using E. coli Ky indicated a pH
optimum of 6.3 for thymidine cleavage while the enzyme rap1§]y lost activity
at 50°C. Similar results were also noted for E. coli Kyp by Rachmeler et al.
(9) suggesting a pH optimum for the enzyme of between 5.9 and 6.1.

Thus we are able to assay spectrophotometrically the thymidine phosphorylase
activity in whole cell preparations. In general the activity expressed by
actively growing cells was three (3X) times that obtained with stationary phase
cells and maximum activity appeared to reside with cultures in the mid exponential
phase of growth. Disruption of the cells by sonication or osmotic shock did not
increase the measured activity suggesting that the total capability of the cells
was being measured by the procedure. The potential of these cells for b1ocata]yt1c
conversions is currently under 1nvest1gat1on
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Figure 3. a) The rate of thymine production by non-growing cells —] 76)
b) The effect of biomass on thymidine phosphorylase act1v1%y
grow1nq (o) and non- gr0w1ng ce11s (e).
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Figure 5. Effect of temperature on thymidine phosphorylase activity with growing
(o) and non-growing (e) cells.

Figure 6. Effect of pH on thymidine phosphorylase activity with growing (o) and
non- grow1ng (e) ce]]s
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