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Abstract

Two forms of TDPase activity were found in Walker-256 cellular fractions:
one was of cytoplasmic origin; the other was of nuclear origin, The former
was insensitive to 0.2mM ATP, while the latter was inhibited strongly by
02mM ATP, The type and extent of inhibition of TDPase and TTPase
activities by ATP were different. The responses of TDPase and TTPase
activities to Ca++ were different too. A purifled TDPase preparation showed
no detectable TTPase activity, It is likely that Walker-256 nuclear TDPase is
a different enzyme from TTPase.

Introduction

Isolated nuclei from Walker-256 carcinosarcoma can be fractionated into
nucleoplasmic, acidic protein, and DNA-histone complex (or deoxyribonucleo-
protein, DNP) fractions according to Wang (1967). Ballal ef al. (1970) showed
that high concentration of ATP (2mM) inhibited TTP incorporation into DNA
by acidic protein fraction when either native DNA or denatured DNA were
used as template. However, ATP stimulates TTP incorporation into DNA by
using acidic protein fraction as enzyme source and DNP fraction as template.

(1) This is part of Y.-H. Lin’s Ph, D. dissertation done at Department of Chemistry,
UCLA, L.A. California, U.S, A, during his on leave from Institute of Botany,
Academia Sinica, Taipei, Taiwan, R, O.C,

(2) Paper No. 156 of the Scientific Journal Series, Institute of Botany, Academia Sinica.

(3) The following abbreviations are used: ATP, adenosine 5'-triphosphate; TTP,
thymidine 5'-triphosphate; TDP, thymidine 5'-diphosphate; TTPase, TTP phos-
phatase; TDPase, TDP phosphatase,
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Other nucleoside triphosphates can not replace ATP for this stimulating effect.
They also showed that *H-TTP can be hydrolyzed to thymidine by crude
nuclear extract. ATP as well as other nucleoside triphoshates inhibits this
hydrolysis. This suggests that the stimulating effect of ATP for TTP incor-
poration into DNA may be partially explained in terms of its inhibitory effect
to the hydrolysis of TTP by dephosphorylating enzyme(s). So far, few
papers concerning the enzymatic hydrolysis of TMP, TDP, or TTP in higher
animal cells have been published. In the first paper of this series (Lin énd
Smith, 1974), we reported the existence of TTPase activity in Walker-256
tumor nuclei.

Here we present evidence showing the existence of TDPase activity and
differences between this enzyme and TTPase.

Materials and Methods

Preparation of p-32P-TDP

This was done mainly according to that described by Moffat (1967). B-32P-
TDP was prepared by condensing thymidine monophosphate morpholidate
(TMPM) with 2*Pi under rigorously anhydrous conditions and passing the result-
ing mixture over a DEAE-cellulose column and eluting with a triethylamine-
bicarbonate gradient. This separated the various components in the reaction
mixture, 7.e. TMPM, %2Pi, and the desired product 8-3*P-TDD. An absorbance
measurement was made to determine the concentration of the g-32P-TDP
solution. An aliquot was counted on a filter paper disc by using 10ml PPO/
POPOP toluene in a Beckman liquid scintillation counter (Model LS-100).
The average specific activity obtained was 1.75%10° cpm/umole TDP.

Isolation of Walker-256 carcinosarcoma nuclei

Female Sprague-Dawley rats were used. Isolation of Walker-256 carcinos-
arcoma nuclei was done according to Lin and Smith (1974).

Preparation of crude nuclear extract and different cytoplasmic and niclear frac-
tions X

This was also done by the procedure of Lin and Smith (1974).
Assay procedure of TDPase activity

The reaction mixture contained in a total volume of 0.25ml 01M
imidazole buffer pH 7.4; 04mM TDP; 100,000cpm of B-*P-TDP, and a
suitable amount of enzyme solution. The reaction mixture was incubated at
37°C for 15 min and the reaction was terminated by placing the incubation tube
in boiling water for 3min. Water was added, so that the total volume was
1.0ml and the tube was centrifuged in a clinical centrifuge. An aliquot of
05ml of the supernatant was withdrawn and placed in another tube
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containing 0.5ml water., The %Pi released in enzymatic reaction was then
precipitated according to the procedure of Sugino and Miyoshi (1964). The
precipitate was dissolved in 0.5ml ammonia/acetone (1:1, v/v) and a 100zl

aliquot was counted on a filter paper disc in 10ml PPO/POPOP toluene in a
Beckman liquid scintillation counter (Model LS-100). :

Assay procedure of TTPase activity
This was done according to that described by Lin and Smith (1974).

Results
Locality
The data of Table 1 suggest that there are at least two forms of TDP

Table 1. Effect of ATP on TDP phosphatase activity of
Walker-256 cellular fractions

Reaction mixture contained 0.1 M imidazole buffer (pH 7.4), 2mM MgCl,, 02mM
ATP (if included), 04 mM TDP, ca, 100,000 cpm g-2P.-TDP, and enzyme solution in a
total volume of 0.25ml. Each value shown was the average of duplicate trials, Error
limits were about 10%.

Pi released
Fraction Location (n_mole/tube) 7
—ATP +ATP inhibition
Sucrose (0.25 M) Cytoplasmic 10.8 9.2 15
Sucrose (2.2 M) Cytoplasmic 7.0 7.9 -14
NaCl Extract T Nuclear 1.2 0.2 83
NaCl Extract 0 Nuclear 2.0 0.2 90
Acidic Protein Nuclear 2.8 0.1 96

Table 2. Effect of ATP on TTPase activity of Walker-256 cellular fractions

The reaction mixture contained 0.1 M imidazole buffer (pH 7.4), 2mM MgCl,, 2mM
ATP (if included), 0.1 mM TTP, ca. 250,000 cpm 7-3P-TTP, and enzyme solution in a final
volume of 0.25 ml., Each value was™the average of duplicate trials, Error limits were
around 7%4.

Pi released
Fraction Location (n mole/tube) ) %
—ATP +ATP inhibition

Sucrose (0.25 M) A Cytoplasmic 59.1 339 42
Sucrose (2.2 M) Cytoplasmic 32.9 7.6 77
NaCl Extract T (frozen) Nuclear 7.5 3.1 59
NaCl Extract T (refrigerated) Nuclear 7.5 3.1 59
NaCl Extract [ (frozen) Nuclear 8.2 0.9 89
NaCl Extract I (refrigerated) Nuclear 14.0 3.5 75
Acidic Protein Nuclear 5.3 0.4 92
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phosphatase: one is of cytoplasmic origin; the other of nuclear origin. The
former was not affected by ATP, while the latter was affected. By comparison,
the results of Table 2 do not show clear difference between cytoplasmic and
nuclear TTP phosphatase activities as far as ATP effect is concerned.

PH and buffer dependence of the enzyme

The TDPase activity is very dependent on the pH and buffer of the reac-
tion mixture (Klein and Smith). A spectrum of pH ranging over four pH
units, 6-10, was examined and maximal activity was found to reside in the
area of pH 7.4 through pH 7.8 (Fig. 1). Two activity peaks are present, one
in the imidazole and the other in the Tris buffer. Imidazole was selected as
the buffer because previous knowledge and experimental evidence demonstrated
Tris presence had the effect of hydrolyzing the substrate. The increase in
activity around pH 6.6 has been demonstrated several times but an explanation
is lacking.

Pi liberated
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PpH
Fig. 1. pH and buffer dependence of TDPase activity., The reaction mixture contained
a volume of 0.25ml 0.1 M buffer, 2mM MgCl,, 0.4 mM TDP, ca. 100,200 cpm
B-#P.TDP, and NaCl extract II as enzyme solution. [—[]--[], 0.1 M imidazole;
H-E-M 01M Tris-HCl; O—O—0, 0.1 M phosphate; @ —@—@, 0.1 M glycin.
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Conditions used to stabilize the enzyme
Both inhibition activity of ATP and total enzymatic activity decrease
rapidly if the following prerequisites are not met.
1) The enzyme must be stored in a medium containing 2025 glycerol.
2) The presence of a reducing agent in the storage mixture and in all solu-
. tions containing the enzyme. 2-Mercaptoethanol proved more efficient in
retaining both aspects of activity than did dithiothreitol (Table 3).

Table 3. Effect of reducing agents on both TDPase
activity and its inhibition by ATP '

Reaction conditions were the same as those described in Table 1. NaCl extract II
was used as enzyme source,

: Pi released (n mole/tube) .
Addition , L7
—ATP i +ATP inhibition
- No reducing agent ' 0.30 : 0.29 3
2-Mercaptoethanol (1 mM) 0.47 5 0.17 64
Dithiothreitol (1 mM) : 0.42 [ 0.29 31

Distinction between TTP and TDP phosphatase activities

Calcium ion at about 1mM was found to stimulate TDPase activity in
Walker-256 nuclear fractions (Klein and Smith). However, Ca** at same
concentration did not stimulate TTPase activity at dll. The observation is
reproducible, using several different nuclear preparations. The ATP sensitivity
of TDPase activity is extremely acute. An inhibitor to substrate concentra-
tion ratio of 1:1 caused an inhibition of 9525 of the original activity. But,
an inhibitor to substrate concentration ratio of higher than 20:1 was needed
in ordér to get same per cent inhibition of TTPase activity in the acidic
protein fraction.

Discussion

A purified TDPase preparation was obtained from Walker-256 nuclear
extract by ammonium sulfate precipitation, followed by DEAE-cellulose column
chromatography, ammonium sulfate precipitation again, then by Sephadex G-
200 column filtration procedure (Klein and Smith). This purified TDPase pre-
paration showed no detectable TTPase activity. The finding, as well as the
results which. have already been shown, supports the suggestion that in
Walker-256 nuclei there are two enzyme entities: one is responsible for
TDPase activity and the other for TTPase activity.

The strong inhibition of TDPase by ATP may have close relation with
enzyme regulation in vivo. The contribution of ATP effect on TDPase to
DNA synthesis in intact cells remains to be examined.



100 Botanical Bulletin of Academia Sinica Vol. 16

Acknowledgments

This investigation was supported in part by a U.S. Public Health Services
grant (CA 13196-02). Y-H Lin is grateful to National Science Council, Republic
of China, for a financial support from 1970 to 1972 when he was on leave from
Institute of Botany, Academia Sinica, Taipei, Taiwan, R.0.C. He also wants to
acknowledge the receipt of a nonresident tuition grant from Winstein Memorial

Fund, Department of Chemistry, University of California at Los Angeles,
U.S.A.

Literature Cited

BALLAL, N, R, M.S. COLLINS, R. M. HALPERN, and R. A, SMITH. 1970.- DNA polymerase
activities in fractionated Walker-256 tumor cell nuclei. Biochem, Biophys. Res. Com-
mun, 40: 1201-1208.

KLEWN, S. and R. A, SMITH, unpublished data.

LIN, Y-H and R, A. SmITH, 1974. DNA synthesis of Walker-256 carcinosarcoma nuclei
in vitro: 1. Existence of TTP phosphatase activity and its inhibition by ATP, Bot.
Bull, Academia Sinica 16: 25-35.

MOFFATT, J.G. 1967. Chemical synthesis of specifically -, 8-, and 7-%2P-labeled nucleoside
5/-triphosphates. In: Methods in Enzymology, Vol. XII, part A, (L., Grossman and
K. Moldave, eds.), pp. 182-192. Academic Press, New York,

SUGINO, Y. and Y. M1YOsHL 1964. The specific precipitation of orthophospbate and some
biochemical applications. J. Biol. Chem, 239: 2360-2364.

WANG, T.Y. 1967. The isolation, properties, and possible functions of chromatin acidic
proteins, J. Biol. Chem, 242: 1220-1226.

Walker-256 2.1k 55 49 fi 4% 2 £ B AZEER 6048 7%,
II. MBESs-—SmARARREERZIAEALR
il G -Ea BB S
HERREMZE S

[Z 7 R. A. SMITH
EEp T YDA PN Vi

#82 Walker-256 HIRHHUAT B RAEGERTE S -_#MRRukmmEsE (TDPase)
T RN 5 BRI o BREE 02mM ATP IREgUR » TIEER
02mM ATP BZUHniNE o TDPase i TTPase FE{EH4: ATP ¥pSEHRmERRE
#2%7) o TDPase f1 TTPase FEREIEEN Catt WEELRR o LEBHAEMILERNY
TDPase S4BTy TTPase 35 o FTRIEE THEM Walker-256 #Ejgx
Pz TDPase %1 TTPase R TS —HEER ©





