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Abstract-Nuclease I (nucleate endonuclease, EC 3.1.4.9) from tobacco cell cultures is inhibited by several nucleotides. 
The purine nucleoside S-triphosphates are highly inhibitory, whereas CAMP and cGMP have little effect on the 
activity of the enzyme. ATP, which affects both the endonuclease and 3’nucleotidase activities of tobacco nuclease 
I, is a competitive inhibitor with a K, of 0.5 w at pH 5.8. This nucleotide also strongly inhibits nuclease I 
from mung bean and barley. 

INTRODUCTION 

The activity of many plant enzymes is regulated by the 
concentration of certain small molecules within the cell 
[l]. Although the controls on the enzymes of biosynthe- 
tic and energy-producing pathways have been extensively 
investigated, little work has been done on the regulation 
of nucleolytic enzymes that may affect the nucleic acid 
economy of the plant cell. One of the major nucleolytic 
enzymes in plants is nuclease I (nucleate endonuclease, 
EC 3.1.4.9), an enzyme that catalyzes the hydrolysis of 
phosphodiester bonds in polynucleotides and 3’-phos- 
phomonoester bonds in mono- and polynucleotides [2]. 
Nuclease I has been isolated and partially characterized 
from several species of higher plants [38]. Thus, it is 
of interest to ascertain the response of this enzyme to 
compounds that may be modulators of its activity. In 
this report I describe the et&t of various nucleotides 
and related compounds on the activity of nuclease I from 
tobacco cultures. One of these compounds, ATP, is pres- 
ent at high concentrations in plant cells, and is a particu- 
larly potent inhibitor of nuclease I from tobacco cultures, 
mung bean sprouts, and barley malt. 

RESULTS 

Plant nuclease I preferentially cleaves bonds on the 
3’-side of adenosine residues in mono- and polynucleo- 
tides [Z]. Many adenine nucleotides inhibit the ability 
of tobacco nuclease I to degrade singlestranded (ss) 
DNA particularly at high concentrations (Table 1). 
Several of the nucleotides bear a 3’-phosphomonoester 
group, and are substrates of the 3’-nucleotidase activity 
of this enzyme; a marked depression of the rate of DNA 
hydrolysis by these compounds is not unexpected. Inhibi- 
tion of nuclease I by S-AMP has also been reported 
by Suno et QZ. [6]. 

At a concentration of only 0.05 mM, ADP and ATP 
inhibited the tobacco nuclease almost completely (Table 

1). The effect of nucleotide concentration on the degree 
of inhibition of the ss-DNase activity by S-AMP, ADP 
and ATP was studied. The inhibitory actions of ADP 
and ATP in this system were virtually identical; a con- 
centration of 1.7 @I was required for W/0 inhibition. 
The concentration of S-AMP required to produce this 
level of inhibition was ca 30-fold greater. 

A kinetic study of the rate of hydrolysis of ss-DNA 
by tobacco nuclease as a function of substrate concen- 
tration was performed in the presence and absence of 
ATP. Double reciprocal plots [lo] of the data indicated 
that ATP is a competitive inhibitor of the nuclease. 
Values of 17 and 0.5 $f were obtained for the apparent 
K, of denatured T5 DNA and KI of ATP, respectively. 

The inhibitory effects of Pi, PP,, PPP, and the corre- 
sponding nucleoside 5’-mono- and polyphosphates on 
the ss-DNase activity are presented in Table 2. Hanson 

Table 1. Effect of adenine nucleotid~ on the hydrolytic acti- 
vity of tobacco nuclease I with denatured TS DNA 

Compound added 

Z-AMP 
3’-AMP 
5’-AMP 
S-ADP 
5’-ATP 
2’,5’-ADP 
3’,5’-ADP 
coenayme A 
2’:3’-qclic AMP 
3’: 5’-cyclic AMP 
NAD+ 
NADP+ 
FAD 
ADP-glucose 

Residual DNase activity 
(% of control) 

0.05 mM 0.5 mM 

82 34 
49 3.0 
43 5.6 

2.0 0.5 
20 0.4 

16.7 2.1 
7.6 1.3 
4.1 1.0 

89 41 
96 76 

101 95 
67 22 
52 6.4 
68 17.1 
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and Fairley [4] have also observed an inhibition of mm- 
lease I by P,. At the mono- and d&phosphate level only 
the adenine nucleotides were highly inhibitory, whereas 
at the triphosphate level all purine nucieotides were 
strong inhibitors. The action of deoxyribonucleotides 
was similar to that of ribonucleotides. Several of the pyri- 
midine nucleotides were less inhibitory than the corre- 
sponding inorganic phosphate compounds. The level of 
inhibition produced by PPi and PPP; was cu 25% at 
5 FM and >9(r;/o at 100 &%. By contrast UDP-glucose 
at 0.5 mM produced only 13% inhibition, and adenosine, 
D-ribose 5-phosphate and 3’:s’cyclic GMP caused less 
than IV/, inhibition at this concentration. 

The tobacco nuclease degrades RNA, ss-DNA and 
double-stranded (ds) DNA at a high rate from pH 5 
to 6, and also hydrolyzes 3’-nucleotides efficiently over 
a broader pH range [8]. The data presented in Table 
3 show that the potent inhibitory effect of ATP is appar- 
ent with each of these substrates in the pH range of 
5.2-5.8. However, the effect of ATP on the rate of hy- 
drolysis of 3’-AMP at pH 7.6 is much less than that 
observed at pH 5.8. ATP also inhibited n&ease I from 
mung bean sprouts and barley malt; at 10 ,uM it de- 
creased the ss-DNase activity of each enzyme by 92-94x. 

DtSCWSSIOW 

The results of this study indicate that mrclease I is 
sensitive to inhibition by a variety of nucleotides. This 
inhibitor> zfkct should be cod&d when one is 
rn~~urrn~ nuclsax 1 activity in crude extracts of plant 
materials; dialysis or gel filtration may be necessary to 
prevent partial inhibition by endogenous nucleotides in 
the extract. The degree of inhibition is dependent upon 
the nature of the nucleoside and the position of phos- 
phoryl groups. In general, the order of inhibitory e&c- 
tiveness of nucleoside phosphates is A > Gr C 2 U. 
Among the isomers of AMP, the effects of the 3’ and 
5’ phosphates are similar, whereas 2’-AMP is less inhibi- 
tory. The observations that 3’-AMP inhibits the DNase 
activity of the enzyme and that ATP inhibits both the 
3’-nucleotidase and the nuclease activities support the 
proposals of other investigators [69] that hydrolysis of 
phosphodi~~r bonds and 3’-phosphomon~ster bonds 
occurs at the same site(s) on nuclease I. 

Table 2. E%ect of inorganic phosphate and nucleoside Y-pbos- 
phate compounds on the hydrolytic activity of tobacco nuc- 

lease I with denatured TS DNA 

Residual DNaae activity 

Parent monophos- 
compound 

c”/, 0~~~~~1) 
triphos- 

phate* phatet phatet 

(Inorganic) 80 74 
Adenosine 22 22 I:, 
Deoxyadenosine 20 n.t.2 26 
Guanosine 68 13 26 
Cytidine 98 70 
Uridine 1; 101 91 
Deoxythymidine 98 n.t.3 76 

* Pi and 5’-NM% were tested at 150 j&i. ? All polyphos- 
phate compounds were tested at 5 @. $ Not tested. 

Table 3. Effect of 0.1 mM ATP on rate of hydrolysis of 
various substrates of tobacco nuclease I 

Substrate pH of assay ‘A inhibition 

ds-DNA 5.2 99 
ss-DNA 5.8 99 
rRNA 5.8 96 
Y-AMP 5.8 90 
3’-AMP 7.6* 39 

*The buffer in the standard assay for 3’-nucIeOtida~ was 
replaced with Trisacetate buffer (pH 7.6) at the same concn. 

From a kinetic study of the effects of nucieosides and 
5’-NMPs on the 3’-nucleotidase activity of nuclease 1 
from potato tubers, Suno et al. [6] hypothesized that the 
enzyme possesses one binding site for a nucleoside and 
two binding sites for phosphate groups, one for 3’-phos- 
phate and another for S-phosphate. This is consistent 
with the present ob~r~tion that 3’,5’-ADP is much 
more inhibitory than either monophosp~te isomer. The 
inhibitory effect of S-ATP, which is a competitive inhibi- 
tor of the enzyme, is greater than that of 2’S’-ADP or 
3’,5’-ADP. This may reflect the presence on the enzyme 
of another phosphate binding site that recognizes an ad- 
ditional phosphate group on the S-side of the nucleotide. 

Inhibition of another plant nuclease by nucleoside 
S-polyphosphates has been reported. Baumgartner et al. 
[ll] have isolated an RNase from seneskng morning 
glory corollas that is strongly inhibited by S-ADP and 
GDP. The lower ~~bitory activity of ATP suggests that 
this RNase is distinct horn nuclease I. Reports of inhibi- 
tion of microbial nucleases by ATP have also appeared 
[12-i4], although the physioIogica1 signiticance of these 
inhibitory effects has not been established. 

ATP is the main nucleotide in plant cells; it is esti- 
mated that the average ATP content in plant tissue is 
0.1 jm-iol/g fr. wt [15]. Plant nuclease I is almost com- 
pletely inactive at this concentration of ATP (ca 0.1 mM) 
in solutions buffered at pH 5-6. At pH 7.6, which is 
perhaps somewhat nearer to the pH occuring in the cyto- 
plasm and some organelles of plant cells, the enzyme 
is much less affected by 0.1 mM ATP. Nuclease I from 
corn roots [5] and oat leaves [7] is associated with a 
particulate fraction in homogenates prepared at low 
ionic strength; this may reflect a physical compartmen- 
tation of the enzyme in the plant cell. Since the inhibition 
is of a competitive type, the affinity of nuclease I for 
substrates and ATP at the pH of the compartment of 
the cell in which the enzyme is located and the relative 
concentration of each in this region of the cell will con- 
trol the rate of substrate degradation. The values of 
many of these parameters have not been determined, and 
the ph~iologi~ significance of the inaction of nuc- 
lease I by ATP is uncertain. 

EXPERIMENTAL 

Enzymes. Ektracellular nuclease I from suspension cultures 
of Nicotiarra tabacum L. cv. Xanthi was isolated by the method 
of ref. [S] and subjected to affinity chromatography with 
NADP-agarose [16]. The ATPase activity of the resulting 
preparation, measured at pH 6 by the method of ref. [17], 
was below the limit of detection (<0.2% of the nuclease acti- 
vity observed with ss-DNA). Mung bean (Phaseohs auww) 
nuclease I, prepared by the method of ref. [3], was supplied 
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by Dr. Laskowski. Bariey (Hordeurn uulgare) nuclease I was 
purified 2C&fold from malt by (NH&SO, fractionation and 
chromatography with SP-Sephadex and Sephadex G-75 fun- 
pubished, M. Sasakuma and-A. Oleson). - 

Radioactive substrates. Radioactive DNA (sp. act. 1.15 x 
10’ dpm/pmol) from T5 bacteriophage and radioactive riboso- 
maJ RNA (sp. act. 3 x 10’ dpm/~mol) from E~her~h~ cofi 
were prepared by the methods of ref. rl7j. In each nrenaration 
the radioactive precursor was ~rac~-[~-‘~CJ. Q&&ties of 
radioactive DNA and RNA are expressed as moles of mono- 
nucleotide residues. Denatured T5 DNA was prepared by 
heating a 1 mM soln of native DNA in 0.01 M Tris-HCl 
buffer (pH 7.5), 0.01 M NaCl for 10 min at 100” and then 
cooling-rapidli to 0”. Nucleotides were tested for purity by 
UV spectral measurements and by TLC. 

concns ranging from 6-30 $A. and ATP at concns of 0, 0.4 
or 1.0 a. Double reciprocal plots [lo] of reaction rate as 
a function of substrate concn were used to evaluate the kinetic 
constants. Each plot was linear over the range of substrate 
concns that were tested. 

Enzyme assays. Nuclease activity on rRNA or denatured 
TS DNA was measured in a standard reaction mixture (0.3 
ml) that contained 20 run01 l 4C-labeled polynucleotide, 15 
limo1 T&-acetate buffer @H 5.8) and sufficient enzyme to 
convert 5 to 50% of the radioactivity to an acid soluble form 
during the reaction. For assay of t>Nase activity on native 
T5 DNA the same reaction mixture was used, except that 
the T&-acetate was buffered at pH 5.2. The reaction mixture 
was incubated for 30 min at 37” and then chilled in ice. The 
acid-soluble fraction was isolated as described in ref. 1171, 
and 0.7 ml was mixed with 0.3 ml N NH3 and 4 ml s&&11& 
tion soln fO.4”/, Omniiluor in toluene-lriton X-100 (2:ltl. 
Radioacti&y %s measured in a liquid scintillation s&t~~- 
meter. The standard reaction mixture for assay of 3’-nucleoti~ 
dase activity contained, in a vol of 1 ml, 0.4 mol 3’-AMP, 
SO ~1 T&-acetate buffer (p&I 5.8) and enzyme. The soln 
was incubated for 30 min at 37”, chilled and treated with 
0.5 ml cofd 10% TCA. A portion of the soln was removed 
for analysis of Pi by the method of ref. ClS]. 
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kowski, Sr. for the generous giPt of a sample of purified mung 
berm nuclease L This paper is Journal Article No. 647 of the 
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One unit of enzyme activity (U) is defined as the amount 
that catalyzes the formation of 1 q101 of product per min 
under the standard conditions of assay. 

~~~bit~n of nuclease I by nucleotides and other compounds 
was tested in the standard reaction mixture supplem~ted with 
the test compound at the concn indicated in the Tables or 
text. The amount of enzyme employed was 0.2 mU when DNA 
or RNA was the substrate, and 1.1 mU when 3’“AMP was 
the substrate. The values reported represent the mean of dupli- 
cate or triplicate expts. 
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