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This work describes an enzyme which degrades adenosine
3":5cyclic phosphate (3":5"-cyclic-cAMP) and adenosine
2’:3-cyclic phosphate (2:3"-cyclic-:AMP). The reaction pro-
ducts are 3-AMP and 5-AMP in case of 3":5-cyclic-:AMP,
2.AMP and 3-AMP when 2":3"-cycliccAMP is given as
substrate. Inorganic phosphate acts as a strong inhibitor,
whereas theophyllin does not act up to a concentration of
10— M. Probably the adenosine cyclic phosphates degrading
enzyme has no function in a ‘second messenger’ system with
3":5-cyclic-AMP.

Introduction

Adenosine 3":5"-cyclic phosphate and involved
enzymes are suggested by Wood et al. ! in Catharan-
thus roseus and Ames?® in Nicotiana tabacum as a
mediator system in the action of phytohormones and
supposed to have a central function in the mani-
festation of crown gall and genetic tumors. Other
reports disagree with these results and doubt the
existence of a ‘second messenger’ system in higher
plants >3 at all. Three different approaches have
been used to prove the function of 3":5"-cyclic-AMP
and related enzymes in higher plants and the fol-
lowing results were found: (1) Some authors?™¢
report effects of exogenous application of 3":5
cyclic-:AMP and demonstrate responses partly analo-
gous to the effects of phytohormones. But as 3”:5'-
cyclic-AMP is usually applied in excess and the re-
sponses hardly match those obtained with the plant
hormones, they might just as well be explained as
being unspecific. (2) The levels of endogenous
3’:5"-cyclic-AMP were determined. The results vary
largely from author to author7719; attempts to
reproduce results obtained with the same methods
failed in other laboratories!!1? and left doubts
in the occurrance of 3":5"-cyclic-cAMP in higher
plants. (3) Attempts to establish the presence of
two enzymes which should accompany 3":5"-cyclic-
AMP, adenylate cyclase (E.C. 4.6.1.1) 113,14
and the 3":5"-cycliccAMP  phosphodiesterase
(3”:5"-cyclic:cAMP  5”-nucleotidohydrolase, E.C.
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3.14.17) 115718 did not agree in all details, thus
a ‘second messenger’ function of 3":5"-cyclic-AMP
seems improbable.

Recent reports strengthen the assumption that the
reported —and no doubt existing —3":5"-cyclic-:AMP
degrading activity in higher plants is not specific to
3":5"-cyclic-AMP, but just as readily attacks 2:3'-
cyclc-AMP 3: 19, These results led to the conclusion
that the function of this activity might primarily be
in the process of degrading 2’:3"-cyclic-:AMP, which
is accumulated during the break-down of RNA.

Concerning the involvement of 3’:5'-cyclic:AMP
and the nature and function of the degrading
enzyme in higher plants, we isolated an enzyme
from leaves of Nicotiana tabacum and analysed
some of its properties.

Methods

The cyclic mononucleotides 3":5"-cyclic-AMP
and 2":3"-cyclic-cAMP, and the enzymatic 5-AMP
test were obtained from Boehringer Mannheim, the
nucleotids 2-AMP, 3-AMP, 5-AMP, the Dowex
for column chromatography and Servalyt for iso-
electric focusing from Serva Biochemica, Darm-
stadt. All other chemicals were from Merck, Darm-
stadt.

(1) For extraction of enzyme, leaves of young
tobacco plants Nicotiana tabacum L. var. Xanthi
grown under greenhouse conditions were used after
surface cleaning. The following processes were done
in a cold room (+4°C); after homogenisation
with polyvinylpyrrolidone 1:20 w/w (Polyclar AT)
in 50mmM Tris (pH 8.5) and 5mM MgSO, in a
glass homogenizer (Potter Elvehjem), the obtained
homogenate was treated with a Bronson Sonifier
B-12 for 5 times 10 sec each at intervals and centri-
fuged at 6500 x g for 15 min. The supernatant was
used as enzyme source.

(2) Disc electrophoresis was carried out ac-
cording to Ornstein and Davis 2 for 90 min with a
constant current of 3 mA per gel. The protein bands
were stained with 1% Amidoblack 10B in 7% acetic
acid 1. After isoelectric focusing?? for 2h with
2 mA per tube, Coomassie-blue was used for protein
detection 21

(3) Gel chromatography was done with Sephadex
G200 in a 45 em column (O 1cm) at a flow rate
of 6 ml/h and fractions of 3 ml were collected. For
the molecular weight determination, catalase, aldo-
lase and hemoglobin were used as standards.

(4) Protein contents were determined according
to Lowry 23,

(5) Phosphodiesterase I (oligonucleate 5 -nucleo-
tidohydrolase, E.C. 3.1.4.1) activity was demon-
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strated by disc electrophoresis with 2"-deoxythymi-
din-5"-a-naphtyl phosphate as substrate!. After
60 min incubation with diazo red, a dark brown
band appears at the site of the phosphodiesterase I.

(6) For localisation of the enzyme after electro-
phoresis gel slices of 2mm each (cut at —75 “C)
were incubated for 90 min at 30 °C with 5 mg 3":5"-
cyclic:cAMP/100 ml in Tris (pH 7). The reaction
was stopped by heating.

(7) The pH optimum of the 3":5"-cyclic-AMP
degrading enzyme was determined in a pellet yielded
from 307 ammonium sulfate processing in the fol-
lowing buffer system: 0.2M citric acid-sodium
citrate (pH 2.5 —5.5) 0.2M Tris malate (pH 4.0 —
8.0), 0.2M Tris HCl (pH 7.0-9.0). Another
series of experiments were done by incubating the
gel slices containing the enzyme after purification
with disc electrophoresis.

(8) The amount of hydrolysed 3":5"-cyclic-:AMP
was determined enzymatically by measuring 5-AMP
using a specific test (Boehringer Mannheim, No.
15980). 10 gl of 15 mM ATP were added to each
assay because it is necessary for determination
of 5-AMP in the absence of ADP and ATP when
starting the reaction.

(9) Determination of 2":3"-cyclic-AMP degrada-
tion was done analogous to the 3":5"-cyclic-:AMP as-
say with the purified enzyme after disc electrophore-
sis.

(10) The hydrolysis products were determined
with a Dowex 1x2 (200 — 400 mesh, ClI~ form)
ion exchange column (0.5x10cm) with 2.5 mm
HCI as eluting fluid (flow rate 30 ml/h). The con-
centration of mononucleotides in the 3 ml fractions
was calculated by measuring the optical density at
260 nm 24,

(11) All inhibitor experiments were done with
the purified enzyme after disc electrophoresis.

Results

The phosphodiesterase I (E.C. 3.1.4.1) activity
could be distinguished from the 3":5-cyclic-:AMP
degrading enzyme in the gel after disc electropho-
resis* (Fig. 1). The molecular weight found
(55000) is lower than the one previously reported
for the enzyme from pea seedlings (350 000) 19, the
one from sugar beet leaves (110000) 26, the one
from carrots (100000) 37 and the one from Bom-
byx mori (66 000) 24,

Inorganic phosphate proved to be a strong in-
hibitor (507% inhibition at 107% M Na,HPO,),
whereas theophyllin up to a concentration of 1073 M
produced no definite change in the conversion rate
of 3":5"-cyclic-:AMP by the enzyme. Similar results
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were obtained by other authors® 3 1718, The ef-
fect of pH on the degradation of 3":5"-cyclic-AMP
is shown in Fig. 2. There seem to be two pH optima,
one at pH 5.5 and one at pH 7.3. Most reports on
3’:5"-cyclic-:AMP phosphodiesterase in higher plants
agree on the optimal pH 5— 62 % 17719; only Wood
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Fig. 1. Localization pattern of 3":5"-cycliccAMP degrading
activity after disc electrophoresis of enzyme preparations
from leaves of Nicotiana tabacum L. var. Xanthi. The ac-
tivity is indicated as mg 5-AMP/100 ml after an incubation
of 90 min. The marked gel-slices were taken for further
investigations containing an activity of 30 U. The phospho-
diesterase I (E.C. 3.1.4.1.) activity is demonstrated in the
gel with 2'-deoxythymidin-5"-a-naphthyl phosphate as sub-
strate and incubation with diazo red (arrow).
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Fig. 2. The pH dependence of 3":5"-cyclic-AMP degradation
with enzyme preparations from leaves of Nicotiana tabacum
L. var. Xanthi. The activity is indicated as mg 5-AMP/
100 ml after an incubation period of 90 min. The assay
mixture contained 0.2 M citric acid-sodium citrate (@ —@),
0.2 M Tris malate (O—Q) or 0.2 M Tris HCl (A —/\).
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et al. ! have previously found two pH values giving
optimal degradation. The analysis of reaction pro-
ducts with ion exchange chromatography shows 3’-
AMP and 5-AMP as products of 3":5"-cyclic-AMP
hydrolysis (Figs 3 and 4). 2":3"-cyclic-AMP is
broken down by the enzyme to both 2-AMP and
3"-AMP (Figs 3 and 5). Experiments with enzyme
preparations from pea seedlings which degrade
adenosine cyclic phosphates ? showed similar results
regarding 3’:5"-cyclic-AMP, but differed in 2':3-
cyclic-AMP degradation in that only 3"-AMP is pro-
duced. In the case of 3":5"-cyclic:cAMP Lin and
Varner® found as degradation products 3"-AMP
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Fig. 3. Separation of the different mononucleotides by ion-
exchange chromatography with a Dowex 1x2 (200—400
mesh, CI” form) column with 2.5 mm HCI as eluting fluid.
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Fig. 4. Degradation of 3":5-cyclic-AMP after treatment with

the enzyme preparation obtained after disc electrophoresis.

The main peak contains the superposition of unhydrolyzed

3":5"-cyclic-:AMP and the reaction product 3-AMP. The

ratio of the reaction products 3-AMP and 5-AMP can be
calculated as 50:1.
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and 5-AMP in a ratio of 7:1. Amrhein? reports
ratios between 8:1 and 30:1 in Catharanthus

roseus.
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Fig. 5. Elution patterns of 2":3"-cyclic-AMP and its hydroly-

sis products after digestion with the enzyme preparation.

The ratio of the reaction products 2-AMP and 3’-AMP can
be calculated as 1:1.

Discussion

Our results confirm the existence of
adenosine cyclic phosphates degrading enzyme in
Nicotiana tabacum L, var. Xanthi. Its activity is
distinguishable from the phosphodiesterase 1 (E.C.
3.1.4.1.) 16: 25,26 The properties of the enzyme are
similar to those obtained by Lin and Varner® on
pea seedlings and therefore seem to support the
opinion that this enzyme plays a role in the reaction
chain of RNA degradation. It might be the ribo-
nuclease II (ribonucleate 3’-oligo-nucleotidohydro-
lase, E.C. 3.1.4.23) with an activity towards 3":5"-
cyclic:AMP. An identification as either nucleoside
2":3"-cyclic-phosphate 3"-nucleotidohydrolase (E.C.
3.1.4.16) or nucleoside-2":3"-cyclic-phosphate 2’-
nucleotidohydrolase doesn’t seem to be correct, as
both 2-AMP and 3’-AMP appear as hydrolysis pro-
ducts. A function of the enzyme in a 3":5"-cyclic-
AMP mediated ‘second messenger’ system seems
very unlikely, as the enzyme is not specific towards
3':5'-cyclic-AMP, but also degrades 2':3’-cyc1ic-
AMP. The fact that theophyllin, a characteristic
inhibitor in such a ‘second messenger’ system in
animal tissues, does not show a supressing effect on
the reaction also supports our hypothesis. The in
vivo inhibition of 3":5"-cyclic-AMP degradation with
inorganic phosphate has been found in all so far
investigated adenosine cyclic phosphates degrading
systems in higher plants® 36816 A feed-back
mechanism via phosphate coming from the 3’:5'-
cyclic-:AMP-breakdown is hard to imagine, because
even if 3:5"-cyclic-AMP could be detected at all 17,
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it is still found in very low intracellular concentra-
tions.

After electrofocusing Wood et al.! obtained two
bands with two different pH optima one at pH 4.0
and one pH 7.0, postulating two different enzymes.
The possibility of having a mixture of two different
enzymes in the preparation with the same electro-
phoretic qualities and the same molecular weight
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