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Abstract---An enzyme. which hydrolyzes 3’,5’-cyclic AMP to 3’-AMP and 5’-AMP, has been Isolated from dormant 
tubers of Jerusalem artichoke and purified 850 x with a recovery of 15% of total activity The partially purified 
enzyme differs greatly from both ammal and bacterlal phosphodlesterases m terms of pH optimum, substrate 
speclficlty, cation dependence and sensltlvlty to methylxanthmes The plant hormones are without effect, whereas 
ATP, S-AMP, 3’-AMP, morgamc phosphate and pyrophophosphate are mhltntors. The enzyme seems to be 
greatly Inhibited rn UIVO by morgamc phosphate durmg dormancy 

INTRODUCTION 

ADENOSINE 3’, 5’ cyclic monophosphate (cyclic AMP) has been shown to be an intracellular 
mediator of the response to a number of animal hormones’ and to control some aspects 
of bacterial metabolism.’ The level of cyclic AMP depends upon two enzyme activities; 
adenylate cyclase, which catalyzes the formation of cyclic AMP from ATP; and phospho- 
diesterase, which hydrolyzes cyclic AMP to 5’-AMP. The animal hormones induce a 
change in the concentration of cyclic AMP within the cells of their target tissues by activat- 
ing a membrane-bound adenylate cyclase.’ 

Cychc AMP has recently been detected in higher plant tissues by different assay techni- 
ques 3-6 and its possible roles as mediator in plant hormone effects has been envisaged.7-‘6 
Some mformatlon on the metabohsm of cychc AMP in higher plant tissues is also avail- 
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able enzymatic synthesis of cychc AMP from ATP has been detected m extracts from 
Vznca VOSPU tumor cells’ ’ and Jerusalem artichoke tubers;16 cychc AMP degrading phos- 
phodiesterases have been purified from potato tubers,‘8$‘y pea seedlmgs.“’ soybean 
callus,” ’ barley seeds22 and Phascolus.23 

After the discovery of an enzymatic system forming and degrading cychc AMP m dor- 
mant tubers of Jerusalem artichoke,16 we have mvestlgated Its possible role m the metabo- 
lism of cychc AMP. We observed4 that the rapld decline of cychc AMP level. occurrmg 
at the dormancy break of Jerusalem artichoke tubers. was accompamed by a correspond- 
mg increase m phosphodlesterasc activity toward cyclic AMP and by a dramatic degrada- 
tion of cychc AMP UI LX,O Since these observations suggested a role for phosphodlester- 
ase(s) m the control of the levels of cychc AMP m Jerusalem artlchokc tubers, it seemed 
interestmg to study this enzyme m more detail. This paper deals with the purlficatlon and 
characterlzatlon of a soluble cychc AMP phosphodlesterase from dormant tubers of Jeru- 
salem artichoke The effect of different factors, including the plant hormones. on the actl- 
vlty of partially purified enzyme has also been investigated m order to elucidate the 

mechanism regulatmg its actlvlty 

RESULTS 

Pwzjicutron 

The results of a typlcal purlficatlon of the enzyme are summarized in Table 1. A purlfica- 

tlon of 850 x was obtained with a recovery of 15’?. of total activity As shown m Table 

1, dialysis of crude extract IS the purification step glvmg the greatest Increase m enzyme 
specific activity Crude extract contams 2 mM morgamc phosphate (PI) The dlalysls of 
the crude extract completely removes the PI and Increases the enzyme actlvrty IO-fold. The 
addltlon of 2 mM PI to the dialyzed extract reduces the phosphodlesterase activity to the 
pre-dlalysls level 

TAI~LI I Pr KI~I(‘ATIOY ok JLRLSALI M AKII( HOKL i~Hos~f1oIxFsrI K&t 

ToLlI Total SpXlfiC 
protctrl enryme 3Ctl\lty Rclat~vc 

Fraction (mg) (UnIta) (units, mgl purlt! 

Supcrndtant 
105000 g 12x4 25 6 0 02 I 0 
Superndtant 
after dralyss 70X 1416 0 20 IO 0 
Ammomum wlphate 
(25 45”. satd) 132 67 2 0 51 25 5 
Sephadex GLOO 10 240 2 40 1200 
DEAE-cellulose 13 22 0 17 0 850 

Recovery of 
3Ctlvlt~ 

loo 

47 
17 
15 
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Properties of the enzyme 

In acetate buffer, maximal enzyme activity was obta1ned between pH 5.2 and 5.4. At 
a concentration of 1 mM, Mg”‘, Mn’ A and EDTA slightly (1 l&115%) stimulated the 
enzyme activity, whereas 1 mM Ca’ ’ sbghtly inhibited. Caffeine (8 mM), theophylllne (8 
mM) and Ro-7-2956 (0.01 mM)24 were not inhibitory to Jerusalem artichoke phosphodles- 
terase, although they have been shown to inhibit animal and bacterial enzymes, whereas 
lmidazole (8 mM) slightly stimulated (+ 15%) enzyme activity Most phosphate esters were 
strongly inhibitory: at 1 mM, ATP ( - 65%) 5’-AMP ( - 90%), 3’-AMP ( - 92%) 3’5’-cyclic 
AMP (-58x), 2’,3’-cyclic AMP (-97%) 3’,5’-cyclic GMP (-59x), 2’,3’-cyclic GMP 
(-98x), 3’,5’-cyclic UMP ( -65x), 3’,5’-cyclic IMP (- 52%) and 3’,5’-cyclic CMP (- 38%). 
Inorganic phosphate and pyrophosphate at 010 mM both showed 70% 1nh1bitlon. On the 
other hand indoleacetic acid, gibberelllc acid, absc1sic acid and fuslcoccln had no effect 
on the enzyme activity at 0.1 or 1 mM. The cytoklnin. isopentenyladenos1ne, inhibited the 
enzyme activity slightly (115%) at 3 mM. To determine the K,, purified phosphodlesterase 
was assayed, as described under expenmental, but with a different concentrations of cyclic 
AMP (9 x lo-” to 8 x 10m4). The apparent K, calculated for 3’,5’ cyclic AMP phospho- 
diesterase was approximately 6.8 x lo- 4 M. 

Chromatographlc identlficatlon of the reaction products. When the reaction mixture was 
chromatographed with either Solvent A or Solvent B, radioactivity was always localized 
1n the area of authentic 5’-AMP (Rf = 0.10 1n Solvent A and 0.43 1n Solvent B) and 3’- 
AMP (Rf = 015 in Solvent A and 0.28 1n Solvent B). Cyclic AMP phosphodlesterase also 
degraded 2’,3’ cyclic AMP. When the reaction mixture for 2’,3’ cyclic AMP phosphodies- 
terase was chromatographed with Solvent B, only 3’-AMP (Rs = 0.28) but not 2’-AMP 
(RJ = 0.35) was detected. The R, of 2’,3’ cyclic AMP was 012. Cyclic AMP phosphodies- 
terase d1d not contain nucleotidase activity, but showed slight activity toward RNA. 
However, the rlbonuclease could be separated from cyclic AMP phosphodlesterase by 
disc-gel electrophoresls. 

DISCUSSION 

The partially purified enzyme greatly differs, in terms of pH optimum, substrate speci- 
ficity, reaction products, cation dependence and sensitivity to methylxanthines, from both 
an1ma1”25 and bacter1a126*27 phosphodiesterases and seems very similar to that extracted 
recently from pea seedlings2’ and barley seeds.22 

The plant hormones tested are ineffective on the activity of partially purified phospho- 
diesterase. In this respect, Jerusalem artichoke phosphodiesterase is similar to animal 
phosphodiesterases, for which direct hormonal regulation has not been found.’ Further- 
more, we have observed that ATP,S’-AMP,3’-AMP, inorganic pyrophosphate (PPi) and 
Pi are inhibitors. suggesting that the enzyme 1s susceptible to some regulation. Since ATP 
1s a substrate of the reaction catalyzed by adenylate cyclase,“j 1n contrast to 5’-AMP and 
3’-AMP which have been found to be the products of phosphodiesterase, one might specu- 
late that the regulation occurs during the synthesis and the breakdown of cyclic AMP. 

24 SHEPARD. H and VIGGAN, G (1971) Molecular Pharm 7, 111 
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As for potato phosphodlesterase.‘” PI IS a natural mhlbltor of Jerusalem artichoke phos- 
phodlesterase. PI was found m crude extract of dormant tubers at very high concentration, 
suggesting that the enzyme may exist durmg the dormancy period m a greatly mhlblted 
state UI LYCO. This posslbllity 1s supported by the findmgs that, m spite of the presence of 
phosphodlesterasc. the cychc AMP content m dormant tuber tlssucs 1s very high compared 
with that of activated twues ’ 

Jerusalem artichoke phosphodlesterase. like pea seedlmg and barley seed phosphodles- 
terases,““2” hydrolyzes both ?‘,5’ cychc AMP and 2’.3’ cyclic AMP Lm and Varner,“’ 

assummg that the hydrolysis of both cyclic nuclcotIdc phosphates CC;I~ due to the same 

enzyme. suggested that the pea secdlmg phosl?ho;-l~esterase. hqdrolqTmg the 2’,3’ cychc nu- 
cleotldes produced by rlbonuclcase. could pl”y a crucial role 111 the dcgradatlon of RNA 
Our prewous observations on the metabolism of cyclic AMP durmg dormancy break of 
.Jerusalcm artichoke tubers” suggest that the enzyme JIl~estJgated Jn the present study may 

represent a phqsJologJca1 mech:inJsm of cyclJc AMP degr:ldatlon ~17 higher plant tJssues. 
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Enzyme pur$cat~on All procedures were carried out at 2”-4” Step 1 In a typical experiment, 200 g of peeled 
tubers were cut mto small pieces and homogenized with 200 ml of 10 mM Tris+HCl, pH 7 4, m an OmmMlxer 
set at high speed for five 30-set periods with coolmg between each homogemzatlon The homogenate was then 
filtered through 3 layers of cheesecloth and the resulting filtrate was centrifuged 2 hr at 105 000 4 The supernatant 
was taken as the crude extract for purification of the enzyme Step 2 The supernatant was dialyzed against 20 
vol of 10 mM Trls-HCI. pH 7 4, with constant agitation for 24 hr, wrth 4 changes Then the soln was centrifuged 
at 10 000 9 for 20 mm to remove the ppt which formed durmg dialysis Step 3 The clear supernatant was then 
fractionated with (NH&SO4 The preclpltate between 25-45’!/ saturation was dissolved m 10 ml mM Trls-HCI, 
pH 7 4 Step 4 A column 2 5 x X9 cm, contammg Sephadex G200, was washed with 10 mM Trls-HCl, pH 7 4 
30 mg of protem enzyme obtamed by (NH&SO, preclpltatlon was applied to the column Fractions (4 ml) were 
collected (at a flow rate of 8 ml/hr) and analyzed for protem content and phosphodlesterase activity Phospho- 
dlesterase activity was eluted between 12&170 ml Step 5 The pooled Sephadex fractions (3@42). contammg 
2 2 mg of protem, were apphed to a DEAE-cellulose column (1 x 10 cm) equlhbrated with 10 mM Trts-HCl, 
pH 7 4 The column was washed with 10 mM Trls-HCI, pH 7 4, and the proteins were eluted stepwise m I ml 
fractions with 0 125,O 250,O 375 and 0 5 M NaCl m 10 mM Trls-HC1 adjusted to pH 7 4 The phosphodlesterase 
was eluted with 0 125 M NaCl The active fractions where collected and used m all experiments described hereafter 
At this stage the phosphodlesterase was unstable The enzyme actlvlty was completely lost after 4X hr at 2-4” 
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