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SUMMARY: A heat-stable factor with properties similar to those

of calmodulin was found in the fraction containing CaZ+-dependent
cyclic AMP phosphodiesterase of Escherichia coli. The factor
activated such enzymes as cyclic nucleotide phosphodiesterase of
bovine brain, (Ca2+,Mgz+)ATPase of human erythrocyte menbrane and
myosin light chain kinase of rabbit myometrium in a Ca2+*-dependent
fashion with an apparent Kz of 5 x 10-5 M. The factor and brain
calmodulin had no effect on the phosphodiesterase of E. coli. It
may be concluded that calmodulin or a calmodulin-like protein
occurs in prokaryotes.

A heat-stable, acidic Ca2+—binding protein referred to as
calmodulin has been shown to have multiple Ca2+—dependent regulatory
activities, affecting erythrocyte membrane (Ca2+,Mg2+)ATPase, myosin
light chain kinase and other Ca2+—dependent reactions (1-3). Although
calmodulin has been reported to be ubiquitous in eukaryotes, it has
not yet been reported in a prokaryote. 1In this communication we
report that a heat-stable factor with similar properties to that of
calmodulin is associated with the Ca2+—dependent phosphodiesterase

in the soluble fraction of E. coli. Studies on the Ca2+—dependent

phosphodiesterase of E. coli will be described elsewhere.
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EXPERIMENTAL PROCEDURES

E. coli (0-143, K-X1), outdated red blood cells from local blood
bank, domestic rabbit (2,6 kg) and chicken gizzard from local slaughter
hause were employed for the present studies.

Ca2+—dependent phosphodiesterase of E. coli was purified as
follows. All manipulations were performed at 0 to 4°C. 16 g of wet
cells, which were grown aerobically at 37°C in a nutrient broth and
harvested at late logarithmic phase, were washed three times with
Tris-buffered saline at pH 7.5 and were sonicated for 5 min with 2
volumes of Buffer A (20 mM Tris-HCl, pH 7.5, 1 mM imidazole, 1 mM mag-
nesium acetate, 10 mM 2- mercaptoethanol 0.1 mM EGTALl/ and 0.43 mM
phenylmethylsulfonylfluorlde) The homogenate was centrifuged for 20
min at 35,000 x g. To the supernatant was added a saturated ammonium
sulfate solution (pH 7.5) to a final saturation of 55%. The pellet
was collected, dissolved in Buffer A containing 0.1 M NaCl and dialysed
against 100 volumes of the same buffer for 18 h. The dialysate was
applied to a DEAE-cellulose (DE-52) column (2.5 x 20 cm) equilibrated
with the buffer. After the column was washed with 200 ml of the buffer,
phosphodiesterase was eluted by a 600 ml of linear concentration gradient
of NaCl (0.1 to 0.5 M) in Buffer A. Fractions 6 ml each were collected.
Erythrocyte membranes were prepared by the method of Gopinath and
Vincenzi (4). Myosin light chain kinase was purified from rabbit myo-
metrium at the stage of DEAE-cellulose c¢olumn chromatography as de-
scribed previously (5). Chicken gizzard myosin light chain free of
calmodulin was prepared by the method of Perrie and Perry (6) and
Matsuda et al. (7). Calmodulin and calmodulin-deficient phosphodiesterase
of bovine brain were purified by the methods of Teo et al. (8) and Klee
and Krinks (9), respectively. [I- 32p]ATP was prepared by the method
of Post and Sen (10). Cyclic AMP, Crotalus atrox venom and ATP were
products of Sigma, and other chemicals were obtained from commercial
sources.

Phosphodiesterase was assayed by the method of Kakiuchi et al. {1ll)
employing 0.8 mM cyclic AMP as a substrate except that instead of 0.1
mM CaClp, 1 mM CaCly or 5 nM EGTA was used. (Ca2+,Mg2+t)ATPase was
assayed by the method of Kobayashi et al. (12). Myosin light chain kinase
was assayed as described previously (5). Protein was determined by the
method of Lowry et al. (13) with bovine serum albumin as a standard.

RESULTS AND DISCUSSION

Fig. 1 shows the elution profile on DEAE-cellulose column chromato-
graphy of E. coli phosphodiesterase. The enzyme emerged as two active
fractions. The first and major peak of phosphodiesterase activity was
absolutely Ca2+-dependent, and the second was independent. The first
peak, fractions 45 through 65 , were pooled and concentrated by an Amicon

ultrafiltration cell equipped with a PM-10 filter. This preparation was

employed for the following studies. The preparation was heated for 5 min

1/ The abbreviation used is: EGTA, ethylene glycol bis(p-amino-
ethylether)N,N,N',N'-tetraacetic acid.
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Fig. 1. Resolution of a Caz+-dependent phosphodiesterase on

DEAE-cellulose column chromatography employing linear concen-
tration gradient of NaCl (---). Detailed experimental condi-
tions are described under "EXPERIMENTAL PROCEDURES".
Phosphodiesterase activity was assayed in the presence of 1 mM
CaCl, (e—s) and in the presence of 5 mM EGTA (o—0).

in a boiling water bath to abolish the endogenous activity of phos-

. o . +
phodiesterase, and then assayed for its ability to activate Ca2 -

dependent enzymes. As shown in Table 1, the boiled sample (E. coli

factor) increased the activities of brain phosphodiesterase, erythrocyt

membrane (Ca2+,Mgz+)ATPase and myometrium myosin light chain kinase

Table 1
Effects of E. coli factor and brain calmodulin

on various enzyme activities

Enzyme activity

Additions Brain Membrane E. coli
PDE* (ca?® ,mg?*)aTPase MLCK** PDE*
nmol ‘nmol pmol nmol

None 12 18 10 34
E. coli factor 88 68 167 50
Brain calmodulin 120 87 197 34

* PDE, phosphodiesterase.

as total one.

** MLCK, myosin light chain kinase.
The enzyme activities were assayed under the respective standard
conditions described under "EXPERIMENTAL PROCEDURES" and expressed

Brain phosphodiesterase (13 ung protein), erythrocyte

membrane preparation (15.6 mg wet weight), myometrium myosin light
chain kinase (14.5 ug protein), E. coli factor (62 ug protein) and
brain calmodulin (1 mg protein) were employed for this experiment.
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Fig. 2. Effect of various amounts of E. coli factor on acti-
vation of brain phosphodiesterase. The enzyme activity was
assayed in the presence of 1 mM CaCl, (e—e) and in the presence
of 5 mM EGTA (o0—). The amount of bfain phosphodiesterase
employed was -25.5 ug of protein in the reaction mixture.

by about 7-, 4- and 17-fold, respectively. These were comparable to
the 10-, 5- and 20-fold increases obtained with brain calmodulin.

On the other hand, E. coli factor and brain calmodulin had little ef-
fects on the activity of E. coli phosphodiesterase. When E. coli
factor was treated with trypsin prior to assay, the activation of the
enzymes was no longer observed. Fig. 2 shows the effect of various
amounts of E. coli factor on a fixed amount of brain phosphodiesterase
in the presence or absence of Ca2+. The enzyme activity increased
progressively with increase in the amount of E. coli factor, and

a sufficient amount of the factor was found to result in maximal in-
crease in the enzyme activity. In addition, the reaction was abso-

lutely dependent on Ca2+. When the effect of various concentration

of Ca2+ on the activity of brain phosphodiesterase in the presence

of E. coli factor was studied, the maximum activity was obtained at
1 mM Ca2+ with an apparent K; value of 5 X 10-5 M. The Ka value was
higher than that with brain calmodulin. This is probably due to the

presence of an inhibitor proteing/ which is associated with the phos-

2/ This inhibitor was heat-stable and showed a molecular weight
of 20,000. Properties of this protein will be described elsewhere.
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phodiesterase of E. coli, as reported for the enzyme of rat brain {(14).

+,Mgz+)ATPase and myosin

Similar results were obtained also for (Ca2
light chain kinase.

These results shows that a component of E. coli phosphodiesterase
has many of the properties associated with calmodulin, namely, heat-

stability, sensitivity to trypsin digestion, ability to activate three

Ca2+ and calmodulin-dependent enzymes.
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