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Calmodulin and its Binding Proteins from Pollen Grains of 7Typha
latifolia, Pinus thunbergii and Zea wmays
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Calmodulins were purified from pollen grains of Typha latifolia, Pinus
thunbergii and Zea mays. They had almost the same specific activities for the
activation of bovine brain phosphodiesterase and showed the typical behaviors
as “calmodulin” in the presence of Ca?* or EGTA by the electrophoresis on a
polyacrylamide gel. Three kinds of pollen grains contained calmodulin in a
level of 0.05-0.10mg/g fresh weight and their extracts had the protein bands,
seemingly calmodulin-binding proteins, by the electrophoresis on a polyacryl-
amide gel. The extract of 7ypha pollen grains, after fractionated by the chro-
matography on a DEAE-cellulose column, yielded some bands showing di-
fferent mobilities in the presence of calmodulin + Ca?* and EGTA by the elec-

trophoresis.
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Table 1.

(A) Calmodulin from Typha pollen grains

Purification of calmodulins from pollen grains.

Step Volume Protein Total act. Specific act. Yield
(ml) (mg) ( units) (units / mg) %)

TCA precipitate 13.8 92.6 29,256.0 315.9 100.0

Affinity Chromatography 13.3 812 25,521.4 7,975.4 87.2

Sephadex G — 100 15.9 2.4 21,542.9 8,976.2 73.6

DEAE-—TOYOPEARL 650S 16.8 0.84 L3518 13,514.0 38.8
(8) Calmodulin from Pinus pollen grains

Ste Volume Protein Total act. Specific act. Yield

p ( ml) (mg) (units ) (units/mg ) (%)

TCA precipitate 26.0 49.4 13,182.0 266.8 100.0

Affinity chromatography 22 2.64 7,559.1 258633 57.3

Sephadex G — 100 16.0 0.50 4,972.2 9,944.4 37.7

DEAE — TOYOPEARL 650S 12.8 0.169 2,060.0 12,189.3 15.6

() Calmaodulin from Zea pollen grains

Step Volume Protein Total act. Specific act. Yield

(ml) (mg) (units) ( units / mg) (%)

TCA precipitate 41.0 350.1 14,877.1 42.5 100.0

Affinity chromatography 11545 0.884 5, LB T 5,861.7 34.8

Sephadex G—100 13.5 0.351 3,281.9 9,350.1 22.1

DEAE — TOYOPEARL 6508 8.0 0.232 2734352 10,100.0 15.8
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Fig. 1. Polyacrylamide gel electrophoresis of

calmodulins purified from pollen grains.

Electrophoresis was carried out on 15% poly-
acrylamide gel in 50mM Tris/384mM glycine

at a constant current of 20mA.  The gel was

stained for proteins with coomassie brilliant
blue R.

Lane:(A) Pinus calmodulin+2mM Ca®*, (B)
Pinus calmodulin+2mM EGTA,
calmodulin+2mM Ca?%  (D)Typha calmodulin

+2mM EGTA, (E) Zea calmodulin+2mM Ca?*
(F) Zea calmodulin+2mM EGTA.
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Fig. 2. Effect of calmodulin from pollen grains

on activation of bovine brain phosphodiestera-

se.

The reaction mixture (1 ml) consisting of 500mM
Tris-HCl, pH 8.0, 0.5 mM MgClz, 0.05 mM
CaClg, 0.1 unit of alkaline phosphatase, 0.01
unit of bovine brain phosphodiesterase, 2 mM
cyclic AMP and calmodulin at the concentra-

tions indicated above was incubated at 30°C for

30min and Pi liberated was measured by the

method of Furchgott and Gudareff(”. The final

specimens of calmodulin described in Table 1
were used. x—X, Typha calmodulin.,, O—0,
® , Zea calmodulin.

Pinus calmodulin., @
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Fig. 3. Polyacrylamide gel electrophoresis of extract from Typha pollen grains fractionated on a
column of DEAE — cellulose.

The extract(150 ml) obtained from 18g of Typha pollen grains in 20mM Tris—HCI, pHT7.5, contain-
ing 0.1mM EGTA and 0.5M sucrose (Buffer C) was 40 % saturated with(NH,), SO, with constant
stirring and allowed to stand for 30 min. The precipitate was removed by centrifugation. at 17,000 X
gfor 10min. The supernatant was 75% saturated with (NH,);SO, with constant stirring and allowed
tostand for 30min. The mixture was centrifuged at 17,000 g for 10min.  The resultant precipitate
was dissolved in small amount of Buffer C and dialyzed against Buffer C. The dialysate was put
on a DEAE— cellulose column( 1.5 % 28cm) and washed with 50ml of Buffer C. The proteins were
eluted with a linear 0—-1.0M NaCl gradient (total volume of 300ml) in Buffer C. Four-ml fractions
were collected.  Fractions of No.43—45, No.46—48, No.49—51 and No.52—54 were combined res-
pectively and used as samples of polyacrylamide gel electrophoresis. Electrophoresis was
carried out on 5—15% gradient gel in 20mM Tris/ 122mM glycine at a constant current of 20mA.
The gel was stained for proteins with coomassie brilliant blue R.

Lane: (A) Typha calmodulint2mM Ca?*, (B)Typha calmodulin + Frac. No. 43—45 + 2mM Ca ?* ,
(C) Typha calmodulin+ Frac. No. 46—48 + 2mM Ca 2*, (D) Typha calmodulin+Frac. No.49 —51 +

2mM Ca?*, (E) Typha calmodulin+Frac. No.52—54 + 2mM Ca?*, (F) Twpha calmodulin+2mM.GTA,
(G) Frac. 43 — 45+ 2mM EGTA, (H) Frac. No.46 — 48 + 2mM EGTA, (I) Frac. No. 49 — 51 + 2mM
EGTA, (J) Frac. No. 52 — 54 + 2mM EGTA. The arrows indicate the proteins showing different
mobilities in the presence of calmodulin + Ca?*and EGTA.
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