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Sutminary. Extract,s of the tendril,s of Pisumtn satiVumtt, Var. Alaska, exhibit
adenosine triphosphatase activity which is inversely proportional to the amount the
tendrils have coiled. The specific viscosity of the extra,ct decreases when ATP is
added. This evidence indicates a possible role of a contractile adenosine triphosphatase
in coiling.

Recently, we have shown that ATP is an energy

source in the coiling movement,s of pea tendrils
(2). Dulring contact coiling, the level of encdog-
enous Pi increases, while the ATP titer decreases.
The addition of ATP or ADP, bult not AMP or

adenosine to the bathing solution, increa,ses the
coiling of excised tendril,s. Such observ,ations indi-
ciate that ATPase activity may be associated with
the coiling of pea tendrils, as it is with muscle
contraction (4), the movements of the plasmodium
of Physarutmii polvcephalumi1t (3) and the rapid move-

ments of M1im1iosa puidic(o leaves (T. Sibaoka, per-

sonal communication).
The methods for measuring contact coiling in

the tendrilis of light grown Alaska pea plants have
been previoutisly reporte(d (1 ). In these experiments,
the tendrils were stimulated and allowed to coil
in situ. For the ATPase determinations, 10 to 20
tendrils (ca 50 mg) were harvested, frozen and
ground in a mortar with 30 ml of tris-maleate
buffer (20 mm at pH 6.4). The ground material
was cenitriftuged at 0° for 90 minutes at 2700 X g

and ithe supernatanit fluid made uip to 30 ml. The
rate of the reaction was linear for the firs!t 30

minutes, hence the Pi content of 4.5 ml aliquots of

each sample was determined before and after the

incubation of the appropriate reaction mixtulre for

30 minuttes at 240. For the reaction mixture, 0.5

ml of 6 mM Na salt of ATP or other suibstrate was

added to 4.5 ml of tendril extract. The reaction

was stopped after 30 minui,tes incuibation by im-

mersing the ttubes containing the reaction mixtuires

in boiling water for 15 minutes or by the adtlitioni
of an equal voltume of I M trichloroacetic acid.

After centrifugation for minuites at 2000 X g,

Pi determinations were made on the supernatant
fluiid as previou-sly described (2).

To obtain suifficient ATPase for viscosity meas-

uirements, 12 g of frozen tendrils (roughly 1]200
tendrils) were ground in a frozen mortar, with

8 ml of graduially added extraction slolution com-

posed of 600 mm KCl, 40 mm NaHCO, and 10 mM

N;a,CO3 (6) and squteezed throuigh cheesecloth to

remove fibrous material. The grinding took abouit

1.5 hours and restllted in 7.0 ml of filitered extract.

After storage at 16° for 30 mintutes, the exitract
was centrifuged at 00 for 30 minutes at 2700 X g,
providing 6.0 ml of ain opaqule greell supernatant

Table I. A TPase Acti-vity in Extracts from Tendrils at Rest or Allowed to Coil for 20 or 30 M1inuates
The data represenit increaises in P1 after 30 minutes of incubation. Pi was determiled at 650 rnm after the addi-

tion of phosphonmolybdate chromogenic reagent.

Nanomoles Pi released
per mg fr wN-t

Enzymatic Coiled
activity X 100
stopped by Expt Resting tendrils Coiled tendri!s Resting

Boiling 1 27.0 14.0 52
2 2.9 1.5 52
3 13.0 11.0 85

Trizhloroacetic acid* 4 10.0 7.4 73
5 11.4 8.1 71
6 14.1 7.4 52

* Equal volume of 1 NI trichloroacetic acid added to reaction mixture.
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flui(l. For viscosity measurements, ( .st
having a mniiimum volunme of 3.0 ml
The (lelivery times of the extracting s
ain(l of the extract (t.,) were c'-eterm:i
specifc viscosity of the soluition comnp
following formula (ITI).

Specific viscosity
t.,

tI
Akfter temperatuire equiilibratioin of

AT1' sioltution, 0.4 ml of 20 m.o ATI vN
the Ostwald p.pette and mixed wvith tI
extract, yiel-ding a final concentration
ATP. Throtighouit the exper:ment, m
were made a-It 2 or 3 minute intervals.

The extracts contained ATPase ac
was lower in tenidrils that hacl coile,d ir
or 30 minuites than in uinstimulated]. tendr
The variation occuirrinig xvheni the reac
was heated to stop the enzymatic activi
ably due to irrgullar accelerations of
as the mixture heated uip. Thus halting
with TCA is the preferred metho(l.
of t,his decrease in ATPase activity
caintly correlate(d ith the kinetics o-
tenId(rils in situi (fig 1). ITP, GTP an
about 6/7 % anId ADP aboutt 44 % as
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Ftc;. 1. Correlation of kinetics of coiling (above) withi
the kinetics of (lecrease in ATPase activity (below). FOr
the ATPase assay, samples xxvere extracted fremii co;ling
tend(Irils at various times after stimulation, the reaction

ixttures incubated for 30 miniutes xlkA tlie Pi imieasured
ait 650 nm using, the lhos0homolx-l)dlate chlrcmogenic re
a(g,ent. The correlationi coeffiient hetween the 2 sets
of (lata was -0.935 adlid xwas sig-nificatnt at the 1 % level
(5) .

sald p pettes ATP. The addition of ATP to an extract of Ut-
w-ere usecd. stimulatedI tendrils resulted in a (lecrease in the

;olution (tl) specific viscosity of the extract (fig 2). This wvas
ine(d and(I the Ilot (duie to diltitioin of the extract, sinlce addition of
ntedl by the the same amoulnit of Nwater ha(l nio effect oni the

speci viscosity.
If contact coiling resulting in part from the

-1 ( I ) contractioln of the ventral surface of the tend(lril
(1) is dependeent oni the ut'lization of ATP (2),

extract and thn Tlseaivymas ta(ldle(l t theo -Tnase activity mnst be present, as here
hes3.0 mcl of (lemonstrate(l. The (lecrease in ATPase activit)
he 3.0 ml of oobserved (diurinig coilinig is explicable if the ATPase
of 1.18 mit retains AMP or some other pro(duict of its activity
easuremenlts on its active sites, thtus blocking them and(I rend(lerinig

them uina-ivailable for fnrther action. Such a mecha-
gti)which
ssitui for 20

ils (table I). A U
tion mixture ATP
ty was prol)-
that activity I
the reaction
The kinetics 0.850
vere siglnlfi-
f cotiling of

id CTP were
e,ffective as

> 0.800
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Minutes
FTG. 2. TIle effect of a finial concentration of 1.18

nm ATP oni the specific xviscosity of the teid(l-il extr:tct.
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nism has been postulated for the decreased activity
of muscle actomyosin (4). The ability of the crude
enzyme preparation to utilize ADP, GTP, ITP and
CTP as well as ATP is consonant with our previous
findings (2) that these compounds are able to in-
crease the rate of coiling in excised tendrils in the
dark. Further evidence supporting the role of
ATPase in coiling is the demTonstration of ATPase
activity in,an extract that also displays the actomyo-
sin-like property of visco-sity decrease in the pres-

ence of ATP. To the best of our knowledge this
is the first demonstration of a contractile ATPase
associated with the rapidly moving organ of a

higher plant, although it has been found to exist
in a slime mold (3) and in the vascular tissue of
the leaves of various species (6).
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