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SUMMARY: Addition of the active auxins indole~3-acetic acid,
2,4-dichlorophenoxyacetic acid or a-naphthylacetic acid to cul-
tured soybean (Glycine max L.) cells prelabeled with ethanola-
mine or choline Increased the radioactivity in the lysophospha-
tidylethanolamine (LPE) or lysophosphatidylcholine (LPC) pool
within 5 min. The inactive auxin analogue, B-naphthylacetic
acid, was inactive in this response. 1In membranes prelabeled
in vivo, either with ethanolamine or choline, and subsequently
isolated from zucchini (Cucurbita pepo L.) hypocotyls, indole-
3-acetic acid and 2,4-dichlorophenoxyacetic acid stimulated the
conversion of phosphatidylethanolamine (PE) to LPE and of phos-
phatidylcholine (PC) to LPC in vitro whereas the inactive auxin
analogue 2,3-dichlorophenoxyacetic acid did not. o 19890 acadenic

Press, Inc.

We have shown that the lysolipid-like phospholipid, plate-
let-activating factor (1-0O-alkyl-2-acetyl-sn-glycero-3-phospho-
choline) stimulates a membrane-associated plant protein kinase
and H*-ATPases (1-5). More recently, also LPC and LPE were
found to be active in these two assays (6). This prompted our
search for a stimulus of plant phospholipase A, activity which
would generate lysophospholipids and in turn would activate the
protein kinase found by us {4,6). Our results show that biolo-
gically active auxins stimulate phospholipase A, in vivo and in
vitro whereas inactive analogues were ineffective.

D METHODS: Soybean cells (Glycine max L.) were

grown in suspension culture (5) and used 5 d after inoculation
in the late logarithmic phase of growth. A 100 ml culture was
transferred into auxin-free medium for 18 h and then 2 pCi 14C-
ethanolamine or !4C-choline (Amersham, Braunschweig, FRG) was
added. After 3 h the medium was removed by gentle suction and
the cells were washed with a small volume of fresh auxin-free
medium. The cells were divided into two cultures of 40 ml
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each, one with 5x10-4 or 10-3 M hormone, one without. Samples
of 5 ml were withdrawn, spun down rapidly and the cells suspen-
ded in 4 ml chloroform/methanol 1:2 (v/v) and left for 30-60
min at room temperature. Then 1 ml 0.1 M KCl was added, the
resulting chloroform phase was dried in vacuo and dissolved in
a small volume of chloroform for thin layer chromatography.

Zucchini (Cucurbita pepo L.) seedlings were grown for 4 4
in the dark at 25-30 °C to 3-5 c¢m length. Pieces of 1 cm
length were cut with a razor blade from the hypocotyl hook
downward and 5 g tissue incubated in 10-20 pCi '4C-ethanolamine
or '4C-choline in 6 ml water for 4 h at room temperature in the
dark. The sections were rinsed with water and homogenized
together with 20 g freshly harvested unlabeled sections (tis-
sue/buffer ratio 1/1 (w/v)) in 0.5 M sucrose, 1 mM EDTA, 1 mM
dithiocerytritol and 15 mM Tris/HCl pH 7.5. The homogenate was
centrifuged for 10 min at 10,000 g and the supernatant again
for 30 min at 50,000 g. The resulting pellet was resuspended
in 18 ml incubation buffer consisting of 250 mM sucrose, 250 mM
2-(N-morpholino)ethanesulfonic acid (Mes/Na*) pH 5.5 and 1.5 mM
MgCl,. Auxins were added from 0.1 M ethanclic stock solutions
at a concentration of 2 x 10-5 M and the same amount of ethanol
was added to controls. Assays were incubated at 25 °C and
samples of 1 ml were taken at appropriate time intervals,
extracted by the procedure of Bligh and Dyer (7) and dried 1in
vacuo for processing by thin layer chromatography. For 14C-
choline incubations the procedure was slightly modified. Mem-
brane pellets were resuspended in 3 ml incubation buffer. Sam-
ples of 0.1 ml were taken, extracted (7) and the whole chloro-
form phase was submitted to thin layer chromatography.

Thin layer chromatography was done as described (8). For
quantitative analysis, a solvent system of chloroform/metha-
nol/acetone/acetic acid/water 100/20/40/20/10 (by volume) was
chosen. After completion of the chromatogram, the silica gel
was scraped off and the radiocactivity counted in a scintilla-
tion counter.

RESULTS

In soybean cell cultures or zucchini hypocotyls labeled
for 2-4 h with 14C-ethanolamine the major radioactive 1lipid
was phosphatidylethanolamine (PE) containing about 90% of the
radiocactivity (Fig. 1). Other radiocactive lipids were identi-
fied by two-dimensional thin-layer chromatography (7), subse-
quent autoradiography, treatment with iodine vapor and sprays
sensitive for amino groups and phosphorus (not shown). Phos-
phatidylcholine (PC), lysophosphatidylethanolamine (LPE) and a
phospholipid tentatively identified as N-acyl-phosphatidyletha-
nolamine were the minor radioactive lipids. The latter one is
a component of many plant seeds (9,10). When auxin-depleted

ethanolamine-prelabeled cells were treated with 5 x 10-4 M or
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Fig. 1. Auxin-stimulated turnover of !4C-ethanolamine-labe-
led phospholipids in cultured soybean cells. (a) Compari-
son of labeled products in the presence (e) and absence (o) of
10-3 M indole-3~acetic acid after 5 min chase of label. (b)
Comparison of labeled products after in the presence (e) and
absence (o) of 10-3 M indoleacetic acid after 90 min chase of
label. Products were separated by thin-layer chromatography

and 0.5 cm wide strips were counted.

10-3 M indole-3-acetic acid, a rapid redistribution of label

with a decrease in PE and an increase in the other labeled

phospholipids was observed (Fig. 1). The relative amount of

radioactive LPE increased most dramatically to more than ten-

fold of the amount present at the start and more than fivefold

— —_n

g 2o .

° a 2 x 504b

Q@ @

2 . 28 P

[ 5 2= g o

é E;%‘ ?93( (AA
WE 100] e G EGI00Y e
g % '- t tt:_ COn(.r’?l ; —8' 8 confrol o
= E hormone e~ F3 = E 2 \O
83 addition PE. 9%« \
K<l | 1AA | o5 3
8;? 50 ‘ y Hf' 8$f,8 50
.5 Ve ol, JZ®

.2 ;3 00O, o &

+ O control [=] i=)

°\0 T T T T 2\2 o T T Y T

= Q 30 60 90 0 30 60 90

time {min) time (min)

Fig. 2. (a) Kinetics of radiocactive PE and LPE in the

absence and presence of 10-3 M indole-3-acetic acid in cultured
soybean cells prelabeled with

of total lip
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same experiment.
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Fig. 3. Kinetics of radiocactive LPC in the absence and
presence of 5 x 10-4 M of the two active auxin analogues 2,4-
dichlorophenoxyacetic acid (a) and a-naphthylacetic acid (b)
and the inactive analogue B-naphthylacetic acid (b).

as in control cells without hormone (Fig. 2a) whereas the
relative amount of radioactive PE decreased only little. The

other two labeled products,

slightly during incubation with no clear

shown).
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The difference between the controls and hormone-trea-

ted cells in LPE content was apparent after 5 min and dramatic

after 90 min whereas a

different pattern in total

lipid-bound

radioactivity was not apparent (Fig. 2). When soybean cells
were labeled with !4C-choline, only PC and LPC were identified
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Fig. 4. Formation of lysophosphatidylethanolamine (LPE)

in ethanolamine-prelabeled membranes
Labeled phospholipids
incubation of the membranes with 2 x 10-5 M hormones and

hypoctyls.
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branes.

were

extracted

isolated from =zucchini
after the
sepa-

The experiment shown in panel a and
panel b were made simulataneously with the same batch of mem-
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as radicactive lipids (not shown). Biologically active auxins,
2,4-dichlorophenoxyacetic acid and a-naphthylacetic acid, ap-
plied to such cells again induced a rapid turnover of radioac-
tivity from PC to LPC which was cleraly apparent after 5 min
(Fig. 3) whereas the percentage of radioactive LPC in the pre-
sence of the inactive B-naphthylacetic acid and in the controls

remained constant.

A stimulation of LPE production from prelabeled PE and of
LPC production from prelabeled PC by auxins was also observed
in isolated membranes (Fig. 4 and 5). Clearly, this indicates
a stimulation of phospholipase A, by auxins. In vitro stimula-
tion could be observed after 5 min and was specific for the
native auxin indole-3-acetic acid and the biologically active
analogue 2,4-dichlorophenoxyacetic acid at 2 x 10-5 M but not
for the inactive analogue 2,3-dichlorophenoxyacetic acid. In
experiments with five independent membrane preparations values
for radioactive LPE increased after 5 min by 30% (+ 16%) above
the control level (=100% at t=0) and by 73% (+ 9%) in assays

with 2 x 10-5 M auxin.
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Fig. 5. Formation of lysophosphatidylcholine (LPC) 1in
choline-prelabeled membranes isolated from zucchini hypocotyls.

The hormone concentrations were 2 x 10-5 M and the thin layer
chromatography of radioactive products was done as in Fig. 1.
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DISCUSSION

For the first time, we demonstrate the stimulation of
phospholipase A, by the plant hormone auxin in vivo and in
vitro. This constitutes a new hormone-sensitive reaction which
is apparent after 5 min and very rapid when compared to cell
extension growth and proton extrusion, two other prominent
responses of plant cells to auxin which typically exhibit a 10
min lag phase (11). Recently, the membrane-associated auxin
receptor from maize has been shown to function in the signal
transduction of the hormone response (12). Inasmuch as the
stimulation of phospholipase A, is membrane-associated it could
be part of the signal transduction mechanism as it is found in
animal cells (13,14). This is further suggested by our finding
that both LPC and, to a lesser extent, LPE are suitable to
stimulate a membrane-associated protein kinase which phosphory-
lates substrate proteins in the tonoplast and the plasma mem-
brane (6).
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