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ABSTRACT

Ethylene was found tc have no effect on auxin transport inm
hypocotyls, coleoptiles, or leaf puticles, ) ’
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1. INTRODUCTION

Zimmermon and Wilcoxon! were the firet to show that auxin stimulated
ethyiene synthesis, Since that time we have reported®'? that endogenous
as well as exogenous levels of auxin may affect ethylene biosynthesis.
However, the reverse effect, that of ethylene on auxin metabolism and
physiology, has been reported in relatively few papers.*-® The equivocal
results of some of these earlier papers are discussed larer.

We are reinvestigating the effect of ethylene on auxin transport
because others have used an inhibition of transport to explain the
rhysiological effects of ethylene. Por example, Hall and Morgan’
found chat greater amounts of indoleacetic acid (IAA) oxidase were
extrac..d fr.m ethylene-treated vs. control plants, They postulated
that the increased activity of the oxidase prevented the auxin from
reaching the abscission zone and that lowered auxin levels {n turn
permitted leaf abeciseion. By measuring auxin transport through a
variety of plant structures such as coleoptiles, hypocotyls, and petioles,
it should be possible to determine if ethylene enhances oxidase levels
in vivo. 1If increased levels of oxidase are acting in ethylene-treated
sections, cthen less auxin should be collected from the bottom of treated
sections. Inhibition of growth* and geotropisn® by ethvlene are other
examples that might implicate an effect of ethylene on auxin transpert.

In this report we will show that ethylene has no significant effect
on auxin transiort.

Five plant species were chosen for the experiment—Z2e¢a mays L. var,
Burpee’'s Snowcrop (corn), Helienthus annuus L. var, Memmoth Russian
(sunflower), Gossypium hirsutum L, var, Acala 4-42 (cotton), Phareolus
vulgaris L. var, Red Kidney (bean), and Coleus blumei Benth, (coleus).
The methods of growing and collecting corn and sunflower w . almost
identical with those described by Gillespie and Thimann.® Cotton and
bean plants were grown in soil in 10-cm pots under 1200 foot candles
of a combination of fluorescent and .ncandescent lights for 14 hours
per day at 27 C. Coleus plants were grown in the greenhouse in soil.

Etiolated beans were grown on moist vormiculite at 25 C and ha.ceated

after 7 days.

oo

Efi!-vioun pages weors blank, therefore not filmed. l

P T




P e b 1T

e G R

A s A

Petiole sections were collected from the middle of the petioles of
(1) the primary leaf of 2-week-o0ld beans; (11) the cotyledonary leaf
of 2-week-old cotton plants; and (1i1) the fourth leaf of coleus
leaf number . b2ing the uppermost with a petiole of 5 mm or more.
Hypocotyl tissue from eticlated beans was collected just below the crook.

The beta-indoleacetic-2 Cl4 acid (Cl41AA) (specific activity 0.96
wmicrocurie per mole) was used as obtained from Baird Atomic Inc.,
Cambridge, Magsachusetts, The purity of the compounds waa checked by
paper chromatography!® and the radioactivity of the spots was assayed
with a strip scanner. Ninety-five per cent of the activity was
associated with a Salkowski-positive spot that had a R, similar to that
of pure IAA.

Agar disks (1.57%) containing Cl41AA were prepared according to the
method of McCready.,}! Activity of the agar blocks and tissue was measured
by a windowless flow counter, The method of preparing samples for counting
followed eesentially that of McCready.}?

Sections of tissue 5.7 mm long, apical or distal end upward, were
set on plain agar disks (height 1.5 mm, diameter 5 mm). Another agar disk
of similar dimensions that contained 6 x 10-10 mole of Cl4IAA was set on
top of the tissue sections. This concentration of Cl4IAA was the lowest
that would give significant counts in the receiver blocks. Higher
concentraticns were not used because they might interfere with endogerous
transport or give rise to a stimulation of endogenous ethylene evolution.
Cthers? have shown that the concenctration used here is within the
physiological range. During the time allotted for these experiments no
ethylene was observed in the gas phase above the control sec..ons. The
gas chromatograph technique used to measure ethylene is capable of
measuring lovels as low at 0.05 ppus

Ten sections with donor and receiver blocks were set {n a glass
container that was sealed with a4 rubber vaccine cap. When required, 1 ppm
ethylene was injected intc the bottles after the last of the sections was
set up, This concentration is maximal for most effects of ethylene on
physiological processes such as growth, abscission, and fruit ripening,9-4
Higher concentrations usually do not have any additional effect. Moist
filter paper was placed inside the bottles to prevent the agar blocks
and tissue from drying out. After 3 hours, donor blocks, receiver blocks,
and tigsue secticns were collected and pooled into three separate
planchets and counted. Evidence that the radiodctivity is associated with
the IAA in the receiver blocks has been discussed by Goldsmith and Wilkins.l2
Each expcriment with three controls and three ethylene-treated containers
cag rcepcated three times except those with culeus, which were repeated
twjce. Data are presented as the mean of each group of three, plus or minus
the standard deviation,
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III. RESULTS

Table 1 sunmarizes a series of experiments designed to measure the
effect of ethylene on polar auxin transport. There was no observable
difference between treatad and control sect{ons using coleoptiles,
hypocotyls, or petioles from & variety of plante, In addition, ethylene
had no effect on the amount of activity left in the donor block or
incorporated in the tissue sections, Nefther greater concentrations of
ethylene (5 ppm) nor measurements of transport up to 24 hours produced
data uifterent from those presented here. Some experiments were per-
formed measuring the effect of ethylene on nonpolar transport (donor
; block banal) on corn coleoptiles and bean hypecotyls, Little transport
: was observed (about 1 to 2%) under these conditions, and ethylene had
; no effect on the amount of activity observed,

TABLE 1, EFFECT OF ETHYLENE ON AUXIN TRANSPORT
B- INDOLEACETIC-2-C14 AcIp8/

% Total Initial Radioactivity in
Receiver Blockab

Plant Material Control Ethylene

‘Zea mavs coleoptiles 25,054 .4 a1.,227.9

23.8+0.2 26.0%5.8

18'634'1 18.3:2l6

Helianthus annuus hypocotyl 7.8£1,2 3.8%1.4

3.8%0,2 3.4£0.3

4,8t1,5 5.813,0

Phaseolus vulgaris hypocotyls 15,9%7.2 19.648.4

16,8%5,9 12.6%4.5

16.7x6.0 15.6%0.6

i Gossypium birsutum petioles 3,5%2.§ 4.121,2
: 2,910.9 3.4%1,0
! 2,5%1,0 3.0x1.4
Phaseolus vulgaris petioles 2.6%0.2 2.6%0.8

3.0%1.0 1.8%0.1

2.0%1,2 1.30,6

Coleus blumei peticles 2,8£1.,0 2,8t1,6

1.3t1,1 1.1%0,2

a. Experimental conditions: Specific activity of CI*IAA; 0.96
pc/mmole, 6 x 1010 mole 1n 60 mm3 1,5% agar disk, Ethylene;
1 nl/ml gas phase, total gas phase 41 ml. Duration of experiment,
3 hours. Temperature, 25 C, ’
' b. Plus or minus standard deviation.
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IV. DISCUSSION

The first worker to report un the effect of ethylene on auxin transport
was Van der Laan.® He found that between 5 and 50 ppm ethylene had no
effect on auxin-a (not IAA) transport through Avena coleoptiles. Later
Michener® obtained conflicting results, depending on how the experiment
was performed. He reported that IAA transport through coleoptile sectiorns
Yarvested from ethylene-treated and control plants was the same.

However, in another experiment, pea seedlings were decapitated and a
lanolin paste containing TAA was applied to the top. After three houre'
transport in the presence of 1,000 ppm ethylene, they were assayed for
auxin content; he found that less auxin was pr sent in the subtending
tissue of the plants exposed to ethylene., More recently, Burg and Burgt
have shown in experiments similar to those reported here that ethylene
had no effect on Cl% auxin transport through pea stem sections.

During the course of our own experiments we failed tc detect any effect
of ethylene on auxin transport through hypocotyls, coleoptiles, and
petiuvles of the five plant species te:ted. On the basis of our results,
we believe that the action of ethylene on plant processes such ac leaf
abscission, finhibition of growth, and irhibition of geotropism will have
some explanation other than au interference with polar auxin transport,
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