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Specificity of Auxin Action on Ethylene Production
in Corn Coleoptile Segments

Yoon, In Sun and Bin G. Kang
(Department of Biology, Yonsei University, Seoul)

FT9 (Zea mays L) RIHZE HE|M of2al AMoi| ci st
4o =g 854
FLC EHE-F H I

GEHCANER: BEHAE £98H)

ABSTRACT

The ability of several auxin analogs to induce ethylene production was tested in the corn coleop-
tile. The synthetic auxins 1-naphthaleneacetic acid (1-NAA) and 2,4-dichlorophenoxyacetic acid (2,4~
D) had strong stimulatory effects on ethylene induction surpassing that of IAA. Both 2-naphthala-
neacetic acid (2-NAA) and 2,6-dichlorophenoxy acetic acid (2,6-D), structural analogs of these auxins,
respectively, were found to be inactive. Treatment with NPA, a strong inhibitor of polar auxin
transport, led to drastic increase in IAA-induced ethylene production while it has no effect on
ethylene production induced by 1-NAA. A positive correlation existed between intracelluar auxin

level and ethylene production.

INTRODUCTION

Several synthetic auxins cause many of the physiologi-
cal responses specific to IAA and are also transported
polarly in plant tissues. Their structure-activity relation-
ships (Katekar ef al., 1986) provide valuable information
for the studies on the nature of auxin action, because
auxin binding to the specific receptor is thought to be
prerequisite to auxin action. Polar transport of auxin also
invelves specific protein carriers in the plasmalemma
(Hertel, 1985). However, problems of the primary site
of auxin action are controversal (Vesper and Kuss, 1990;
Venis et al., 1990), and moreover, multiple auxin receptor
sites have been reported (Ray ef al, 1977; Firn, 1986).

By using NPA, the specific inhibitor of polar auxin tra-
nsport (Thomson and Leopold, 1974), whose action site
is considered to be the putative auxin efflux carrier in
the plasmalemma (Depta et al., 1983), we investigated
actions of various auxins on the induction of ethylene
production.
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MATERIALS AND METHODS

Plant material. Pre-soaked corn (Zea mays L.)
seeds were planted on wet paper towels in plastic trays
and placed vertically in the dark at 28T with saturated
humidity. When seedlings were 4-5 day old, subapical
coleoptile segments of 1 cm in length were cut with a
double blade cutter and primary leaves were remo-
ved.

Radiochemicals. (5-*H)-IAA (28 Ci/mmole) and (*C)-
NAA (50.6 mCi/mmole) were purchased from CEA (Gif-
sur-Yvette, France) and Amersham, respectively.

Ethylene production. Ethylene production was
measured according to Kang ef al. (1971). Ten subapical
coleoptile segments (1 cm) were incubated with 3 m/
buffered solution (10 mM sodium phosphate, pH 6.8, 1%
sucrose) in a 25 m! Erlenmyer flask sealed with silicon
rubber cap. After 18 h incubation in the dark with gentle
shaking, 1 m/ air samples were taken from the flask with
2 hypodermic syringe and ethylene production was mea-
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Table 1. Ethylene production induced by various auxin
analogs in corn coleoptile segments

Auxin analogs Ethylene production®

3 wM) (nl/gfw)
Control 32
1AA 163
24-D 325
1-NAA 215
2-NAA 42
2,6-D 46
PCIB 53
PAA 38

*Ten 1 cm coleoptile segments were incubated with 3 uM
each and ethylene production was measured after 18 h incu-
batiori.

sured with gas chromatography (Simadzu, GC-3BF, flame
inonization detector, alumina column).

Net uptake of *H-IAA. Net uptake of auxin was
measured as described previously by Edwards and Gold-
smith (1980). Subapical corn coleoptile tissues were cut
into 1 mm slices with a multibladed cutter. Twenty slices
were incubated in 1 m! sodium phosphate buffer (10 mM,
pH 5) containing 8.9x107% M *H-IAA or 98X107" M
4C-NAA in the presence of NPA at various concentra-
tions in a 20 m/ vial. At the end of an uptake period
(ca. 30 min) the medium was rapidlly removed and slices
washed twice with cold buffer under reduced pressure.
Ten slices were transferred to a scintillation vial and
the radioactivity counted.

RESULTS AND DISCUSSION

Physiological concentrations of IAA and other auxins
stimulate ethylene production in a number of tissues
(Lieberman, 1979). Among various auxins tested, 2,4-D
and 1-NAA were shown to have a strong activity of sti-
mulating ethylene formation surpassing the natural auxin
TAA in corn coeoptile segments (Table 1), Lack of activity
of 2-NAA and 2,6-D, structural analogs of 1-NAA and
2,4-D, respectively, indicate that those auxin analogs ina-
ctive in growth are likewise ineffective to induce ethylene
production, suggesting a primary action common to both
physiological responses.

Typical dose-response relationships in which ethylene
production is proportionally enhanced as the auxin con-
centration increase up to 107* M were observed for both
IAA and 1-NAA (Fig. 1A and 1B). Further increase in
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Fig. 1. Dose-response curve for ethylene production in
corn coleoptile segments. Ten 1 cm subapical segments
were incubated with IAA (A), 1-NAA (B) or 24-D (C),
respectively at various concentrations. Ethylene produc-
tion was measured after 18 h incubation. Data represent
average values of three duplicate experiments.
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Fig. 2. Time course of ehylene production induced by
[AA (@) or 1-NAA (O) at 10 uM concentration. Ethylene
production was measured every 1 h. Data represent ave-
rage values of two duplicate experiments.

the auxin concentration was [ound to be supraoptimal
(data not shown) in corn coleptile segments as indicated
by Moore (1989). The sharp optimum at 10 * M 24-D
as shown in Fig. 1C is probably due to a possible toxic
effect of this auxin at concentrations above 10 * M.

Although both synthetic auxins and IAA have simillar
does-response relationships in stimulating ethylene pro-
duction, time course data indicate that they show diffe-
rent kinetics of ethylene production (Fig. 2). Compared
with TAA-induced ethylene production, 1-NAA application
brought about initial delay followed by a steady increase
in ethylene production until 24 h. The stability of ethy-
lene producing system induced by [AA in the coleoptile
as shown in Fig. 2 is quite a contrast to the pea internode
system where ethylene production rapidly declines after
12 h, and rather resembles that induced by 2,4-D in the
pea tissue (Kang et al, 1971). According to Kang ef al.
(1971), ethylene production requires the continual pre-
sene of auxin at a physiologically active concentration,
and thus differences in the stability of ethylene producing
systems may reflect differences in cellular metabolism
of these auxins.

NPA, a strong inhibitor of auxin transport, has been
known to stimulate net uptake of auxin by specifically
inhibiting auxin efflux out of the cell (Sussman and Gold-
smith, 1980). NPA applied to tissue segments leads to
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Table 2. Effect of NPA on IAA-induced ethylene produc-
tion and cell elongation in corn coleoptile segments

Ethylene production Increase in length
(nl/g ) (mm)*

1AA conc. :
CORC TTYNPA  (+)NPA™ (—)NPA (+)NPA
0.3 pM 21 65 2.2 36
10 uM 196 330 3.2 26

*Ten 1 ¢m coleoptile segments were incubated with TAA
at concentrations indicated in the presence or absence of
10 uM NPA. Ethylene production and increase in length
were measured after 18 h incubation. Data repesent average
values of three duplicate experiments.

**10 uM NPA.
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Fig. 3. Effect of NPA on ACC induced ethylene produc-
tion in corn coleoptile segments. Ethylene production was
measured after 18 h incubation in the presence () or
absence (@) of 10 uM NPA. Data represent average va-
lues of two duplicate experiments.

growth promotion as a result of elevated intracellular
auxin Jevel (Vesper et al., 1987). In our present work,
a remarkable enhancement of ethylene production was
brought about by NPA (Table 2). NPA alone, however,
had negligible effect on the basal level of ethylene pro-
duction (data not shown), indicating that the NPA effect
was auxin dependent. This was supported by the fact
that NPA effect on ACC-based ethylene production was
insignificant (Fig. 3).

It is noticed that growth was rather inhibited by NPA
at a high IAA concentration (10 uM) while NPA stimula-
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Fig. 4. Effect of NPA on auxin-induced ethylene produc-
tion in corn coleoptile segments. Ten, 1 cm subapical
segments were incubated with 1 pM JAA (@) or 1-NAA
(O) in the presence of NPA, Ethylene production was
plotted against NPA concentrations after 18 h incubation.
Data represent average values of three duplicate experi-
ments.

ted ethylene production at the same concentration of
TAA. Stimulating effect of NPA on both growth and ethy-
lene production was observed at a low IAA concentration
(0.3 uM). Does-response curve for growth with an opti-
mum value at a lower concentration of auxin (Vesper
and Evans, 1979) than that [or ethylene production (Fig.
1) may explain the difference in part. It could be that
at high IAA concentrations, the elevated level of auxin
by NPA may be supraoptimal for growth while it is still
below optimal level for ethylene production. This may
explain the growth inhibition by NPA reported by Knauth
and Klambt (1990). Kang e 2. (1992) also reported gro-
wth inhibition by NPA in Ranunculus petioles where au-
xin does-response curve did not have a biphasic shape,
and implied that auxin transport is linked with auxin
action on growth by a common system involving the au-
%in efflux carrier complex.

Fig. 4 illustrates dose-response data for NPA effect on
ethylene production in the presence of either IAA or
1-NAA. Since 1-NAA is known to bind to auxin receptors
with high affinity (Ray et al., 1977) and is also a substrate
of the polar auxin transport system (Hertel and Flory,
1968), NPA effect on ethylene production induced by IAA
and 1-NAA was compared. Interestingly, NPA had no
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Fig. 5. Effect of NPA on net uptake of auxin by corn
coleoptile slices (1 mm). Net uptake of “H-IAA (@) or
HUC-NAA (1-NAA, ©O) was measured in the presence of
NPA at pH 5. Radioactivity in the tissue slices was plot-
ted against NPA concentrations after 30 min incubation.
Data represents average values of two duplicate experi-
ments.

effect on 1-NAA induced ethylene production while it
strongly stimulated ethylene production by IAA with an
optimum at 107> M NPA. Preliminary results also indica-
ted lack of NPA effect on ethylene production induced
by other synthetic auxins (data not shown).

Using thin (1 mm) slices of the coleoptile tissue incu-
bated in a medium containing “H-IAA or “C-NAA, we
compared NPA effects on net uptake of the two auxins.
NPA strongly stimulated IAA uptake by 4-5 fold while
only slight increase in 1-NAA uptake was brought about
by the same concentration of NPA (Fig.5). This could
explain, in part, the differential effect of NPA on ethylene
production observed (Fig. 4). However, the possibility that
NPA could affect auxin metabolism which in turn changes
free auxin level in the cell cannot be ruled out. In pea
stem sections, NPA inhibited JTAA oxidation while it sti-
mulated IAA uptake and conjugation (Lee, 1981). Howe-
ver, NPA had no effect on IAA induced ethylene produc-
tion in that tissues (Lee, 1981), indicating that limiting
factors for ethylene production may vary depending on
the tissue type. NPA and other transport inhibitors are
also known to have no significant effect on ethylene pro-
duction in roots of intact pea seedlings (Gaither, 1975).
In corn coleoptile segments, preliminary results indicate
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that the increased intracellular IAA by NPA resulted in
the stimulation of IAA conjugation but TAA oxidation was
not changed by NPA treatment (data not shown). Inter-
vening role of IAA oxidation in NPA effect on ethylene
production is doubtful.

The result presented in Fig. 5 indicating thai net up-
take of 1-NAA was only slightly increased by NPA com-
pared with IAA uptake although the polar transport of
two auxins showed same velocity (Hertel and Flory,
1968) and was equally inhibited by NPA cannot be exp-
lained at present. Dillerential pH optima for uptake may
be one possible explanation to be tested.

From our results obtained in the present work, it is
suggested that (1) the capacity of auxin transport may
be a limiting faclor for ethylene production in corn coleo-
ptile tissue as inhibition of auxin efflux by NPA leads
to a drastic increase in ethylene production, (2) a posilive
correlation between differential effects of NPA on intra-
celluar auxin uptaken and on the ethylene produciion
(Figs.4 and 5) supports the idea that the primary site
of auxin action is an intracellular site (Vesper and Kuss,
1990).

ACKNOWLEDGEMENT

This work was supported by grants in part through
PMBBRC, from KOSEF.

H Q
E (Zea mays L) Az xzelx] clokdl 984
] [
& £

544 I-NAASE 24-D2] Z§ ojda A4z
E3he A9 054 A% W28 o 2o
Hoodk wid 22 242 2-NAA¢) 2,6-DE &4
sk ol% A% FYEH} G Ao LA
fFRAEe] odal AL ksl 57 o4 glds 4}

A % 74 Aol 2341e] FEAQ Fgslq)
e Agch e AU 984 % Animel

NPAS] Ml IAA 4 o9l A4e A 2744
Atk 2o NPAL 1NAA 5% 29 ARAE oFFa
A7} Qe 1 mm 27 2 ol gahe] oI
NAA 23¢ 273 49 A% Az 24
= 9N el U SRl sl
o ooled 2y 2w
Azl sl 7}—;

Yoon and Kang: Specilicity of Auxin Action on Ethylene Production 329

REFERENCES

Depta, H., K.H. Eisele and R. Hertel. 1983. Specific inhibi-
tors of auxin transport: Action on tissue and 7 vitro
binding to membranes from maize coleoptiles. Plant
Sei. Lett, 31: 181-192.

Edwards, K.L. and M.HM. Goldsmith. 1980. pH-Dependent
accumulation of indoleacetic acid by corn coleoptile see-
tions. Planta 147: 457-466.

Firn, R.D. 1986. Too many binding proteins, not enough
receptors? [n, Plant Hormone Receptors, D. Klimbt
(ed.). Springer-Verlag, Berlin. pp. 1-11.

Gaither, D.H. 1975. Sites of auxin action. Regulation of geot-
ropism, growth, and ethylene production by inhibitors
of auxin transport. Plant Physiol. 56: 404-409.

Hertel, R. 1985. Two components on auxin transport: The
auxin-efflux mechanism and the problem of adaptation.
In, Plant Growih Substances, M. Bopp (ed.). Springer-
Verlag, Berlin. pp. 214-217.

Hertel, R. and R. Flory. 1968. Auxin movement in corn co-
leoptiles. Plania 82: 123-144.

Kang, B.G., W. Newcomb and SP. Burg. 1971. Mechanism
of auxin-induced ethylene production. Plant Physiol. 47
504-509.

Kang, B.G, W.]J. Park, M.H. Nam and R. Hertel. 1992. Ethy-
lene-induced increase of sensitivity to auxin in Ranun-
culus petiols and its implications regarding to ethylene
action on adaptation. In, Progress in Plant Growth Re-
gulation, Karssen, C.M., L.C. van Loon and C. Vreugde-
nhil (eds.). Kluwer Academic Publishers, Dordrecht. (in
press).

Katekar, G.F. and AE. Giessler. 1980. Auxin transport inhi-
bitors. IV. Evidence of a common mode of action for
a proposed class of auxin trangport inhibitors: The ph-
ytotropins, Plant Physiol, 66: 1190-1195.

Katekar, G.F., D.A. Winkler and A.E. Giessler. 1986. Hor-
mone recognition in plants. Jr, Plant Hormon Recep-
tors, D. Klambt (ed.). Springer-Verlag, Berlin_ pp. 13-26.

Knauth, B. and D. Klimbt. 1990. Is cell elongation regulated
by extracelluar auxin? Bot Acta 103: 103-106.

Lee, J.5. 1981. Inhibitory action of 1-N-naphthylphthalamic
acid (NPA) on auxin transport. Ph.D. Thesis, Yonsei
University.

Lieberman, M. 1979. Biosynthesis and action of ethylene.
Ann. Rev. Plant Physiol. 30: 533-591.

Moore, T.C. 1989. Interaction between auxin and ethylene.
In, Biochemistry and Physiology of Plant Hormoncs,
T.C. Moore (ed.). Springer-Verlag, Heidelberg. pp. 235-
237.

Ray, PM., U. Dohrmann and R. Hertel. 1977a. Charateriza-
tion of naphthaleacetic acid binding to receptor sites



330 Korean ]. Bot.

on cellular membranes of maize coleoptile tissues. Plant
Physiol. 39: 357-364.

Ray, PM, U, Dohrmann and R. Hertel. 1977b. Specificity
of auxin binding sites on maize coleoptile membranes
as possible receptor sites for auxin action. Plant Physiol.
60: 585-566.

Sussman, M.R. and M.HM. Goldsmith. 1981. Auxin uptake
and action of N-1-naphthylphthalamic acid in corn co-
leoptiles. Planta 150: 15-25.

Thomson, K.8. and A.C. Leopold. 1974. In vitro binding of
morphactins and 1-N-naphthylphthalamic acid in corn
coleoptiles and their effects on auxin transport. Planta
115: 259-270,

Venis, M.A, EW. Thomas, H. Barbier-Brygoo, G. Ephriti-
khine and J. Guern. 1990. Impermeant auxin analogues

Vol. 34, No. 4

have auxin activity. Planta 182: 232-235.

Vesper, M.J. and M.L. Evans. 1978. Time-dependent changes
in the auxin sensitivity ol coleoptile segments. Plant
Physiol. 61; 204-208.

Vesper, M.J. and CL. Kuss. 1990. Physiological evidence
that the primary site of auxin action in maize coleopti-
les is an intracellular site. Planta 182: 486-491.

Vesper, M.J.,, JM. Maxson and CL. Kuss. 1987. The relatio-
nship between accumulation of auxin into and growth
of coleoptile cells. In, Physiology of Cell Expansion du-
ring Plant Growth, D.J. Cosgrove and D.P. Knievel
(eds.). American Society of Plant Physiologists, Rockvi-
lle, MD. pp. 301-303.

(Received November 20, 1991)



