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Prevention of auxin-induced epinasty by a-aminooxyacetic acid
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Abstract

Ethylene production and epinastic growth of leaf petioles of to-
mato (Lycopersicon esculentum Mill. cv. Moncymaker) plants
sprayed with 0.1 mM naphthyl-1-acetic acid were suppressed
when 1 mM a-aminooxyacetic acid (AOA) was simultancously
sprayed on the plants. AOA had no cffeet on ethylene evolution
and epinastic growth resulting from the application of § maf
I-:lminnc‘\'clnprnpemc«l-c;u‘huxj.ljc acid, the immediate precur-
sor of ethylene.

Key-words: a-Aminooxyacetic acid, I-aminocyclopropane-1-
carboxylic acid, auxin, ethylene, epinastic growth, Lycopersi-
con esculentum.

Introduction

Application of auxins to plant material stimulates the
production of ethylenc and, among other effects, causes
epinastic growth of leaf petioles, which is thought to be
mediated by the induced ethylene (Abeles 1973).
Ethylene-induced epinasty of tomato plants is alleviated
by anti-ethylene agents such as S-methyl-4-ethoxy-
cnrbonylmclhoxy-l,2,3-bcnzmhimiiuznic (Van Daalen
and Daams 1970, Parups 1973, Jackson and Campbell
1976). One would expect that auxin-induced epinasty is
prevented by an inhibitor of ethylene biosynthesis, and
since we have recently shown that AOA is an effective
inhibitor of auxin-induced ethylene synthesis in mung-
bean hypocotyls (Amrhein and Wenker 1979), we de-
cided to employ AOA as an antidote Lo auxin 1o prevent
the epinastic response. We also employed /. °C, which
has been established as the immediate biosynthetic pre-
cursor of ethylene (Adams and Yang 1979, Lirssen er al,
1979), to induce epinasty. Transport of ACC from the
roots of waterlogged tomato plants to the shoots and its
subsequent conversion to ethylene under the aerobic
conditions of the shoot has been shown to be involved in
flooding-induced petiole epinasty (Bradford and Yang
1979).

Abbreviations: ACC, l-ﬂmim)cyclnpmpanc-l-cnrbnx).‘iic acidy
AOA, a-aminooxyacetic acid: NAA, naphthyl-1-acelic acid.

Materials and methods

Plant material. Tomato plants (Lycopersicon esculentum
Mill. cv. Moneymaker) were grown in soil in a phytotron
chamber under a 16-h photoperiod (Osram Hg lamps,
type HQJL 400W/70, giving c. 9.000 lux at plant level),
at 23°C (day) and 19°C (night), and a relative humidity of
75% (day) and 90% (night). One-month-old plants hav-
ing 3 to 4 well developed leaves were used in the experi-
ments.

Treatment of plants. Individual plants were sprayed
cach with 5 ml of the appropriate solution (pH adjusted 10
5.5) and returned to the growth chamber. Epinastic
growth of the second oldest leaf was measured as de-
scribed by Jackson (1979).

Measurement of ethylene production. Four 2-cm long
petiole segments (0.5-0.7 £) or § pinnules of the second
oldest leaf (0.7-0.9 £) were enclosed in 30 m| Erlenmeyer
flasks scaled with rubber serum caps. After 1 h at room
temperature 1 ml samples of the gas phase in the flasks
were removed with a gas-tight hypodermic syringe and
analyzed for their ethylene content in a Varian 1400 gas
chromatograph equipped with a Poropak R 80/100 col-
umn and a flame jonization detector.

Chemicals. a-Aminooxyacetic acid, semihydrochloride,
was obtained from Sigma, St. Louis, Mo., and naphthyl-1-
acetic acid from Merck, Darmstadt, a-Aminocyclopro-
pane-1-carboxylic acid was the gift of Dr. K. Liirssen,
Baver AG, Leverkusen, z

Resuits and discussion

Preliminary experiments, in which solutions with in-
creasing concentrations of NAA and ACC, respectively,
were spraved onto 1-month-old tomato plants, revealed
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Figure 1. Response of the petioles of second oldest leaves of
one-month-old womaro pluns 1o Spraying entire plants with 0.}
mM NAA, SmM ACC and ] mM AOA alone or in combination
as indicated. Epinastic curvature is expressed as the declination
of the angle between the adaxial surface of the petiole and the
main stem of the plant, -

1070 NAA

1
$210 M ACC

. 4 100 A0A
10°3M a0A ﬂ

. 1073M ADA
1094 acA ﬂ

PREVENTION OF AUXIN-INDUCED EPINASTY 63

that 0.1 mM NAA and 5 n.sf ACC produced comparable
epinastic responses. Within 2 b after the application of
these two agents epinastic curvature commenced and in-
creased continually during the next 10 to 20 h (Figure 1).
All subsequent experiments were therefore carried out
with these concentrations of NAA and ACC.

AOA at 1 mM concentration had no effect on the di-
rectional growth of the petioles (Figure 1), and plants
subjected to a single treatment with I mM AOA showed
no apparent change in their development during one
subsequent month of observation, AOA sprayed simul-
taneously with either NAA or ACC prevented the cur-
viture normally induced by NAA, but had no effect on
the epinastic growth induced by ACC (Figure 1). Figure 2
shows tomato plants 20 h after the respective treatments.
When ethylene evolution from petioles and laminae was
monitored 5 h after spraying the plants, NAA- as well as
ACC-treated tissues produced the gas at elevated rates,
ACC being the more effective agent {Table 1). ADA
eliminated the surge of ethylene in response to the treat-
ment with NAA, but not with ACC, These results are in
with the known function of ethylene as

agreement

Figure 2. One-month-old tomato
plants 20 h afier spraving with
NAA, ACC and AOA at the
indicated concentrations and
combinations.
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Table 1. Ethylene production by petiole segments and laminae of References
ron}m/go(;{rfl‘um.\dh after spraying the intact plants with NAA, ACC, Eles, F. B, 1973, Ethylene in Plant Biology. = Aciidemic
e : Press, New York. ISBN 0-12-041450-3.
e : j W Adams, D. 0. & Yang, S. F. 1979, Ethylene biosynthesis: Iden-
Treatment ’I'l']h_-\:_'.'crrpr\:‘.:h'f:.”.n /l’ilﬁﬂ;ution of 1-amino-cyclopropanc-1-carboxylic acid as an

intermediate in the conversion of methionine 1o cthylene, —
Bolloics. Laminae Proc. Natl. Acad. Sci. U.S.A. 76: 170-174.
) x )<An1rhcin. N. & Wenker, D. 1980. Novel inhibitors of ethylene
production in  higher plants. — Planl Cell Physiol. 20:

H,O 0.07 0.22 635-1642,

I mM  AOA 0.02 0.26 /Hgyer. E, Jr. 1976. A potent nhibitor of ethylene action in
0.1 mM NAA 0.25 2.30 plants. — Plant Physiol. 58: 268-271.

0.1 mM NAA + 1 mAM AOA 0.05 0.25 oller, T., Herner, R, C. & Kende, H. 1979, Assay for and
SmM  ACC 38 5.10 enzymatic formation of an ethylene precursor, l-amino-cyc-
SmM  ACC + 1 mM AOA 1.45 5.22 propane-1-carboxylic acid. - Planta 145: 293-303,

_— _ABradford, K. J. & Yang, 5. F. 1979. Identification of

l~:1mino-c_\'clnprop:me-l-r.-arhnxylic acid (ACC) in xylem sap
from waterlogged tomato plants. - Plant Physiol. 63 (Suppl.):
mediator in the inducuon o epinastic growth by auxin- . 91. [ : -
type-chemicals (Abeles 1973). AOA is known as a gcn-’\/m?i‘::::‘.; M!',]ujqi!?ﬁ?;],llsl‘I:;%f";‘f;“;’;’r'c tomato ethylene defi-
cral inhibitor of pyridoxal phosphate-dependent cnzymcs)(; & C‘ulm-l-whc}%.. [;J 1'9:]7'5, \\;'mcr[;‘m‘;in‘g and petiole epinasty in
(John er al. 1978), and a function of pyridoxal phosphate’ tomato: the role of ethylene and low oxygen. — New Phytol.
in ethylene biosynthesis has been indicated (Licbcrman/( 76: 21-29, ] _
1979). Our results show that AOA does not interfere J"};'llmffo’:“ Ej;r:l(;”;::\h ‘;)l;::;; ‘:arl' ‘I"hiqég‘ii'gg‘;cr:s::"t‘”‘c:r
with the conversion of ACC to ethylene. It appears, zymes, — Biochem, J. 171 771-779,

therefore, that the pyridoxal phnsphulc-dcpcm]cmstep in_ticherman, M. 1970, Biosynthesis and action of cthylene. —

cthylene biosynthesis occurs during the formation of Annu. Rev, Plant Physiol. 30: 533-591,

ACC from methionine, presumably during conversion of _Jffssen, K., Naumann, K. & Schrider, R. 1979,
3 L 5 SR C I-Ammo-cyclopropane-l—carhoxyhc acid — a new inter-

S-adenosylmethionine to ACC (Boller eral. 1979). In mediate of ethylene biosynthesis, — Naturwissenschafien 66:

fact, it was shown very recently (Yu er al. 1979) that the 264-265,

ACC-forming enzyme in tomato extracts is activated by ﬁw‘p& E. V. 1973. Control of ethylene-induced responses in
P

pyridoxal phosphate and competitively inhibited by - 1]:;2;;3 substituted benzothiadiazole, — Physiol. Plant. 29;
AOA. Analysis of the purified enzyme will have to show, an Daalen, J. J. & Daams, J. 1970. Substituted alkoxycar-

whether indeed it is a pyridoxal phosphate-linked en- bonylmethoxy-2,1,3-benzothiadiazoles. — Naturwissenschaf-
zyme. In contrast to silver jons (Beyer 1976) and the ten 8: 395, .
substituted benzothiadiazole (Parups 1973), which act aw“- Y. B, Adams, D. O. & Yang, S. F. 1979 1-Aminocyclo-

L, STy 2 Pl R propane-carboxylate synthase, a key enzyme in cthylene
d':"lc‘hy[c”‘; agents, AOA does not interfere with biosynthesis, — Arch. Biochem, Biophys, 198: 280-286.
cthylene action,

Financial support by the Deutsche Forschungsgemeinschaft is
gratefully acknowledged. We wish to thank Dr. K. Lirssen,
Bayer AG, Leverkusen, for the kind gift of ACC,

Edited by C.B.

-




