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CGene- dependent expression of phenotypic characters in plants seens to

be nediated by the various phytohornones. Since we have only a crude under-
standi ng of phytohornone action, nodel systens have been devel oped for eval ua-
ting their activity in addition to their effects on norphology. For short-
termeffects, cereal coleoptile served as a nodel tissue, while the study of
long-term biochem cal effects was nade possible mainly by using soybean

hypocotyl or pea epicotyl. At higher concentrations there seens to be no
culture systempernitting conprehensive studies of the effects of different
auxi ns at the norphol ogi cal, physiological, and biochem cal |evel. In previous

studies we tried to investigate auxin action using in vitro systems (1), but
for a nunber of reasons we judged these systens to be unsuitable. So we

devel oped a system using intact pea seedlings and studied the different effects
of root-applied auxins (2,4-D, NAA, 1 AA). In our in vivo systemwe found

di fferent norphogenetic responses detectable within one week, providing us

with sufficient anounts of tissue for investigation of auxin-protein inter-
action. It has been suggested that different nodes of auxin action in pea

are connected with differences in translocation and metabolism of the res-
pective auxin (2). The present paper reports the effects of exogenously
applied auxins with respect to their uptake, transport, and nmetabolismin
intact pea seedlings. Concurrently, studies were carried out to detect changes
in protein level and to prove the existence of specific auxin-binding proteins
(3). Furthernore, the systemmay allow us to correlate possible different

auxi n-sensitivities of pea nutants during germnation with their genetic
background, thus obtaining sone information, on the physiological |evel,

about the particular nutational event.

One-week-old etiolated pea seedlings grown on noist vermculite were
carefully washed and placed on plastic grids in glass vessels. This arrange-
ment allows controlled uptake of the auxins by roots of intact seedlings (10
m /seedling of 10~‘M water solution of unlabeled auxin with 3 x 10° dpn n
| abel ed 2,4-D and NAA, and about 1 x 10° dpminml labeled | AA). After 24 h
-pul se of auxin in the dark, treated seedlings were placed on noist vermiculite
under a light/dark cycle of 16/8 h (2500 lux) for one week. Uptake of the
auxi ns was recorded by neasuring |loss of radioactivity (i.e. dpm or deconpo-
sitions per mnute) in the nedium The distribution of the auxins in the
seedling was determned after differential extraction from organs or segnments
and by autoradi ography of the dried seedlings with X-ray film Et hano
sol ubl e extracts were anal yzed by paper chromatography and on cellulose thin
| ayer al um nium sheets using different solvent systens.

Mor phogenetic response: 2,4-D (10°'M) inhibited natural differentiation
of pea seedlings treated with a 24 h -pulse by inducing abnormal growth in
root and shoot within one week (Figs. 1-4). NAA and IAA did not inhibit
natural differentiation of the seedlings under the sane conditions (10°*'M)
and the seedlings are conparable to the untreated control although a slight
stimulation of nornmal root formation was observed. This raises the question:
Wiat are the physiological reasons for these different norphogenetic responses?
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1.Effect of root-applied 2,4-D on
pea seedlings :Inhibition of natu-
ral differentiation within one week
(untreated seedlings on the left).

2.1 nduction of abnormal adventitious
roots and |ateral roots after 2,4-D
treatnment(on the right).

3.1 nduction of abnormal |ateral root formation and callus-1ike

structures after 2,4-D-treatment(left).
4. Effect of root-applied 2,4-D:radial expansion of stem tissue



PNL Vol une 13 1981 RESEARCH REPORTS 23

The physiological results obtained in this system are sunmarized in
Tabl e 1. In contrast to NAA and I AA, 2,4-D is characterized by a high nmobility

and a low degradation in the intact plant. Uptake of 2,4-D by the roots was
about 6% after the 24 h- pulse, for NAA about 10% and for |AA about 70% as
measured by loss of activity in the nmedium In the case of 2,4-D, follow ng

the pul se, radioactivity was accurmulated in the root and during the follow ng
culture period was transported into the shoot by the transpiration stream

as shown by differential extraction of segments and by autoradi ographs. The

| _14c -activity of 2,4-D seens to be polar, having accunulated in the tip
regions of the lateral and adventitious roots, but being diffusely distributed
in stemand primary root tissue of the seedlings. There is no clear evidence
for degradation of 2,4-D. On the other hand NAA and | AA were characterized

by low nobility and high netabolic susceptibility of their nolecules. After
one week nost of the |-*C-activity from IAA or NAA still is fixed in the
primary root. Degradation or amino acid conjugation were detectable already
after the 24 h -pulse. The amount of free IAA is highly reduced by oxidation
and amino acid conjugation, while NAA seens to be mainly inmobilized by con-
jugation. These results confirmearlier investigations (2, 4) and indicate
that the herbicidal effects of 2,4-D in pea depend on the endogeneously avail -

abl e amount of free unnetabolized auxin.
Table 1. General aspects to translocation and metabolism of root-applied

auxin (10-4M) in pea seedlings.

Auxin Metspolism .. -
(root-applied TR N R R e T
](l'dM) Uptake  Oxidation Conjugation  auxin Mobilit)
2,4-D low + - ++4 high
IAA very high +44+ + z )
N,M P low - + + i L )W

The data clearly denonstrate the advantages of the 2,4-D system used
in our investigations for studies of auxin-protein interactions in the higher
concentration range, 1) because of its pronounced norphogenetic response
and 2) because of its less conplex netabolic susceptibility.

Mor eover, there are other methodol ogi cal reasons favoring this culture
system 1) The root-application of auxins has sone advantages conpared with
foliar-application often used. It allows easy control of uptake and cal cul a-
tion of accumulated auxin in the plants, and 2) last but not least this culture
system permits auxin action to be studied on the intact plant |evel, thereby
provi di ng advantages over in vitro systems. Therefore, we think that the
2,4-D systemis suitable for biochem cal studies of auxin effects in the
her bi ci dal range. It was useful in investigating levels of response of cyto-
pl asmatic and nucl ear proteins and auxi n-binding proteins. W assume that
auxi n-nedi ating proteins could play an inportant role in |ong-term norpho-
genetic effects as denonstrated in the 2,4-D system
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