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Effect of Indoleacetic Acid on the Metabolic Activity of Taraxacum
Root Segments*
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Abstract. Incubation of thin slices of T'arazacum roob segments in 3-indoleacetic acid solutions
enhanced the level of total proteins, RNA, DNA and a number of enzymes reaching an optimum
at0.01 mg 1-1. Tt has been shown that the auxin promotes the synthesis of DNA, again with an
optimum promotion at 0.01 mg1-1 TAA.

It has been known for over half a century that cutting storage tissue
results in enhanced metabolic rate, but very little is known concerning the
mechanism of this enhancement. There are two possible explanations of the
enhanced metabolic rate in excised storage tissues. LATIES (1957) suggested
that washing the slices of storage tissue might reduce the level of the endo-
genous inhibitor of respiration resulting in an increase in oxidative phos-
phorylation. An alternative explanation comes from the work of CrLick and
Hackerr (1963), LEavER and EpELMAN (1965) and Masupa (1966). They
thought that a change in the rate of the pattern of nucleic acid synthesis
might lead to a change in the rate and pattern of protein synthesis, resulting
in the high rate of respiration and phosphorylation.

Studies on the effect of growth substances on regulating the levels of
metabolic activity in thin slices of dormant storage tissues have been carried
out by a number of workers. EDELMAN and HaLL (1965) reported that the
development of invertase activity in thin slices of Jerusalem artichoke is
stimulated by gibberellic acid (GAs) and inhibited by indoleacetic acid
(TIAA). On the contrary, GLASZIOU ef al. (1966) found that the auxin, «-naph-
thaleneacetic acid, stimulated the development of invertase in sugar cane
slices.

This paper describes the effect of the auxin, indoleacetic acid, on the
metabolic activity of Taraxacum root slices. Attempts have also been made
to correlate the activity of the auxin with its biochemical effect.

MATERIAL AND METHODS

In an earlier communication (KuaN 1970) it was reported that the mini-
mum thickness of Taraxacum root segments for the regeneration of shoots was
1.5 mm and for roots 2 mm and minimum diameter 5 mm. It was also
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found (KmAN 1973) that cell division began approximately 200 um beneath
the proximal and distal cut ends of the root segments after 24 h of regener-
ation. Therefore root slices of Taraxacum officinale WEBER 2.1 mm thick
and 7—10 mm in diameter were excised and grown as described earlier
(KHAN 1972a).

Twenty slices were placed on a filter paper in separate Petri dishes con-
taining 10 ml of either distilled water or 0.0001—10 mg1-1 TAA solution.
Each treatment was replicated three times and the mean value plotted.
After 24 h of incubation at 25 °C in the dark, the slices were rinsed with
water, blotted dry and used for the extraction and estimation of proteins,
nucleic acids and a number of enzymes.

Protein and nucleic acids were extracted and estimated as described earlier
(KrAN 1972b). Enzymes were extracted by crushing the root slices in an
ice-jacketed mortar together with 5 m! per 25 slices of cold (5°C) 0.02 M
Tris-HCl buffer (pH 7.4) using acid washed sand. The slurry so obtained
was filtered through eight layers of muslin and the filtrate centrifuged at
4000 x g for 20 min at 5 °C. The supernatant solution was decanted and kept
surrounded by ice chips and used for the estimation of enzymes.

Acid phosphatase, malic dehydrogenase and invertase were estimated as
mentioned earlier (KEAN 1972¢). TAA-oxidase was measured by the method
of GarsToN and DALBERG (1954). 1 ml of enzyme was mixed with 7 ml of
0.2 M phosphate buffer (pH 6.7), 1 ml of 500 ppm IAA solution and 1 ml of
3.26 ppm 2,4 dichlorophenol (DCP) solution. In addition to the normal
control, a further control of enzyme containing the reagents, with no TAA
in it, was used to allow the presence of TAA in the enzyme extract to be
measured. The flasks containing the reaction mixture were covered with
black polythene to prevent light-induced inactivation of IAA and shaken
on a rotary shaker for 2 h at 25 °C. 2 ml aliquots (duplicates) were pipetted
out and added to the flask containing 8 ml of Salkowski’s reagent prepared
by mixing 300 ml of conc. H2S80,4 (spec. gr. 1.84) with 15 ml of 0.5 M FeCls
and 500 ml of distilled water. The flasks were shaken for 30 min and the
optical density recorded at 530 nm.

The effect of IAA on the synthesis of DNA in Taraxacum root slices was
studied by incubating the slices in 20 ml of 1.5 uCi per ml solution of thymi-
dine-3H (specific activity = 13.6 mCi mg~1, obtained from Radiochemical
Centre, Amersham, England) with or without 0.001—0.1 ppm IAA. The
slices were kept at 25 °C in the dark for 24 h after which the roots were
washed with distilled water and extracted with 0.5 N NaOH and the DNA
precipitated with 1 N perchloric acid, and finally digested with 0.5 N NaOH.
0.2 ml samples of the digested DNA were used for analyzing the radioactivity
employing the liquid scintillation counter.

RESULTS AND DISCUSSION

The effect of varying concentrations of IAA on the level of protein, RNA
and DNA of Taraxacum root slices after 24 h of treatment is presented in
Fig. 1. Increasing concentration of IAA resulted in an increased protein,
RNA and DNA contents with maximum promotion at 0.01 ppm IAA
treatment. To understand the mechanism of IAA-induced promotion of
protein and nucleic acids, the effects of varying IAA concentrations on the
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synthesis of DNA in root slices was also studied. The results presented in
Fig. 2 indicate that IAA at all concentrations tested promoted the synthesis
of DNA as compared to the untreated control. At 0.01 ppm, synthesis of
DNA was about twice as high as that of the control. It is interesting to note
1
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Fig. 1. Changes in the levels of total proteins, RNA and DNA in thin slices of Taraxacum roots
after treatment with indoleacetic acid. Values are means of three replicates of 20 root slices.
WC - slices treated with water only.
Fig. 2. The effect of indoleacetic acid on the incorporation of thymidine-3H into DNA of Taraza-
cum root slices. A: Water control; B: 0.001 ppm IAA; C: 0.01 ppm IAA; D: 0.1 ppm JAA.
Values are means of three replicates.

that at 0.01 ppm TAA treatment, the synthesis of DNA was at its optimum,
confirming the result presented in Fig. 1. However, the incorporation of
TAA-2-14C into DNA fraction of regenerating Taraxacum root slices (details
to be published elsewhere) has indicated that IAA ig not incorporated into
DNA at all. This suggests that TAA-induced synthesis of DNA (Fig. 2) is,
perhaps, through its direct participation. MasuDA (1966), while studying the
effect of actinomycin-D in ageing slices of Jerusalem artichoke tuber found
that the synthesis of heavier type RNA was stimulated by auxin, probably
through DNA since actinomycin-D inhibited the auxin-stimulated RNA
synthesis as well as the auxin-induced growth expansion. He thought that
this heavier type RNA may be responsible for the synthesis of special
protein(s) which in turn is responsible for the auxin-induced growth, as also
suggested by NoopEN and THIMANN (1963, 1965) and KEY and INGLE
(1964).

Specific reactions involved in metabolic changes within a living organism
are controlled by individual enzymes or an enzyme system. Since IAA
treatment of T'araxacum root slices led to the increased production of proteins
and nucleic acids, it is reasonable to expect that IAA may induce the specific
activities of a number of enzymes. The effect of IAA on the specific activities
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of acid phosphatase, TAA-oxidase, malic dehydrogenase, peroxidase and
invertase of regenerating root slices was therefore studied. The result presented
in Fig. 3 indicates that IAA has a promotory effect on these enzymes. The
optimum auxin-induced increase in specific activities of acid phosphatase,
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Fig. 3. Changes in the specific activities of acid phosphatase (A), peroxidase (B), IAA-oxidase
(C), malic dehydrogenase (D) and invertase (E) in Tarazacum root slices treated with JAA solution.
WC -slices treated with water only. Values are means of three replicates.

TAA-oxidase, peroxidase and invertase was found at 0.01 ppm IAA treatment
and for malic dehydrogenase 0.001 ppm. At a higher concentration of IAA
(10 ppm), the auxin was found to suppress the activities of all the enzymes
with the exception of invertase where no change over control was observed.
However, under sn vitro conditions, as reported earlier (Kuan 1972¢), TAA
stimulated the activities of acid phosphatase and invertase with an optimum
promotion at 1.0 ppm IAA whereas malic dehydrogenase activity was not
affected. CLELAND (1961) reported that the specific activity of plant enzymes
in vivo is usually increased by auxin concentrations while, with few exceptions,
the in vitro activities are not affected.

EprrMaN and HaLn (1965), LEAVER (1966), CHERRY (1968) and PALMER
(1968) have reported that IAA treatment decreased the activity of invertase
in different plants while GLAzI0T ef al. (1966) found that the auxin, a-naph-
thaleneacetic acid, stimulated the development of invertase in sugar cane.
In agreement with Grazrou et al. (1966) and ParmMeR (1968), the present
study has revealed that the auxin, indoleacetic acid, promotes the develop-
ment of the enzyme invertase and acid phosphatase during 24 h of treatment.
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It may be concluded from the present study that indoleacetic acid could
have a profound effect on the metabolic activity of Tarazacum root slices
during 24 h of treatment. The maximum promotion in the levels of proteins,
nucleic acids and enzyme activities after treatment with the auxin (IAA) was
always at a similar concentration, suggesting that perhaps all these systems
may be controlled by some key reaction such as the synthesis of m-RNA,
and that the auxin may have some controlling influence on this reaction.
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