cta
Biochimica
Pnlunica

Vol. 44 No. 2/1997
215-220

QUARTERLY

Transformation of 1-O-(indole-3-acetyl)-B-D-glucose into
di-O-(indole-3-acetyl)-D-glucose catalysed by enzyme
preparations from corn seedlings

Adriana Szmidt-Jaworska, Jacek Kesy™ and Jan Kopcewicz

Department of Plant Physiology and Morphogenesis, Nicholas Copernicus University,
Institute of Biology and Environment Protection, Gagarina 9, PL-87-100 Torun, Poland

Received: 7 January, 1997; revised: 8 April, 1997; accepted: 5 May, 1997

Key words: indole-3-acetic acid conjugates, indole-3-acetic acid metabolism, indole-3-acetic acid metaboliam

EnZymes

A new enzymatic activity, which catalyses formation in vitro of di-O-(indole-
3-acetyl).p-glucose from 1-O-(indole-3-acetyl)-p-D-glucose has been found in ex-
tracts of Zea mays seedlings. The structure of di-0-(indole-3-acetyl)-D-glucose,
not as yet described, has been assigned by GC-MS, '"H NMR and ammonolysis.

Despite the fact that the metabolism of
indole-3-acetic acid (IAA), a known plant hor-
mone, is generally not fully elucidated, much
progress has been made in determination of
metabolic pathways of formation of ester con-
jugates of this hormone [1]. 1-O-(Indole-3-
acetyl)-p-D-glucose (1-0-IAGle) plays an im-
portant role in these reactions. It has been
shown that inositolic esters of IAA, present
in corn endosperm, are formed in a two-stage
process, in which IAGle is an intermediate
[2]. It is assumed that 1-0-IAGle is also a
precursor in IAA amide conjugate synthesis
in other plants. 1-O-IAGlc occurs naturally
in oat coleoptiles [3]. It can be also a product
of cell detoxification, after the application of
TAA in excess [4]. In aqueous solutions, 1-0-
TAGle is subject to non-enzymatic conversion
into 4- and 6-0-1AGle [5], which were isolated
from corn endosperm. The present report
describes the isolation from corn seedlings of

the enzymatic activity causing formation of
the hitherto unknown IAA ester, di-O-(in-
dole-3-acetyl)-D-glucose (di(IAA)Gle).

MATERIALS AND METHODS

Reagents. Castanospermine and DEAE-
Sephacel were from Sigma. Silica gel 60 for
column chromatography (230—400 mesh) and
Silica gel 60 glass plates (0.25 mm thickness)
for thin-layer chromatography (TLC) from
Merck. 1-O-IAGle was obtained by chemical
synthesis, using the method of Szmidt-Ja-
worska et al. [6].

Plant material. Four-day-old corn seed-
lings (Zea mays), grown in the dark at 26°C,
were used. The kernels were sown to the
mixture of perlite and sand (2:1, v/v).

Enzyme purification. The corn seedlings
were stripped of their roots, rinsed with dis-
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cose; [AA, indole-3-acetic acid; PEG, polyethylene glycol 8000: Solvent A, a TLC solvent consisting of
butanone/ethyl acetate/ethanol/water (3:5:1:1, by vol.).
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tilled water and homogenised in 0.2 M

Tris/Cl buffer, pH 8.0. The homogenate was
filtered through cheese cloth, and brought to
5% PEG by adding solid PEG. The mixture
was centrifuged for 20 min at 6000 x g, and
the supernatant was decanted, brought to
30% PEG and left overnight in the refrigera-
tor. The next day, the mixture was centri-
fuged at 15000 x g for 30 min, and the
supernatant discarded. The pellet was dis-
solved in 120 ml of 30 mM Tris/Cl buffer (pH
7.8), centrifuged and the supernatant was
applied to a 3 em x 20 em DEAE-Sephacel
column equilibrated with 30 mM Tris/Cl, pH
7.8.

The column was washed with 200 ml of
equilibration buffer and the proteins were
eluted consecutively with 110 mM, 130 mM,
145 mM, and 165 mM NaCl, in equilibration
buffer. The active fractions were pooled and
proteins were precipitated at a 75% ammo-
nium sulphate saturation.

Enzymatie activity. The enzymatic activ-
ity was tested for the presence of indolic
compounds by TLC using the colour reaction
[7]. The reaction mixture contained 0.1 M
Pipes, pH 6.8, 1 mM 1-0O-IAGlc and 100 mM
castanospermine. The reaction was carried
out at 25°C for 30 min, and stopped by plac-
ing the test tubes into boiling water for 2 min.
TLC plates were developed in a solvent con-
sisting of butanone/ethyl acetate/ethanol/
water (3:5:1:1, by vol., Solvent A). Indolic
compounds were detected by means of the
Ehmann reagent [7] used as a dip, followed
by blotting, and drying for 5 min at 100°C.

Enzymatic synthesis and isolation of
di(IAA)Gle. In order to obtain a larger
amount of the product of the investigated
enzymatic conversion of 1-O-IAGlc, the reac-
tion was carried out in a 3 ml reaction mix-
ture with substrate at a concentration of 4
mM, for 0.5 to 1 h at 20°C. The reaction
progress was estimated by TLC, developed in
Solvent A. After termination of the reaction,
the mixture was extracted three times with
ethyl ether and the combined extracts evapo-
rated to dryness in a stream of nitrogen. The
oily residue was chromatographed on Silica
gel 60 column (1.5 cm x 20 em) equilibrated
with a solvent consisting of dichloromethane/
ethyl acetate/ethanol (8:1:1, by vol.) and on

ODS C;g reversed phase HPLC column
(4.5 mm x 150 mm) equilibrated with 80%
methanol solution. In the case of the Silica
gel 60 column chromatography, the effluent
was tested by TLC developed in dichloro-
methane/ethyl acetate/methanol (8:1:1, by
vol.), using Ehmann’s methods [7] for indole
detection. In the case of HPLC chromatogra-
phy, the effluent was tested at 254 nm.

Structure assignment. The chemical
structure of the product of the enzymatic
reaction tested was verified by GC-MS, 'H
NMR (Varian Gemini 200, 200 MHz, in deu-
terated acetone), as well as by its hydrolysis
and ammonolysie products. The GC-MS
analysis were carried out on a Varian 3300
gas chromatograph combined with ITD Fin-
nigan Mat mass spectrometer. Silylated sam-
ples [8] were chromatographed on a 30 m
DB-17 fused silica capillary column. The in-
jector temperature was 300°C. The tempera-
ture of column was 120°C for 2 min and then
programmed to increase by 10°C/min to
240°C.

Hydrolysis. Hydrolysis of the tested com-
pound was carried out in 1 M NaOH solution
during 1 h. Afterwards, the solution was
neutralised by adding an appropriate
amount of 1 M HCI solution. Samples, after
hydrolysis, were tested by TLC and GC-MS.

Ammonolysis. Ammonolysis was carried
out in 25% ammonia solution. Samples were
dried, then 50 ul of ammonia solution was
added and the mixture placed in boiling
water for 10 min [9]. Afterwards, samples
were analysed by TLC.

RESULTS

Enzyme assay

When 1-0-IAGle conversions catalysed by
corn seedling extracts were investigated, for-
mation of a yet unknown indolic compound
was observed. It manifested itself as an un-
identified spot on TLC plates, with Ry differ-
ing from that of known indoles (Fig. 1).

Since the protein fraction isolated from corn
seedlings always hydrolysed 1-0-IAGle, it
was necessary to inhibit this reaction. For
this purpose, castanospermine, a known j-
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Figure 1. Silica gel 60 TLC chromatogram of the
products of 1-0-IAGle conversion, catalysed by
corn seedling extracts (lane C).

Lane A, IAA standard; lane B, 1-0-IAGlc standard.
The developing system consisted of butanonefethyl
acetate/ethanol/water (3:5:1:1, by vol.).

glucosidase inhibitor was used at a concen-
tration of 100 uM [10]. It was also observed
that higher concentration of the enzyme
caused an increase in the yield of the uniden-
tified product. Likewise, it was observed that
this product, on being left in the reaction
mixture for a longer period, become con-
verted to free [AA.

Enzyme isolation and purification

After homogenisation and PEG precipita-
tion, proteins were purified immediately by

DEAE-Sephacel chromatography. At first,
the proteins were applied to the column after
being precipitated at 5% PEG, although
greater enzymatic activity was later ob-
served when the applied proteins were pre-
cipitated at 5-30% PEG (for a typical elution
profile see Fig. 2).

The greatest enzyme activity was eluted
from the DEAE-Sephacel column at 145 mM
NaCl. Attempts at further purification, in-
cluding rechromatography on DEAE-Sepha-
cel and gel filtration, caused a total loss of
activity.

Enzyme properiies

The enzyme, purified on DEAE-Sephacel
could be stored in a refrigerator for three
weeks in 3.2 M ammonium sulphate. Cen-
trifugation of the homogenate at 15000 x g
caused a loss of enzymatic activity, which
was probably linked with protein sedimenta-
tion. This may indicate that the tested en-
zyme is a membrane protein.

Enzymatic synthesis, purification and
structural analysis of the 1-O-IAGIe
conversion product

Synthesis and purification

The enzymatic synthesis of the tested com-
pound was carried out as described above.
The yield of the tested reaction product was
greater when a higher concentration of pro-
tein was applied to the reaction mixture.
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Figure 2. Elution profile of the
proteins isolated from corn
seedlings purified by DEAE-
Sephacel column.

The proteins which catalysed
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transformation of 1-0-IAGle to
difTAA}GIc were eluted at 145 mM
NaCl.
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Routinely, about 2 mg of protein was used per

1 ml of the reaction mixture. After stopping
the enzymatic reaction and extraction with
ethyl ether the obtained substances were
chromatographed on a Silica gel column. The
elution system used easily separated the in-
dolic compounds present in the mixture.
Fractions containing the tested substance
were eluted between 70 and 100 ml, and
consisted of only one indolic compound, as
statad by TLC developed in Solvent A. How-
ever, 'TH NMR and GC-MS analysis indicated
the presence of yet another compound, dioe-
tyl phthalate (not shown). In order to remove

acid (not shown). However, signals in the
region of 4.1-4.4 ppm are typical for the
signals of A and B protons in an ABX system.
In glucose molecules this system exists only
at their sixth carbon atom. The shift of these
signals, from a region typical for the protons
of a glucose ring (3.0—4.0 ppm), is caused by
substitution of hydrogen in a hydroxyl group
at the sixth carbon atom. Thus, the tested
substance is probably 1,6-di-O-(indole-3-ace-
tyl)-p-D-glucose (see insert in Fig. 3). Also,
the presence of indole-3-acetamide, besides
IAA, among the reaction products of am-
monolysis has been observed. The indole-3-
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Figure 8. 'H NMR spectrum of the product of 1-0-IAGlc conversion eatalysed by enzymes isolated from

corn seedlings,
For the interpretation see results,

this compound the mixture was additionally
purified by HPLC.

Structural analysis

The 'H NMR spectrum of the HPLC puri-
fied compound is shown in Fig. 3. Two dou-
blets at 3.7 and 3.8 ppm indicate the presence
of two indolic residues in a molecule of the
tested compound. A doublet at 5.6 ppm has
a coupling constant (J = 7.96 Hz) similar to
that of the proton of the anomeric carbon of
p-glucoside substituted by indole-3-acetic

acetamide is formed by the ammonolysis of
1-0-IAGle [9].

Since the tested compound is unstable and
decomposes during storage, it was not possi-
ble to m:-llect. it in a greater amount sufficient
to obtain a 13C NMR spectrum, which would
have helped to determine more accurately its
structure. Likewise, this instability of the
substance, did not allow for a univocal mass
spectrum interpretation. On the chromatog-
raphy of silylated samples, a few peaks were
obtained, amongst which only that of IAA
was identifiable (not shown).
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As a result of hydrolysis of the tested com-
pound, glucose (confirmed by GC-MS — not
shown), as well as [AA (proved by TLC and
(GC-MS) have been found in the post-reaction

mixture.

DISCUSSION

IAA glucoside esters commonly occur in
plants, although the role of these conjugates
has not been entirely explained. It is held
that they may be either a storage or a trans-
port form. The possibility, that they might
play an entirely different role, has not been
excluded either. The enzymatic conversion of
1-O-IAGlIc leads to the formation of di-O-(in-
dole-3-acetyl)-D-glucose, an unknown [AA es-
ter. The reaction is catalysed by protein frae-
tions eluted from DEAE-Sephacel at an NaCl
concentration of 145 mM. The only substrate
used in this reaction was 1-O-IAGlc. It was
observed, however, that the reaction carried
out in the presence of a higher protein con-
centration gave a better yield, which may be
explained by the presence of some co-factor
in protein extracts. It seems possible that,
because of the need for this co-factor which
is lost during the purification process, it was
not possible to achieve further enzyme puri-
fication by rechromatography on DEAE-
Sephacel and gel filtration. Di-O-(indole-3-
acetyl)-myo-inositol esters, compounds with
a similar structure have been found earlier
in corn endosperm by Ehmann & Bandurski
[11].

On the basis of the research performed, it
is difficult to predict whether conversion of
1-0-1AGle to di(IAA)Glc occurs naturally in
plant cells; it is difficult as well to determine
whether this is a single or multi-step reac-
tion. Investigation of this conversion was
difficult due to the instability of the enzyme,
and to hydrolysis of 1-O-IAGlc in extracts.
Although nothing can be said on the role of
di-(LAA)Glc, yet attention should be paid to
the fact that compounds of this type — double
glucose esters — occur both in plant and in
animal tissues and play an important regu-
latory role (e.g. glucose-1,6-diphosphate and,
especially, fructose-2,6-diphosphate).

Further research on the correct structure,
biosynthesis and role of di-O-(indole-3-ace-
tyl)-D-glucose, will be dependent upon its
chemical synthesis.
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