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Abstract The activity of indole-3-acetamide (IAM) hydro-
lase from rice cells was enriched ca. 628-fold by gel filtration
and anion exchange column chromatography. The molecu-
lar masses of the IAM hydrolase estimated by gel filtration
and sodium dodecyl sulfate polyacrylamide gel electro-
phoresis were approximately 50.5 kD and 50.0 kD, respec-
tively. The enzyme exhibited maximum activity at pH
6.0-6.5. The enzyme was stable against heat treatments
between 4 and 50°C and works optimally at 52°C. The activ-
ity remained constant at 4°C for at least 143 days. The puri-
fied enzyme fraction hydrolyzed indoleacetic acid ethyl
ester (Et-IAA) in addition to IAM and its homologue, 1-
naphthalene-acetamide, but not indole-3-acetonitrile. Km
values of the enzyme were 0.96 mM and 0.55 mM for IAM
and Et-TAA, respectively. Although the molecular mass of
the enzyme was very similar to that of IAM hydrolase of
Agrobacterium tumefaciens involved in tumor formation,
the biochemical properties of the enzyme including its high
Km value were considerably different from those of the A.
tumefaciens enzyme. Based on these enzyme properties, we
will discuss whether the amidohydrolase is involved in auxin
biosynthesis in rice cells.
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Introduction

The auxin biosynthetic pathway via indole-3-acetamide
(IAM) from L-tryptophan (IAM pathway) was first
identified by Magie et al. (1963) in the plant-pathogenic
bacterium, Pseudomonas savastanoi, which causes the pro-
duction of tumorous outgrowths on olive and oleander
plants. The pathway was unequivocally established by the
cloning of the genes responsible for the biosynthesis of
indole-3-acetic acid (IAA) via the IAM pathway (Comai
and Kosuge 1980, 1982). The IAM pathway consists of bio-
chemical reactions catalyzed by two enzymes, a tryptophan
monooxygenase and an IAM hydrolase. The monooxygen-
ase converts L-tryptophan to IAM, while the second
enzyme, amidohydrolase, hydrolyzes IAM to produce IAA.

The same pathway is also known to be required for tumor-
ous outgrowths induced by the infection of Agrobacterium
tumefaciens (Follin et al. 1985; Inzé et al. 1984; Klee et al.
1984; Schroder et al. 1984; Thomashow et al. 1984, 1986; Van
Onckelen et al. 1985, 1986) and A. rhizogenes (White et al.
1985; Offringa et al. 1986; Camilleri and Jouanin 1991).

Although Agrobacterium is prokaryotic, the genes, tms!
and tms2, that encode the two enzymes reside on T-DNA
and have eukaryotic structures consisting of a CAAT box,
TATAA box and a polyA signal; they are actually expressed
in eukaryotic cells after the transfer of T-DNA from Agro-
bacterium to plant cells (Akiyoshi et al. 1983; Surico et al.
1985; Cardarelli et al. 1987).

The origin of such genes with eukaryotic structures in
prokaryotes is of great interest. In general, these genes are
considered to be of prokaryotic origin, since they include
nucleotide sequences homologous to the Pribnow box and
closely resemble the genes in P. savastanoi (Weiler and
Schroder 1987; Zambryski et al. 1989). Alternatively, it can
be suggested that Agrobacterium might have captured the
genes from a plant genome during its evolution. Although
the TAM pathway is not generally known in higher plants,
there are reports demonstrating the presence of an endog-
enous intermediate (Isogai et al. 1967; Takahashi et al. 1975;
Rausch et al. 1985; Saotome et al. 1993; Rajagopal et al.
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1994) and the enzymatic activities that seem to be in-
volved in the IAM pathway (Kawaguchi et al. 1991, 1993;
Rajagopal et al. 1994). Therefore, there is a clear need to
define the nature of the plant enzymes and to compare them
with those of Agrobacterium when it comes to considering
the latter possibility.

Through the survey of the enzymatic activities associated
with the IAM pathway among the cultured cell lines of
various plants, we found that rice calli have stable activity
that converts IAM to IAA (Kawaguchi et al. 1991). Since
it is possible to obtain a large amount of rice calli as an
experimental material, we attempted to purify the enzyme.
In this paper, we partially purified amidohydrolase from
rice cells and characterized the properties of the enzyme to
compare them with those of Agrobacterium. Based on the
enzymatic properties and today’s genomic information, we
will discuss the question of whether or not the rice enzyme
operates in IAA biosynthesis.

Materials and methods
Plant materials

Rice (Oryza sativa L. cv. Nipponbare) seeds, pretreated at
high temperature (48°C) for 8 days, were sterilized with
100% ethanol and 20% sodium hypochlorite and germi-
nated aseptically on Murashige and Skoog (MS) basal
medium. The sterilized seedlings were grown under con-
tinuous light for 10 days. The root segments were then
transferred to MS medium containing 1mg/l of 24-
dichlorophenoxyacetic acid (2,4-D) and 0.1 mg/l of kinetin
to induce callus tissues (Kawaguchi et al. 1991). The induced
callus tissues were successively subcultured at 26°C under
light on medium of the same composition as that use for the
callus induction.

For the preparation of enzyme, the callus tissues cultured
for 43-46 days were harvested, immediately frozen with
liquid nitrogen and stored at —80°C until use.

Enzyme preparation

The frozen tissues of rice callus and an equal weight of
sand were suspended in an equal volume of 0.1 M Tris-
HCI buffer, pH 7.6, containing 10% sucrose, 10 mM 2-
mercaptoethanol, 5 mM EDTA and 10 mM MgCl, and
homogenized with a mortar and a pestle after leaving the
tissues to thaw. The homogenates were filtered through two
layers of nylon cloth and centrifuged at 15,000 g for 15 min
at 4°C. The supernatant was used as crude enzyme prepa-
ration. The crude enzyme was used for further purification
by ammonium sulfate fractionation, gel filtration and ion
exchange column chromatography.

Enzyme assays

During enzyme purification, amidohydrolase activity was
assayed by adding IAM to enzyme solution to a final con-

centration of 5 mM. For the analysis of the biochemical
properties of enzyme, amidohydrolase activity was assayed
in 0.Iml of 50 mM Tris-HCI buffer (pH 7.6) with 5 mM
1AM, 5 mM MgCl,, 5% (v/v) glycerol, 5 mM 2-mercaptoet-
hanol, 20 mM KCI and a fixed amount of the enzyme in an
Eppendorf tube. Citrate buffer (25 mM), 50 mM phosphate
buffer or 25 mM Tris-HCI buffer was also used to analyze
the effects of pH on the enzyme activity. After incubation
for 0.5 h for enzyme purification or 1 h for other enzyme
characterization at 37°C, the reaction was stopped by the
addition of 0.1 ml of 0.1 M citric acid to make the pH 2-3.
Then 0.4 ml ethyl acetate was added to the tube to extract
the reaction product (IAA). The tube was vibrated by Vor-
tex mixer at the maximum vibration rate for 10 min twice
and centrifuged at 15,000 rpm for 1 min. The layer of ethyl
acetate was transferred to a new Eppendorf tube and evap-
orated to dryness in vacuo. The residue was analyzed by
high performance liquid chromatography (HPLC).

We define 1 U of enzyme activity as the activity that
produces 1 nmole TAA in 0.5 h. Specific activity is units of
activity per mg of protein.

Protein concentrations were determined according to
the method of Lowry et al. (1951) except in the case of
DEAE-Sepharose CL-6B fractionation where BCA protein
assay reagent (PIEPCE) was used and of MiniQ PC3.2/3
fractionation where absorbance at 280 nm was used.

The HPLC system consisted of an HPLC model-576
pump unit (Gas Chromatography Industry) coupled to the
UV detector (Spectro detector 502U; Gas Chromatography
Industry) and the Chromato Pak CR-1B (Shimadzu,
Kyoto).

The HPLC analysis was done under the following condi-
tions: the column was HPLC-packed Nucleosil 100-5C18
(150 x 4.6 mm internal diameter) (Gas Chromato Industry);
the mobile phase was 30% acetonitrile in 0.5% CH;COOH;
and the flow rate was 1.5 ml/min. IAA was quantified by
absorption at 280 nm.

Liquid chromatography-mass spectrometry

TAA was identified by liquid chromatography-mass spec-
trometry (LC-MS) using LC/APCI-MS M-1,000 (Hitachi).
The conditions of analysis were as follows: multi 1.8 kV;
focus voltage 120 V; filter 5; resolution 55; scan range 5-500/
2 s; nebulization temperature 280°C; desorption tempera-
ture 339°C.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis

Mini-protean II (Bio-Rad) was used for a polyacrylamide
gel electrophoresis (PAGE) system. Sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) was car-
ried out according to the method of Laemmli (1970).
Proteins were visualized by silver stain kit (Wako Pure
Chemical Industries). The calibration protein combithek
(Boehringer Mannheim) was used as the standard marker
of molecular weight.



Results
Identification of reaction product

Crude enzyme fraction was incubated with 20 mM 1AM for
30 min at 37°C and the reaction product was separated by
HPLC as described previously. One major peak was
detected at the same retention time (4.6 min) as that of
authentic IAA (data not shown).

LC-MS analysis revealed that the mass spectrum of the
reaction product showed fragments at mass-to-charge ratios
130, 146 and 176 (M*+1, base peak), characteristic of
authentic IAA (data not shown).

IAM hydrolase activity during tissue culture

The time course of ITAM hydrolase activity during tissue
culture was surveyed to specify the culture period appropri-
ate for harvest of callus tissues for use in purification of the
enzyme and also to examine the physiological function of
the enzyme in relation to the growth of calluses (Fig. 1).

Fresh weight of callus tissues increased over a period of
30 days after transfer onto the new medium and thereafter
decreased slightly. Protein content increased rapidly over 5—
10 days and reached a maximum at 15 days after transfer.
Thereafter the content gradually decreased up to a rapid
decrease after 30 days of culture. The protein content
related to the growth of callus fairly well.

Specific activity of IAM hydrolase was relatively con-
stant during the culture period of 46 days, except at 30 days
after the transfer where the specific activity decreased tem-
porarily (Fig. 1). We did not obtain any reproducibility of
this transient decrease in enzymatic activity, but in order to
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Fig. 1. The time courses of callus growth of Oryza sativa L. cv. Nip-
ponbare and indole-3-acetamide (IAM) hydrolase activity. The rice
calli were cultured on Murashige and Skoog agar medium supple-
mented with 1 mg/l 2,4-dichlorophenoxyacetic acid (2,4-D) and 0.1 mg/
1 kinetin at 25 + 1°C in the dark. Relative growth was calculated as (W~
W,)/W,, where W, is the initial weight and W, is the weight recorded
on the day of assay. Open squares (OJ) relative growth, (W—W,)/W;
solid circles (@) specific activity (U/ml); open circles (O) total protein
(mg/g fresh weight of callus)
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prepare a large collection of material, we used callus tissues
cultivated for 43—46 days for enzyme purification.

Partial purification of IAM hydrolase
Ammonium sulfate fractionation

The crude enzyme preparation was saturated with solid
ammonium sulfate to give a saturation level of 20% and left
under agitation by magnetic stirrer for 20 min. After cen-
trifugation (10,000 g) for 15 min at 4°C to remove the pre-
cipitates, the resultant supernatant was again saturated with
ammonium sulfate to a level of 60%. After agitation for
20 min, the precipitated proteins were collected by centrif-
ugation as described above. The activity was exclusively
detected at this saturation level (20-60%). The precipitates
were suspended in 10 mM Tris-HCI buffer (pH 7.6) contain-
ing 10% (v/v) glycerol and 1 mM dithiothreitol (DTT)
(buffer A) and passed through a Sephadex G-25 column
(1.5% 50 cm). The active fraction desalted with Sephadex
G-25 was named the ammonium sulfate fraction. Through
this procedure, proteins in the crude enzyme fraction were
concentrated to a small volume, but no increase of specific
activity was observed.

Gel filtration

The ammonium sulfate fraction was further purified using
a Sephacryl S-200HR gel filtration column (3 x 89 cm) with
buffer A as the eluent. Each 4.5 ml fraction was collected
and assayed for IAM hydrolase activity. We found that frac-
tion numbers 74-77 yielded 81.4% of the total activity of
the ammonium sulfate fraction (Fig. 2a).

DEAE-Sepharose CL-6B chromatography

The Sephacryl S-200 HR fraction was dialyzed overnight
against 20 mM Tris-HCI buffer (pH 7.0) containing 10%
glycerin and 1 mM DTT (buffer B). The dialyzed fraction
was loaded onto a DEAE-Sepharose CL-6B anion
exchange column and the column was washed first with
100 ml buffer B. The bound proteins were then eluted at a
flow rate 25.7 ml/h with a linear NaCl gradient (0-500 mM)
in 500 ml of the same buffer. Each 6 ml fraction was col-
lected and assayed for IAM hydrolase activity. In fractions
77-79,87.7% of the total activity of the Sephacryl S-200 HR
fraction was obtained (Fig.2b). These fractions were com-
bined and named the DEAE-Sepharose CL-6B fraction. A
part of this fraction was used for the characterization of
IAA hydrolase.

MiniQ PC3.2/3 anion exchange chromatography

The DEAE-Sepharose CL-6B fraction was dialyzed against
10 mM Tris-HCI buffer (pH 7.5) containing 5% (v/v) glyc-
erol and 1 mM DTT (buffer C) overnight. The dialyzed
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Fig. 2a—c. Partial purification of amidohydrolase. a Gel filtration of the
Sephadex G-25 fraction with Sephacryl S-200HR (3 x 89 cm). The col-
umn was equilibrated and eluted with 10 mM Tris-HCl buffer (pH 7.6).
Fraction nos.74-77 were collected. Open circles (O) absorbance at
280 nm; solid circles (®) TAM hydrolase activity (U/ml). b Elution
profile of TAM hydrolase from DEAE-Sepharose CL-6B column chro-
matography. The active fraction from Sephacryl S-200HR gel filtration
was put on a column (3 x 15 cm) of DEAE-Sepharose CL-6B equili-
brated with 20 mM Tris-HCI buffer (pH 7.6). Elution was by a linear
gradient of 0-500 mM NaCl in the equilibration buffer. Fraction
nos. 77-79 were collected. Open circles (O) absorbance at 280 nm; solid
circles (@) IAM hydrolase activity (U/ml); line NaCl content. ¢ Anion
exchange chromatography of the active fractions from the DEAE-
Sepharose CL-6B column on a SMART-HPLC system on a MiniQ
PC3.2/3 column (3.2 x 30 mm), eluted with a linear NaCl gradient in
10 mM Tris-HCI buffer (pH 7.5). Fraction no. 27 was collected. Open
circles (O) absorbance at 280 nm; solid circles (®) IAM hydrolase
activity (U/ml); line concentration of NaCl; arrows start or stop points
of fraction collection

sample was applied to a MiniQ PC3.2/3 column and eluted
at a flow rate of 80 ul/min with buffer C (from 0 to 8.2 min)
and followed with a linear NaCl gradient (0-304 mM
between 8.2 and 13.6 min, 304-386 mM between 13.6 and
20.0 min and 386-500 mM between 20.2 and 23.2 min) in
the same buffer. In fraction 27 at 12 min, 67.3% of total
activity of the DEAE-Sepharose CL-6B fraction was

Fig. 3. Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) of amidohydrolase after each purification step, showing
silver-stained gel. Lane 2 crude enzyme column; lane 3 (NH,),SO, frac-
tion; lane 4 after Sephacryl S-200HR column; lane 5 after DEAE-
Sepharose CL-6B column; lane 6 after MiniQ PC 3.2/3 column; lane 7
standard protein

obtained (Fig.2c). This fraction was named the MiniQ
PC3.2/3 fraction.

SDS-PAGE after each purification step is shown in Fig. 3.
The one major band was detected by silver stain between
39.2-kD and 55.6-kD molecular markers. Through this four-
step-protocol, the amidohydrolase activity was enriched ca.
628-fold compared to the specific activity of the crude
extract (Table 1). Final yield through the four-step purifica-
tion is 1.6% of the crude extract. Due to the limited size of
the MiniQ PC3.2/3 fraction, the DEAE-sepharose CL-6B
fraction was used for the characterization of ITAM hydrolase.

Molecular mass estimation

For the estimation of M, for the IAM hydrolase from rice
cells, a Sephacryl S-200 gel filtration column [2x 83 cm
(Pharmacia LKB Biotechnology)] was equilibrated with
buffer A supplemented with 0.1 M NaCl and the DEAE-
Sepharose CL-6B fraction was applied to the column. The
column was eluted with the same buffer described above at
a flow rate of 15 ml/h. The M, of the enzyme was estimated
to be 50.5 kD by measuring the active fraction(s) (Fig. 4a).
The following proteins were used as M, standards: bovine
serum albumin (67,000), ovalbumin (43,000), chymotrypsi-
nogen A (25,000) and ribonuclease A (13,700).

As shown in Fig. 4b, the M, was also estimated to be
50 kD by SDS-PAGE. For calibration proteins, B-fructose-
6-phosphate-kinase (85,200), glutamate dehydrogenase
(55,600), aldolase (39,200), and triosephosphate isomerase
(26,600) were used.

The pH optimum

Under the assay conditions described in “Materials and
Methods”, IAM hydrolase has a pH optimum at 6.0-6.6. At
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Table 1. Purification of amidohydrolase from callus of Oryza sativa Nipponbare. Fresh weight of callus was 350 g

Step Volume Protein Total Enzyme Total Specific Yield Purification
(ml) concentration protein activity activity activity (%) (-fold)
(mg/ml) (mg) (Umly  (U) (Ulmg)

Crude extract 530.0 4.8 2,556.6 10.1 5,331.8 21 - -
(NH,),SO." 68.8 313 2,153.4 37.1 2,552.5 12 100 1.0
Sephacryl S-200HR 106.0 0.84 89.0 24.1 2,553.5 28.7 100 23.9
DEAE-Sepharose CL-6B 18.1 0.25 4.53 243 440.6 97.3 17.3 81.1
MiniQ PC3.2/3 2.0 0.057 0.114 43.0 86.0 753.5 34 627.9

1 U is the activity that produces 1 nmole reaction product in 0.5 h at 37°C

"This fractionation was desalted using Sephadex G-25
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Fig. 4a,b. Molecular weight estimation of amidohydrolase in rice. a
Estimation of molecular mass of IAM hydrolase by gel filtration on a
Sephacryl S-200HR column. Elution was with 10 mM Tris-HCI buffer
at pH 7.6. The elution volume of the IAM hydrolase was 127.4 ml and

pH 4.7, the activity of the enzyme sharply decreased to
8.6% of that at the optimum pH (Fig. 5a).

Effects of temperature

Effects of temperature on the activity and the stability of
IAM hydrolase were investigated at various temperatures.
As shown in Fig. 5b, the optimum temperature was 52°C at
pH 6.6 and the activity fell off sharply on either side of this
temperature. For the assay of stability, enzyme preparations
were heated for 15 min at various temperatures. After cool-
ing in ice for 5 min, the remaining activities were measured.
Above 50°C, the activity decreased sharply and was com-
pletely lost at 65°C. When stored at 4°C, the enzyme was
stable for 143 days (data not shown).
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corresponds to a molecular mass of 50.5 kD. b Estimation of molecu-
lar mass of IAM hydrolase by SDS-PAGE. The R; value of the IAM
hydrolase was 0.30, which corresponds to a molecular mass of
50.0 kD

Substrate specificity

Besides 1AM, this enzyme was capable of converting 1-
naphthaleneacetamide to its corresponding acid, but at a
reduced velocity (Table 2). The ethyl ester of IAA (Et-
IAA) was also a good substrate for this amidohydrolase.
The reaction product (IAA) was confirmed by LC-MS
(Fig. 6). The amount of IAA formed from the ester was ca.
57% of that from IAM. The preparation that had been
further purified (the MiniQ PC3.2/3 fraction) also showed
this activity (data not shown).

The enzyme did not convert indole-3-acetonitrile (IAN)
or the amino acid conjugates such as indole acetylaspartic
acid at all (Table 2).
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Fig. 5a,b. The pH optimum and temperature effects. a pH-
dependence of the activity of IAM hydrolase. Open circles (O) 25 mM

citrate, pH 4.7-5.8; open squares ((J0) 50 mM phosphate, pH 6.0-7.6; 120 ]
open triangles (A) 25 mM Tris-HCI buffer, pH 7.6-8.85. b Effects of
temperature on TAM hydrolase activity and stability. Solid circles (®) ~100 A
temperature sensitivity curve; open circles (O) temperature stability °\° {
curve. Temperature stability of the enzyme was calculated by ~ ]
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Table 2. Substrate specificity of the indole-3-acetamide hydrolase <
activity of rice callus (O. sativa Nipponbare). Data refer to the corre- > 80 1
sponding acid formed in nmols (mg protein)™ h™' at 37°C S ]
=
Substrate Acid formed (nmols) 8 6
0 -
Indole-3-acetamide 338.8 ?>_) 401
1-Naphthaleneacetamide 101.4 T )
Et-IAA® 191.6 o)
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TAA-L-aspartic acid Not attacked .
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Fig. 6a,b. Mass spectrometric analysis of
the reaction product in extract of callus
of O. sativa Nipponbare, incubated with a 100
indoleacetic acid ethyl ester (Et-IAA).
a Mass spectrum of authentic IAA;
characteristic ion of IAA showed at m/z
130, 146, 176(M*+1, base peak). b Mass
spectrum of the reaction product
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IAM. The inset shows a Lineweaver-Burk plot indicating the Km for
IAA to be 0.96 mM. b Reaction rate as a function of concentration of
Et-IAA. The inset shows a Lineweaver-Burk plot indicating the Km
for IAA ethyl ester to be 0.55 mM

Km value

The rate of enzyme reaction was measured in the presence
of various concentrations of substrates, IAM and Et-IAA.
The maximum velocity of enzyme reaction was 339.2 and
372.5 nmole/mg protein h™ for IAM and Et-IAA, respec-
tively. The rate was reduced slightly by substrate concentra-
tions higher than those that gave the maximum velocity for
both substrates (Fig. 7).

From the Lineweaver-Burk plot, the Km values for [AM
and Et-TAA were estimated to be 0.96 and 0.55 mM, respec-
tively (Fig. 7).

Discussion

The molecular weight (M,) (ca. S0 kD) of the hydrolase
from rice cells estimated by both SDS-PAGE and gel filtra-

197

tion was very similar to that from Agrobacterium tumefa-
ciens (M, 49,000 D) (Schroder et al. 1984). The properties
of the enzyme (Table 2) were, however, quite different from
those of the enzymes from A. tumefaciens (Kemper et al.
1985). For example the amidohydrolase from rice is stable
under low temperature whereas the enzyme purified from
crown gall is unstable even at 4°C. The stability under low
temperature and optimal pH of rice enzyme rather resem-
ble amidohydrolase purified from etiolated squash seed-
lings (Rajagopal et al. 1994). However they are different in
terms of substrate specificity, namely squash amidohydro-
lase has an ability to hydrolyze IAN whereas rice enzyme
has no such ability (Table 2).

Km value of the rice enzyme (0.96 mM) was consider-
ably higher for IAM than that of crown gall (1.2 uM)
(Kemper et al. 1985). In order for the rice amidohydrolase
to serve in auxin biosynthesis, high concentrations of sub-
strate must be present endogenously. However no endoge-
nous IAM was detected from various organs such as shoots,
roots, calli and young fruits of rice (data not shown). There-
fore it is unlikely that the rice enzyme is involved in auxin
biosynthesis via the IAM pathway.

It is interesting to note that the fraction purified ca. 628-
fold can hydrolyze not only IAM but also Et-IAA. This
observation suggests that the one enzyme has dual functions
as amidase and esterase. Although there are no data dem-
onstrating the presence of Et-IAA in rice, it has been
reported that rice ears contain a large amount of esterified
TAA at the stage of anthesis (Kobayashi et al. 1989). There-
fore the rice amide hydrolase purified here may serve to
control IA A accumulation via hydrolysis of the endogenous
esterified IAA. Further purification of the enzyme and the
examination of substrate specificity will be required to
address this possibility.

The activity of IAM hydrolase is prominent in wild and
cultivated rice. The activity is also found in various organs
of rice plants (Kawaguchi et al. 1991). Therefore the enzyme
may have a basic function specific for the physiology of rice.
BLAST search for homologues of TAM hydrolase from A.
tumefaciens indicated that there are two genes showing sim-
ilarity in the rice genome (BAC clones on chromosome 4
and 12). Regions showing similarity with TAM hydrolase of
A. tumefaciens are identical to conserved regions found
between A. tumefaciens, Pseudomonas savastanoi, and
Bradyrhizobium japonicum (Yamada et al. 1985; Sekine et
al. 1989). RNA-induced gene silencing strategies are likely
to be effective for investigating the function of these genes
in rice.
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