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Indole-3-acetyl-amino acid conjugate hydrolases are believed to
be important in the regulation of indole-3-acetic acid (IAA) metab-
olism in plants and therefore have potential uses for the alteration
of plant IAA metabolism. To isolate bacterial strains exhibiting
significant indole-3-acetyl-aspartate (IAA-Asp) hydrolase activity, a
sewage sludge inoculation was cultured under conditions in which
IAA-Asp served as the sole source of carbon and nitrogen. One
isolate, Enterobacter agglomerans, showed hydrolase activity in-
ducible by IAA-L-Asp or N-acetyl-1-Asp but not by IAA, (NH,),SO,,
urea, or indoleacetamide. Among a total of 17 1AA conjugates
tested as potential substrates, the enzyme had an exclusively high
substrate specificity for IAA-L-Asp. Substrate concentration curves
and Lineweaver-Burk plots of the kinetic data showed a Michaelis
constant value for 1AA-L-Asp of 13.5 mm. The optimal pH for this
enzyme was between 8.0 and 8.5. In extraction buffer containing
0.8 mm Mg”" the hydrolase activity was inhibited to 80% by 1 mm
dithiothreitol and to 60% by 1 mm CuSO,; the activity was in-
creased by 40% with T mm MnSO,. However, in extraction buffer
with no trace elements, the hydrolase activity was inhibited to 50%
by either 1 mm dithiothreitol or 1% Triton X-100 (Sigma). These
results suggest that disulfide bonding might be essential for enzyme
activity. Purification of the hydrolase by hydroxyapatite and TSK-
phenyl (HP-Genenchem, South San Francisco, CA) preparative
high-performance liquid chromatography yielded a major 45-kD
polypeptide as shown by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis.

The naturally occurring plant hormone IAA serves as an
important signaling molecule, and its concentration and
metabolism are thought to be tightly regulated (Normanly
et al,, 1995). IAA levels are controlled in vivo in part by the
formation and hydrolysis of conjugates (Szerszen et al.,
1994; Bartel and Fink, 1995). Such conjugates may serve as
storage for excess precursors or hormones during times of
excess production and may also serve as a hormone source
when TAA is needed for growth and development (Cohen
and Bandurski, 1982).

IAA conjugation could function (a) in the transport of
TAA (Nowacki and Bandurski, 1980), (b) in the storage and
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subsequent reuse of IAA (Epstein et al., 1980), (c) to protect
IAA from enzymatic destruction (Cohen and Bandurski,
1978; Park and Park, 1987), (d) in the homeostatic control of
IAA concentration in plants (Bandurski, 1980), or (e) as a
means of entry into the catabolic pathway through IAA-
Asp (Tuominen et al., 1994). Because of the potential in-
volvement of IAA conjugation in hormonal regulation, a
number of laboratories have focused on the role of both
1AA-ester and IAA-amide conjugate synthesis and hydro-
lysis activities during development (Bialek et al., 1983; Hall
and Bandurski, 1986; Glass and Kosuge, 1988; Roberto et
al., 1990; Sitbon et al., 1991; Sasaki et al., 1992; Szerszen et
al., 1994; Bartel and Fink, 1995). Recent findings implicate
IAA-Asp as an intermediate in the oxidative catabolism of
IAA in several species (Tsurumi and Wada, 1986; Monteiro
et al., 1988; Tuominen et al., 1994). These studies are of
interest because control of catabolic processes could be
useful in the genetic engineering of plants with altered
levels of IAA in specific tissues (Fig. 1).

IAA-L-Asp was the first naturally occurring IAA-amide
conjugate to be chemically characterized (Andersson and
Sandberg, 1982; Cohen, 1982). IAA-Asp is known to be an
endogenous component of soybean seeds (Cohen, 1982),
and available evidence indicates that it is present in many
other plant species (Row et al., 1961; Olney, 1968; Tillberg,
1974; Andersson and Sandberg, 1982; Cohen and Ernstsen,
1991; Dunlap et al., 1996). However, despite its widespread
existence in plants and two hopeful preliminary reports
(Lantican and Muir, 1967; Higgins and Barnett, 1976), an in
vitro system for IAA-Asp synthesis or hydrolysis by an
enzymatic mechanism has yet to be achieved (Bandurski et
al., 1995). The difficulty with studies of IAA-Asp hydroly-
sis has in part been due to the minute amount of free TAA
that is released over time. This is explained by the low rate
of IAA-Asp hydrolysis found in most higher plants (Bialek
et al, 1983) and also by the fact that IAA-amino acid
hydrolases isolated from plants appear to denature easily
during purification (Cohen et al., 1988; Kuleck and Cohen,
1992). These considerations led us to investigate the poten-
tial for obtaining similar activities from bacterial cultures
and to use such bacterial activities to understand and mod-
ify IAA metabolism in higher plants.

Abbreviations: BSM, basal salts medium; LB, Luria broth.
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Figure 1. Possible pathway regulation for the catabolism of IAA-Asp
in plants and the potential use of the bacterial enzyme.

We present here the first part of our ongoing study of an
IAA-amino acid conjugate hydrolase with apparent speci-
ficity toward N-acyl-Asp hydrolysis, isolated from a bac-
terial strain of Enterobacter agglomerans. This enzyme can be
induced in the bacteria by compounds with similar amide
structures. The characterization of its cofactor require-
ments and optimal pH conditions suggests that the enzyme
has a strong hydrophobic character and is rich in disulfide
bonds. Its substrate specificity and kinetic constants reveal
some interesting biochemical phenomena that might ulti-
mately help in using this enzyme to understand the phys-
iological processes regulating the metabolism of free JAA
and JAA conjugates.

MATERIALS AND METHODS
Bacterial Strain Isolation and Characterization

Bacterial strains were isolated from a sewage sludge
inoculation using standard enrichment techniques (Krieg,
1981) and IAA-DL-Asp or IAA-L-Ala (Aldrich) as the sole
source of carbon and nitrogen. One bacterial isolate found
to have an enzymatic activity highly inducible by IAA-Asp
was subjected to Gram stain and oxidase tests. Two kinds
of multimedia tubes (the Oxi/ferm tube and Enterotube II,
Roche Diagnostic Systems, Nutley, NJ), were used for fur-
ther bacterial characterization. The bacterial strain was also
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identified by fatty acid methyl ester analysis according to
standard protocols (Microbial ID, MIDI, Newark, DE).

Induction and Extraction of 1AA-Asp Hydrolase

Bacteria were grown in an LB-rich medium (GIBCO-
BRL) for 24 h at 30°C and then transferred to BSM
(Tomasek and Karns, 1989) containing different inducer
treatments (Table I) for another 16 h to induce the IAA-Asp
hydrolase activity. The bacterial cells were harvested and
pelleted after enzyme induction by centrifugation at
12,000¢ for 5 min at 4°C. The pellet was resuspended in 4
mL of 50 mM potassium phosphate buffer (pH 7.0) contain-
ing 0.8 mm MgSO, (buffer A) and sonicated (Biosonic 4
unit, VWR Scientific) with a 20-mm probe using two pulses
of 400 W for 15 s each at 4°C. Unbroken cells and cell debris
were removed by centrifugation at 12,000¢ for 10 min. The
supernatant was collected and labeled as crude extract and
the IAA-Asp hydrolase activity was assayed.

Enzyme Activity Assays

Qualitative enzyme assays were measured by incubating
100 uL of a 10-fold buffer A-diluted crude extract with 1
mM IAA-L-Asp (no. 19387, Sigma) at 30°C for 10 min. The
reaction was stopped by adding 20 uL of 85% H;PO,, and
the IAA product was extracted into 200 ul of water-
saturated ethyl acetate. The ethyl acetate extract was ana-
lyzed by silica gel 60-F,5, TLC (no. 5719-2, E. Merck,
Darmstadt, Germany) using a solvent of 2-butanone:ethyl
acetate:ethanol:H,O (3:5:1:1, v/v) as described by Labarca
et al. (1965). After drying at room temperature, the TLC
plate was developed by immersion in Ehmann’s reagent
(Ehmann, 1977) for about 5 s and incubated at 100°C for 1
to 5 min. Under these conditions, IAA had an Rp value of
0.8, and IAA-Asp had an Rg value of 0.2. Both could be
visualized by their bright blue color after development.

Quantitative enzyme assays were measured using the
same reaction and ethyl acetate extraction procedures. The
ethyl acetate extract was then dried in vacuo and redis-
solved in 50% methanol:1% acetic acid (1:1, v/v). The so-

Table 1. JAA-Asp hydrolase induction by different inducers
with BSM

The bacteria were cultured in an LB-rich medium for 24 h and then
transferred to BSM with inducers for another 16 h.

Inducers Concentration Induction?®
mm %
IAA-Asp 1 100
(NH,),SO4 5 0
Urea 5 0
IAA 1 0
Indoleacetamide 1 0
N-acetyl-L-Asp 0.2 10
N-acetyl-L-Asp 1 30
N-acetyl-L-Asp 5 100
N-acetyl-L-Asp 25P 200

2 Inductions were measured visually based on IAA spot coloriza-
tion of TLC with Ehmann’s solution. P The 25 mm N-acetyl-L-Asp
was the highest concentration tested.
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lution was then analyzed by C,g reverse-phase HPLC
(Whatman 5 p Partisil ODS-3 column, 4.6 X 150 mm) with
a mobile phase of 50% methanol:1% acetic acid (1:1, v/v)
and UV detection at 282 nm.

Enzyme Purification

A 9-L bacterial culture was grown for 16 h with aeration
in BSM supplemented with 25 mm N-acetyl-L-aspartate
(no. A8901, Sigma) to induce the synthesis of the IAA-Asp
hydrolase. Cells from the 16-h culture were pelleted by
centrifugation (6,000¢ for 20 min at 4°C). The 40-g pellet
(consisting of cells and a considerable amount of polysac-
charide) was resuspended in 90 mL of buffer A. This cell
suspension was passed through a chilled French pressure
cell (1050 kg cm™2) twice, and whole cells and debris were
removed by centrifugation (12,000g for 10 min at 4°C). The
supernatant was subjected to ultracentrifugation (200,000¢
for 1 h at 4°C), and the supernatant from this treatment
(hereafter referred to as the “crude soluble fraction”) was
removed and used as a source of IAA-Asp hydrolase for
further purification and characterization.

The crude soluble fraction was pumped (3 mL min™")
onto a 2.0- X 19-cm ceramic hydroxyapatite preparative
HPLC column (Macro-Prep, Bio-Rad) pre-equilibrated with
10 mM potassium phosphate buffer, pH 7.0. With this
method separation is based primarily on the ionic strength
of proteins. The column was washed with a 10 to 200 mm
linear gradient of potassium phosphate buffer, pH 7.0, at a
flow rate of 5 mL min~'. Fractions containing IAA-Asp
hydrolase activity were pooled and used for further
purification.

The most active fractions from two column runs of the
hydroxyapatite column containing IAA-Asp hydrolysis ac-
tivity were pooled and brought to 0.5 m (NH,),S50, by the
addition of solid (NH,),SO, and pumped at 3 mL min~!
onto a TSK-phenyl column (2.15 X 15 cm; HP-Genenchem,
South San Francisco, CA) that had been equilibrated with
buffer A containing 0.5 M (NH,),SO,. The column was
washed with buffer A containing 0.5 m (NH,),SO, until all
unbound material was eluted and a stable baseline was
obtained. Bound material was eluted using a linear gradi-
ent of 0.5 to 0 M (NH,),SO, in buffer A at a flow rate of 5
mL min~'. Active fractions were pooled and used for
SDS-PAGE analysis and further purification.

Protein Determinations and SDS-PAGE

Protein concentrations in the crude extracts were deter-
mined by the method of Bradford (1976) and in the par-
tially purified enzyme preparations were determined by
the spectrophotometric method of Kalb and Bernlohr
(1977). Size-exclusion chromatography of fractions from
the TSK-phenyl column was carried out (Protein-Pak
300SW column, 7.8 X 300 mm; Waters), equilibrated, and
run with buffer A at 1 mL min~"'. SDS-PAGE of proteins
was performed by the method of Laemmli (1970).

RESULTS
Bacterial Identification

A total of 18 bacterial strains was isolated from the
sewage sludge and used for further assays of IAA-Asp
hydrolase induction. The TAA-Asp hydrolase activity in
one bacterial strain, coded GK#12A, was found to be highly
inducible by 1 mm [AA-Asp in BSM after 24 h of cell
culture in LB-rich medium. This bacterial strain showed
negative results on both Gram stain and oxidase tests, but
the results were positive on anaerobic dextrose fermenta-
tions with gas production, aerobic dextrose oxidation, Xyl
oxidation, urease activity, citrate consumption, and Lys
decarboxylase activity. The multimedia test results
strongly suggested that this bacterial strain belonged to the
Enterobacteriaceae family (Martin and Washington, 1980;
Richard, 1984). Further analysis consisted of testing the
bacteria for fatty acid composition using GC, which
showed that the GK#12A isolate was highly similar to E.
agglomerans with a match correlation of 0.886 (the higher
the correlation, with the maximal value at 1.000, the higher
the similarity). Another strong match by these criteria was
shown with Actinobacillus lignieresii (with a match correla-
tion of 0.837) after 48 h of cell culture, but this possibility
was ruled out because the reported oxidase test character-
istic of A. lignieresii conflicted with the results obtained
with GK#12A. Therefore, we concluded that GK#12A was a
strain of E. agglomerans.

IAA-Asp Hydrolase Inductions

From different combinations of cell culture and induc-
tion experiments (Table I), we found that 24 h of culture on
LB medium followed by culture for an additional 16 h on
BSM containing 25 mm N-acetyl-L-Asp yielded the highest
induction of TAA-Asp hydrolase. This protocol was thus
adopted and used throughout the later experiments. Com-
parisons of the total protein amount in each induction
experiment showed no distinguishable variation, ruling
out the possibility that the negative induction results seen
under some conditions might have come from an incom-
plete protein extraction.

Purification of IAA-Asp Hydrolase

IAA-Asp hydrolase was purified by chromatography of
the crude soluble fraction (approximately 900 mg of total
protein at a concentration of 1.2 mg mL~") on a ceramic
hydroxyapatite preparative HPLC column, followed by
chromatography of the hydroxyapatite HPLC active frac-
tions on a TSK-phenyl preparative HPLC column (Table II).
The final preparation had a specific activity of approxi-
mately 180 times that of the starting material and yielded a
major band of approximately 45 kD when subjected to
SDS-PAGE (Fig. 2).

Characterization of IAA-Asp Hydrolase

The native molecular size of the TAA-Asp hydrolase was
estimated by size-exclusion chromatography to be between
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Table Il. Purification of IAA-Asp hydrolase from E. agglomerans

Purification Step Total Protein Total Activity® Specific Activity Recovery Purification
mg wmol min~' wmol min~" mg~" protein % fold
Crude extract 886.08 52.81 0.0596 100 1
Hydroxyapatite 207 .4 48.32 0.233 91.5 4
TSK-phenyl® 0.746 7.87 10.551 14.9¢ 177

* The hydrolysis assays were measured by quantitative HPLC analysis.

fractions from two hydroxyapatite columns.
include the total activity recovered.

b The TSK-phenyl column was loaded with the combined active

© The activity tested here was from the peak-active fraction of 5 mL of eluate, and thus does not

40 and 55 kD. Taken together with the size estimated by
SDS-PAGE, these results suggest that the enzyme is a
monomer of 45 kD.

Assays were performed to test the effect of different
metal salts or divalent metal chelators, the reductant DTT,
and the detergent Triton X-100 on activity. MgSO,, ZnSO,,
EDTA, and CoSO, showed no effect on enzyme activity at
1 mm. Assays with 1 mm DTT or 1% Triton X-100 showed
approximately 50% inhibition of IAA-Asp hydrolase activ-
ity (Fig. 3A). In contrast, if the extraction buffer contained
0.8 mm Mg**, similar assays showed 60 and 80% inhibition
by 0.1 mm CuSO, and DTT, respectively, and an approxi-
mately 40% increase by 1 mm MnCl, on the IAA-Asp
hydrolase activity (Fig. 3B).

A total of 17 different IAA conjugates were assayed in a
study of alternative substrates for IAA-Asp hydrolase. The
results showed that the enzyme had an exclusively high
specificity for IAA-L-Asp as the substrate (Table III). In
addition, the optimal pH condition for IAA-Asp hydrolase
activity was found to be between pH 8.0 and 8.5 (Fig. 4).

To define the substrate requirements of the IAA-Asp
hydrolase, K, values were estimated from substrate con-
centration curves and Lineweaver-Burk plots using IAA-L-
Asp as the substrate. The kinetic experiments showed a K,
value of approximately 13.5 mm (Fig. 5).

DISCUSSION

IAA-Asp makes up more than 50% of the total IAA
conjugates in some plant tissues, such as soybean seeds
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Figure 2. SDS-PAGE of the crude soluble fraction (left) and the
fraction after hydroxyapatite and TSK-phenyl column purification
(right).

(Cohen, 1982), and yet direct biochemical studies of its
hydrolysis are still rare. In this report we focus on IAA-Asp
hydrolase activity because it has now been shown that in
certain plant species the regulation of IAA-Asp synthesis
and hydrolysis play a key role in JAA metabolism and,
thus, plant growth and development (Cohen and Baldi,
1983; Nordstrom and Eliasson, 1991; Bialek and Cohen,
1992; Magnus et al., 1992; Bandurski et al., 1995). In par-
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Figure 3. Effects of trace elements, reductant (DTT), EDTA, and
detergent (Triton X-100) on IAA-Asp hydrolase. A, Crude extract
without Mg?* in the buffer; B, crude extract with the standard
Mg?*-containing buffer (see “Materials and Methods”). All treat-
ments are at 1 mm except Triton X-100, which was 1% (v/v). All
values are relative to control (100%), which was 23.9 = 4.0 nmol
min~' mg~' protein in the experiment reported in A and 35.8 = 1.8
nmol min~' mg~! protein in B. The IAA released by hydrolysis was
measured by quantitative HPLC. Data are the averages * sb of three
experiments.
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Table 11l. Assays for alternative substrates of IAA-Asp hydrolase

All assays were performed using 0.5 mg of protein from the crude
extract or 0.01 mg of purified protein from the TSK-phenyl column
with 1 mm of substrates at 30°C for 24 h, except for IAA-L-Asp, which
was done with 0.1 mg of protein at 30°C for 10 min. The hydrolysis
was measured visually based on 1AA spot colorization of TLC with
Ehmann’s solution, except for the purified enzyme on lAA-L-Asp,
which was measured by quantitative HPLC.

Hydrolysis Rates®

Substrate
Crude enzyme Purified enzyme

IAA-L-Asp 98,740 10.6 X 10°
IAA-D-Asp <0.8

IAA-L-isoLeu <0.8

IAA-L-Phe <0.8

IAA-L-Val <0.8

IAA-L-Leu® 0.8 <0.8
IAA-L-Gly® 2.4 <0.8
IAA-L-Ala <0.8

IAA-L-Lys <0.8

IAA-L-GluP 1.1 <0.8
IAA-L-nonVal® 0.8 <0.8
IAA-B-Ala <0.8
|AA-8-amino-valeric acid <0.8
IAA-y-amino-butyric acid <0.8

IAA-L-Orn <0.8

IAA-L-norLeu <0.8

N, N ~(IAA),-L-Lys <0.8

2 The hydrolysis rates are pmol min™" mg™" protein. Hydrolysis

was not detectable below the rate of 0.8 pmol min™" mg™" protein
for 24-h incubation (less than 0.2 ug IAA on the TLC plate).

b Substrates (IAA-L-Leu, IAA-L-Gly, 1AA-L-Glu, and IAA-L-norVal)
with trace hydrolysis were further tested with more purified protein.

ticular, recent studies show that IAA conjugation to aspar-
tate is the entry step into the IAA catabolic processes in
some plants (Tsurumi and Wada, 1986; Pluss et al., 1989);
therefore, in such plants [AA-Asp formation would be the
last potentially reversible step prior to the irreversible ox-
idation of the indolic ring. Previous direct biochemical
approaches and molecular analyses of IAA-conjugate-
resistant mutants have focused on IAA-amino acid hydro-
lases, but these in vitro studies yielded proteins with no
reported hydrolytic activity toward IAA-Asp (Cohen et al.,
1988; Kuleck and Cohen, 1992; Bartel and Fink, 1995). In
vivo studies, however, suggest that plants are able to carry
out such hydrolysis reactions (Bialek et al., 1983; Cohen
and Baldi, 1983). Because of the expected low level of
IAA-Asp hydrolysis activity in plants and the failure of
prior plant studies to show in vitro hydrolytic activity
toward IAA-Asp, we decided to determine whether such
an activity could be found in prokaryotes. Sewage sludge
has been shown to be a rich source from which to isolate
bacterial strains. We found 18 possible candidates from
sewage sludge showing the ability to grow by consuming
IAA conjugates such as TAA-Asp and JAA-Ala. Of these,
GK#12A was identified as a strain of E. agglomerans con-
taining the strongest inducible activity capable of hydro-
lyzing JAA-Asp. This strain was therefore chosen for fur-
ther investigation.

N-acetyl-L-Asp and IAA-Asp both served as strong in-
ducers of IAA-Asp hydrolase (Table I). N-acetyl-L-Asp was
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used rather than IAA-Asp for large-scale cultures because
N-acetyl-L-Asp is less expensive and easier to obtain in
large amounts. This alternative provided an additional
benefit in that it prevented possible contamination by re-
sidual IAA-Asp from induced cultures in the later enzyme
assay experiments. The induction by multiple substrates
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and the substrate specificity of the enzyme activity (Table
III) both indicated that induction was probably triggered
by a special amide structure (i.e. N-acylation on aspartate).
Alternatively, induction might have been a multiple-step
process in which JAA-Asp served as the original inducer
and triggered a sequential induction involving the produc-
tion of different activities. However, the induction of IAA-
Asp hydrolase activity by N-acetyl-aspartate and the re-
verse process argues against such a relationship. A more
detailed series of induction experiments will be necessary
to elucidate fully the induction mechanism.

Enzyme purification utilizing the ceramic hydroxyapa-
tite column for separation based on ionic strength and the
TSK-phenyl column for separation by hydrophobic charac-
ter (Table II) increased the purification by 10-fold in com-
parison with the combination of the DEAE ion-exchange
column and the TSK-pheny! column (data not shown). The
peak active fraction from the TSK-phenyl column showed
a major band at 45 kD, which consistently corresponded
with the enzyme activity assays and was thus identified as
the protein having the IAA-Asp hydrolase activity. This
size estimation was confirmed by size-exclusion chroma-
tography, in which fractions containing strong enzyme
activity eluted in the molecular mass range calculated from
marker protein standards to be 40 and 55 kD (data not
shown). After elution from the TSK-phenyl column the
protein could be easily purified by SDS-PAGE and electro-
elution electrophoresis. This method has previously
yielded proteins suitable for protein sequencing and, thus,
sequence-based gene cloning.

We tested 17 IAA conjugates as possible substrates, in-
cluding IAA-amino acid conjugates and both r- and -
forms of IAA-Asp. Surprisingly, we did not find any com-
parable level of activity toward any other IAA conjugates
(Table IIT). We detected weak activity with IAA-Gly using
less purified protein and extending the incubation period
to 24 h at 30°C (IAA-L-Asp was completely hydrolyzed
within 30 min under the same conditions). No activity
toward IAA-Gly was found, however, when the more
highly purified active fraction from the TSK-phenyl col-
umn was used as the enzyme source. These results indicate
that the weak hydrolytic activity toward IAA-Gly might be
caused by some nonenzymatic degradation due to contam-
inating compounds or the presence of contaminating en-
zyme(s) that catalyze IAA-Gly hydrolysis. IAA-L-Leu,
IAA-L-Glu, and IAA-L-norVal were also weakly hydro-
lyzed by less pure preparations and, as with TAA-Gly
hydrolysis, enzyme preparations from the TSK-phenyl col-
umn did not have this hydrolytic activity. The high degree
of IAA-amino acid specificity of this IAA-Asp hydrolase is
especially interesting since this bacterial enzyme is more
specific than enzymes isolated so far from higher plants.
For example, the activity of ILR1 from Arabidopsis could
hydrolyze five IAA-amino acid conjugates tested, IAA-Phe,
TAA-Leu, IAA-Ala, TAA-Gly, and IAA-Val (Bartel and Fink,
1995), and the IAA-Ala hydrolase from carrot cells showed
cross-activity to IAA-Phe (G.A. Kuleck and J.D. Cohen,
unpublished data).
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Analyzing the effect of trace elements and reducing
agents on IAA-Asp hydrolase revealed that it might con-
tain a very strong hydrophobic and disulfide-bond-rich
structure, since 1 mM DTT inhibited as much as 80% of the
enzyme activity and the presence of Mg”" prevented the
inhibitory effect of 1% Triton X-100 (Fig. 3). It is, however,
unusual that 1 mm CuSO, inhibited the activity by 60% in
the presence of Mg”" but had no effect on enzyme activity
when Mg®* was omitted from the extraction buffer. The
optimal activity under mildly basic conditions, pH 8.0 to
8.5 (Fig. 4), could indicate that these conditions stabilize the
enzyme structure by preventing proton attack on disulfide
bonds.

The substrate concentration curves of IAA-Asp hydro-
lase and Lineweaver-Burk plots revealed a relatively high
K,, value of 13.52 mm, showing that the enzyme has a
lower affinity for the substrate than might be optimal for
phytohormone conjugate hydrolysis. However, the en-
zyme effectively hydrolyzed IAA-Asp at substrate levels
well below its K,,. In addition, substrate concentrations
might be higher in specific cellular organelles within the
plant (Sitbon et al., 1993).
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