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Abstract—We synthesized fluorescence-labeled probe compounds bearing AMCA (1), NBD (2), and dansyl (3) groups as the
fluorescent functionality. In these probe compounds, NBD-type probe, 2, showed leaf-opening activity at 5×10−6 M. The
bioactivity of 2 is one-fifth as strong as that of the natural product, potassium isolespedezate (6). We carried out the binding
experiment using 1 in a plant body. © 2001 Elsevier Science Ltd. All rights reserved.

Most legumes close their leaves in the evening, as if to
sleep, and open them in the morning.1 This is called
nyctinasty, and such a circadian rhythmic movement
has been known to be controlled by their biological
clocks.2 We have identified several bioactive substances
that regulate this leaf movement,3 and chemical study
using these bioactive substances gave significant infor-
mation on the mechanism for the control of nycti-
nasty.3 The next issue is to determine how these
compounds induce leaf movement. Because of the high
hydrophobicity of the leaf-movement factors, it is
assumed that some receptors would exist on a plasma
membrane of the plant motor cell, which is essential for

nyctinastic leaf movement. The bioactive substances
concerning leaf movement can be used as probe com-
pounds that are highly useful for the identification of
their receptors in the plant body, which leads to bioor-
ganic studies of nyctinasty. Investigation of the site
where bioactive substances are perceived at the cellular
level is the first step towards the bioorganic study of
their receptor molecule. Here, we report chemical syn-
thesis of novel fluorescence-labeled probe compounds
bearing AMCA (1), NBD (2), and dansyl (3) groups as
the fluorescent functionality, and a fluorescence study
on the nyctinastic movement using these probe
compounds.
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Recently, we synthesized FITC-labeled potassium
galactoisolespedezate (4), based on the artificial leaf-
opening substance 5, which showed leaf-opening activ-
ity against the leaf of Cassia mimosoides L.4–6 However,
the bioactivity of 4 was one-fiftieth as strong as that of
the natural product (6); thus, a fluorescence labeled
probe compound of much stronger bioactivity was
required for the bioorganic study of nyctinasty. The
decrease of bioactivity in 4 would be attributed to the
largeness of the FITC functionality. Based on this
result, we chose AMCA [6-((7-amino-4-methylcou-
marin-3-acetyl)amino)hexanoyl], NBD [6-N-(7-nitro-
benz - 2 - oxa - 1,3 - diazol - 4 - yl)aminohexanoyl], and
dansyl [6-(4-((5-dimethylaminonaphthalene-1-sulfonyl)-
amino))hexanoyl] groups as the fluorescent func-
tionalities.7 All these groups are much smaller than the
FITC group. We synthesized probe compounds bearing
those fluorescent functionalities according to the proce-
dure previously reported in Ref. 6. As shown in Scheme
1, compound 7, which was prepared according to the
previously established procedure,6 was coupled with
succinimide-type activated esters (8–10). An
aminosugar and a hexanoic acid linker in the fluores-
cent functionalities were connected through an amide
bond, which is assumed to be stable against the hydroly-
sis by esterase in the plant body. After alkaline hydroly-
sis in the final step from ester (11–13) to potassium salt
(1–3), pH of reaction mixtures were adjusted to weakly
basic (pH 7–8) with monitoring pH by a pH meter to
circumvent the decomposition of fluorescent group in
the course of work-ups.

The resulting fluorescence-labeled probe compounds
(1–3)8–10 showed leaf-opening activity against the leaf of

C. mimosoides. The bioactivities of all the probe com-
pounds are shown in Table 1. Especially, the NBD-
labeled probe compound (2) showed the strongest
bioactivity, and was effective at 5×10−6 M, which was
one-fifth as strong as that of the natural product (6).

We used probe 1 for fluorescence study of the interac-
tion between the leaf-opening substance and the plant
motor cell, which gains volume in the process of leaf-
opening and loses volume in the process of leaf-closing
and plays a central role in the plant leaf movement.11 A
leaf of C. mimosoides was cut by a microslicer
(Dousaka EM Co., Ltd.) to a thickness of thirty
micrometers. Then the section containing a motor cell
was incubated overnight in an aqueous solution con-
taining 5×10−5 M of 1. After staining, the stained
section was incubated for 30 minutes with washing
buffer to remove excess fluorescent probes. Then, the
stained section was monitored by using a fluorescence
microscope with an appropriate filter. The use of an
antifadant reagent (Slow FadeTM Antifade Kits, Molec-
ular Probes Inc.) was essential to prevent photobleach-
ing (fading of fluorescence). Fig. 1 shows photographs

Table 1. The leaf-opening activity of each fluorescence-
labeled probe (status of leaf at 9:00 p.m.)

1×10−6 M1×10−4 M 1×10−5 M 5×10−6 M

–++++ –1
–+++++2

+–++3 + –

++: Completely open; +: weakly open; +–: random; –: closed.

Scheme 1. The preparation of fluorescence labeled probe compounds (1–3).
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Figure 1. Fluorescence study of pant pulvini containing motor cells using a probe compound (1); left: control, right: a section
treated with 1.

of plant pulvini, which contains motor cell, under a
fluorescence microscope. The staining pattern for the
fluorescence of probe compound (1) was observed on
the surface of motor cell (Fig. 1). No stain was
observed in the control section, which was treated with
a solution containing no 1 (Fig. 1). Probe 2, the fluores-
cence of which is similar to the background fluores-
cence (autofluorescence) of the plant tissue under a
fluorescence microscope, was inappropriate for the
fluorescence study. In conclusion, we have succeeded in
visualization of the binding site of the leaf-opening
substance in the plant body. These results suggest that
the specific binding site for 1 (or 5) should exist on the
plasma membrane of the motor cell.
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