666

Characterization of NO2 Bound to
the Plant Cuticle by FI-IR Spectroscopy

Patricia Luque, Antonio Heredia

Departamento de Bioquimica y Biologia Molecular,
Facultad de Ciencias, Universidad de Malaga,

29071 Mdlaga, Spain

Francisco J. Ramirez

Departamento de Quimica-Fisica, Facultad de Ciencias,
Universidad de Mdlaga, 29071 M4laga, Spain

and

Martin J. Bukovac

Department of Horticulture, Michigan State University,
East Lansing, MI 48824, U.S.A.

7. Naturforsch. 48¢, 666 - 668 (1993);
received February 16/April 6, 1993

Lycopersicon esculentum, Plant Cuticle,
Nitrogen Oxide, FT-IR Analysis

Nitrogen oxide binding to isolated tomato fruit cu-
ticles has been characterized using Fourier transform in-
frared spectroscopy. The performed infrared analysis in-
dicates that nitration occurs in the flavonoids of mature
tomato cuticles.

The plant cuticle (cuticular membrane) is a con-
tinuous nonliving, lipophilic material that forms the
interface between the plant and the environment
[1]. The cuticle plays an important role controlling
the penetration of herbicides, plant growth regula-
tors and hazardous chemicals [2]. In this sense, the
cuticle serves as the prime barrier to the sorption
and subsequent uptake of xenobiotics deposited
from the atmosphere [3]. Nevertheless, checking
and identifying exogenous chemicals at the cuticu-
lar level currently requires a combination of distinct
destructive techniques including labelled com-
pounds [4]. It seems of interest to search new exper-
imental approaches to yield more information from
the structural point of view and, in addition, with
less time consuming analysis.

Recently, our research group reported the use-
fulness of Fourier transform infrared spectroscopy
(FT-IR) for structural studies on isolated cuticles
[5]. This communication reports the use of this ap-
proach to describe interactions between cuticular
membranes and exogenously applied chemicals.
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Notes

For this purpose. the interaction of nitrogen oxide
with isolated cuticles has been selected.

It has been documented that nitrogen oxide, an
air pollutant from diverse combustion processes, in-
teracts with the plant cuticle and that the exposure
of isolated plant cuticles to NO, shows irreversible
uptake of the pollutant [6, 7]. These facts give to the
cuticle/nitroxide system a high ecotoxicological
interest.

To perform our study, cuticles from mature to-
mato fruits (Lycopersicon esculentum Mill.) were
isolated as described elsewhere [8]. Isolated cuticles
kept at about 20 °C and a relative humidity at 60%
were then exposed to 100% NO, in a small glass
chamber. After 6 h the cuticles were removed from
the chambers, stored during 1 hin air at 20 °C to de-
sorb gaseous NO, and washed three times (15 min
each) with desionized water (1 ml water/mg cu-
ticle). Afterwards the cuticles were placed in a des-
iccator and were brought to equilibrium with air
over dry silica gel at room temperature.

Infrared spectra were obtained with a Perkin-
Elmer 1760X Fourier transform infrared spec-
trometer. The spectra were obtained on treated and
untreated dry cuticular membranes as described by
Ramirez er al. [5]. Spectra recorded from different
samples of cuticular membranes gave essentially the
same relative absorption bands.

Infrared spectrum between 1800 and 600 cm~! of
untreated and NO, exposed cuticles are shown in
Fig. 1 and 2, respectively. The two spectra seem al-
most identical and only after a detailed study of the
assignments one can elucidate the differences be-
tween the two isolated cuticles. While the FT-IR
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Fig. 1. Fourier transform IR spectrum of isolated to-
mato fruit cuticular membrane in the 1800-600 cm™!
region.
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Fig. 2. Fourier transform IR spectrum of treated (NO,

exposure) isolated fruit cuticular membrane in the
1800-600 cm~! region.
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spectrum of untreated tomato cuticle shows the ab-
sorption bands discussed by Ramirez et al. [5], the
infrared spectrum of the treated cuticle yields new
bands in addition to some shifted frequencies in
comparison to those observed in the untreated cu-
ticular membrane. The new absorption bands ap-
pear at 1631, 1278 and 860 cm ! and they have been
assigned to different nitrogen-oxygen vibrations [9].
The first two frequencies correspond to asymme-
trical and symmetrical stretching vibrations of the
NO, group, respectively. The symmetric stretching
vibration (at 1278 cm~!) appears in a spectral regi-
on where the untreated cuticle has no significant in-
frared absorptions. The asymmetric stretching can
be observed as a broader band due to the chemi-
cal modifications that the bound nitrogen oxide in-
duces in the tomato cuticle. The same fact was ob-
served upon analyzing the infrared absorption
found at 860 cm~! in comparison with the absorp-
tions that were measured in the untreated tomato
cuticular membrane; this band has been assigned to
the NO, bending vibration. A summary of these ob-
served significant differences in the absorption fre-
quencies and their assignments is given in Table I.
Taking into account the chemistry and composi-
tion of the plant cuticle, one may expect that phe-
nolics are the most probable compounds for NO,
binding. This hypothesis has been confirmed by Kis-
ser-Priesak et al. [7] after selective extraction and
GC analysis of depolymerized isolated tomato
cuticles previously treated with nitrogen oxide.
Our findings indicate that there is effective NO,
binding to selected phenolics present in the cuticu-
lar membrane and some observed spectral modifi-
cations seem to confirm this point. The noticeable
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Table I. Significant frequencies (in cm~') measured in the
IR spectrum of treated (NO, exposure) isolated tomato
fruit cuticles.

Frequency Intensity Assignment®
1716 medium v (C=0)P
1631 strong v, (NO,)
1278 medium v, (NO,)
860 medium 6 (NO,)
# v = stretching vibration; & = bending vibration

a = asymmetric; s = symmetric.
b Carbonyl groups belonging to flavanones; thisband ap-
pears at 1624 cm~! in the spectra of untreated cuticles.

spectral change observed around 1620 cm~! (see
Fig. 1 and 2) can be interpreted in terms of different
chemical arrangements of concrete phenolics with
functional groups which absorb at these frequencies
after nitrogen oxide treatment. Recent research has
demonstrated that the infrared absorptions observ-
ed at 1624 and 1606 cm~! in isolated mature tomato
cuticles can be assigned to the f-hydroxy-ketone
group present in the flavanone naringenin (Here-
dia er al., unpublished data). After nitrogen oxide
treatment the keto group shifts to higher frequen-
cy (1716 cm~!, see Table I and Fig. 1 and 2) and only
the NO, asymmetrical stretching vibration appears
in the above mentioned spectral region. Thus, the
absorption band located at 1730 cm~! with a shoul-
der at 1713 cm~! observed in the untreated cuticles
and assigned to carbon oxygen stretching vibrations
of the carbonyl group of ester bond [5] increases as
a result of the above mentioned spectral shift. Ad-
ditionally, small spectral changes observed around
1550 cm~! agree with these structural considera-
tions. Since these bands have been assigned to dif-
ferent aromatic stretching vibrations, nitration of
aromatic rings modifies both the intensity and
location of these absorption bands [5, 9].

It is known that the amount of naringenin and its
chalcone derivative, chalconaringenin, present in
mature tomato cuticles can reach five per cent of
the cuticle weight [10]. These flavonoids are ran-
domly distributed, trapped or covalently bound, in
the polymer matrix of the cuticular membrane.
Thus, the selective binding of nitrogen oxide to
these cuticular components affects the major part
of the tomato cuticle.

Summarizing, these results demonstrate the use-
fulness of infrared spectroscopy as a tool of in situ



668

identification of chemicals at the cuticular level.
That is of great ecotoxicological importance in the
case of irreversible uptake of herbicides or pol-
lutants. In addition, the infrared spectroscopy can
yield structural information on the special arrange-

[1] J.T.Martin and B. E. Juniper, The Cuticle of Plants,
Edward Arnold Ltd., Edinburgh 1970.

[2] A. Chamel, Physiol. Veget. 24(4), 491-508 (1986).

[3] C. C. Travis and H. A. Hattemer-Frey, Chemo-
sphere 17, 277-283 (1988).

[4] J. Schonherr and M. Riederer, Reviews of Envi-
ronmental Contamination and Toxicology 108,
1-70 (1989).

[S]F. J. Ramirez, P. Luque, A. Heredia, and M. J.
Bukovac, Biopolymers 32, 1425-1429 (1992).

[6] G. M. Kisser-Priesack, I. Scheunert, G. Gnatz, and
H. Ziegler, Naturwissenschaften 74, 550-551
(1987).

Notes

ment of the different functional groups present in
this biopolymer.

This research has been partially supported by a
grant from NATO Scientific Affairs Division
(CRG-901000) to AH and MJB.

[7] G. M. Kisser-Priesack, D. Bienek, and H. Ziegler,
Naturwissenschaften 77, 492-493 (1990).

[8] J. Benavente and A. Heredia, Solid State Ionics,
53-56, 170-175 (1992).

[9] L. J. Bellamy, The Infrared Spectra of Complex
Molecules, Chapman and Hall, London 1975.

[10] E. A. Baker, M. J. Bukovac, and G. C. Hunt, in: The
Plant Cuticle (D. F. Cutler, K. L. Alvin and C. E.
Price, eds.), pp. 33—44, Academic Press, New York
1982.



