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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 m em brane) is a con
tinuous nonliving, lipophilic m aterial that forms the 
interface betw een the plant and the environm ent
[1]. The cuticle plays an im portant role controlling 
the penetration  of herbicides, plant growth regula
tors and hazardous chemicals [2]. In this sense, the 
cuticle serves as the prim e barrier to the sorption 
and subsequent uptake of xenobiotics deposited 
from the atm osphere [3]. Nevertheless, checking 
and identifying exogenous chemicals at the cuticu
lar level currently requires a com bination of distinct 
destructive techniques including labelled com
pounds [4], It seems of interest to search new exper
im ental approaches to yield m ore inform ation 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 com m unication reports the use of this ap
proach to describe interactions betw een cuticular 
m em branes and exogenously applied chemicals.
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For this purpose, the interaction of nitrogen oxide 
with isolated cuticles has been selected.

It has been docum ented that nitrogen oxide, an 
air pollutant from  diverse com bustion processes, in
teracts with the plant cuticle and that the exposure 
of isolated plant cuticles to N 0 2 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  m ature to 
m ato fruits (Lycopersicon  esculentum  Mill.) were 
isolated as described elsewhere [8]. Isolated cuticles 
kept at about 20 °C and a relative hum idity at 60% 
were then exposed to 100% N 0 2 in a small glass 
chamber. A fter 6 h the cuticles were rem oved from 
the chambers, s tored during 1 h in air at 20 °C to de
sorb gaseous N O , and washed three times (15 min 
each) with desionized w ater (1 ml water/mg cu
ticle). A fterw ards the cuticles w ere placed in a des
iccator and were brought to equilibrium  with air 
over dry silica gel at room  tem perature.

Infrared spectra w ere obtained with a Perkin- 
Elm er 1760 X Fourier transform  infrared spec
trom eter. The spectra were obtained on trea ted  and 
untreated  dry cuticular m em branes as described by 
Ram irez et al. [5]. Spectra recorded from different 
samples of cuticular m em branes gave essentially the 
same relative absorption bands.

Infrared spectrum  betw een 1800 and 600 cm -1 of 
untreated  and N 0 2 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 b e
tween the two isolated cuticles. W hile 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-1 
region.
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Fig. 2. Fourier transform IR  Spectrum of treated (NOz 
exposure) isolated fruit cuticular membrane in the 
1800-600 cm-1 region.

spectrum  of un treated  tom ato cuticle shows the ab
sorption bands discussed by R am irez et al. [5], the 
infrared spectrum  of the treated  cuticle yields new 
bands in addition to some shifted frequencies in 
com parison to  those observed in the untreated  cu
ticular m em brane. The new absorption bands ap 
pear at 1631,1278 and 860 cm -1 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 
N 0 2 group, respectively. The sym m etric stretching 
vibration (at 1278 cm -1) appears in a spectral regi
on w here the untreated  cuticle has no significant in
frared absorptions. The asymmetric stretching can 
be observed as a b roader band due to  the chem i
cal modifications that the bound nitrogen oxide in
duces in the tom ato  cuticle. The sam e fact was ob
served upon analyzing the infrared  absorption 
found at 860 cm -1 in com parison with the absorp
tions that were m easured in the un treated  tom ato 
cuticular m em brane; this band has been  assigned to 
the N 0 2 bending vibration. A  sum m ary of these ob 
served significant differences in the absorption fre
quencies and their assignments is given in Table I.

Taking into account the chem istry and composi
tion of the plant cuticle, one may expect that phe- 
nolics are the m ost probable com pounds for N 0 2 
binding. This hypothesis has been confirm ed by Kis- 
ser-Priesak et al. [7] after selective extraction and 
G C analysis of depolym erized isolated tom ato 
cuticles previously treated  with nitrogen oxide.

O ur findings indicate that there  is effective N 0 2 
binding to selected phenolics presen t in the cuticu
lar m em brane and some observed spectral m odifi
cations seem to  confirm this point. The noticeable

Table I. Significant frequencies (in cm-1) measured in the 
IR spectrum of treated (N 0 2 exposure) isolated tomato 
fruit cuticles.

Frequency Intensity Assignment3

1716 medium v (C =0)b
1631 strong va (NO,)
1278 medium vs (NO,)
860 medium 6 (N 02)

a v = stretching vibration; 6 = bending vibration 
a = asymmetric; s = symmetric. 

b Carbonyl groups belonging to flavanones; this band ap
pears at 1624 cm-1 in the spectra of untreated cuticles.

spectral change observed around 1620 cm -1 (see 
Fig. 1 and 2) can be in terpreted  in term s of different 
chemical arrangem ents of concrete phenolics with 
functional groups which absorb at these frequencies 
after nitrogen oxide treatm ent. R ecent research has 
dem onstrated that the infrared absorptions observ
ed at 1624 and 1606 cm -1 in isolated m ature tom ato 
cuticles can be assigned to the ß-hydroxy-ketone 
group present in the flavanone naringenin (H ere
dia et al., unpublished data). A fter nitrogen oxide 
treatm ent the keto group shifts to  higher frequen
cy (1716 cm -1, see Table I and Fig. 1 and 2) and only 
the N 0 2 asymmetrical stretching vibration appears 
in the above m entioned spectral region. Thus, the 
absorption band located at 1730 cm -1 with a shoul
der at 1713 cm -1 observed in the un treated  cuticles 
and assigned to carbon oxygen stretching vibrations 
of the carbonyl group of ester bond [5] increases as 
a result of the above m entioned spectral shift. A d
ditionally, small spectral changes observed around 
1550 cm -1 agree with these structural considera
tions. Since these bands have been assigned to dif
ferent aromatic stretching vibrations, nitration of 
arom atic rings modifies both the intensity and 
location of these absorption bands [5, 9].

It is known that the am ount of naringenin and its 
chalcone derivative, chalconaringenin, present in 
m ature tom ato cuticles can reach five per cent of 
the cuticle weight [10]. These flavonoids are ran 
domly distributed, trapped or covalently bound, in 
the polym er matrix of the cuticular m em brane. 
Thus, the selective binding of nitrogen oxide to 
these cuticular com ponents affects the m ajor part 
of the tom ato cuticle.

Summarizing, these results dem onstrate the use
fulness of infrared spectroscopy as a tool of in situ
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identification of chemicals at the cuticular level. 
T hat is of great ecotoxicological im portance in the 
case of irreversible uptake of herbicides or pol
lutants. In addition, the infrared spectroscopy can 
yield structural inform ation on the special arrange

m ent of the different functional groups present in 
this biopolymer.
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