MPMI Vol. 9, No. 9, 1996, pp. 860-863. Publication no. M-1996-1029-01N. © 1996 The American Phytopathological Society

Research Note

The Vicia faba Lipoxygenase Gene VfLOX1
Is Expressed in the Root Nodule Parenchyma
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A full-length ¢cDNA encoding the broad bean lipoxygenase
VILOX1 was isolated from a nodule ¢cDNA library. The
VfLOX1 gene was strongly expressed in nodules, and only
weakly in roots. VFLOX1 transcripts were localized in the
nodule parenchyma and in the cells surrounding the root
stele.

Additional keywords: differential hybridization; tissue-print
hybridization; vegetative lipoxygenase.

A broad bean cDNA library containing root nodule tran-
script sequences was screened for nodule-specific and nodule-
stimulated sequences by differential hybridization (Perlick and
Piihler 1993). Preliminary sequence data revealed that clone
number 87 contained a partial lipoxygenase (LOX) transcript
sequence. Using a 5°-terminal EcoRV fragment of 765 bp as a
hybridization probe (underlined in Fig. 1), we screened
400,000 clones of the nodule cDNA library for full-length
lipoxygenase transcript sequences. Six hybridizing clones
contained cDNA inserts of approximately 2,800 bp. From
these the cDNA LOX1 was sequenced completely.

The 2,830-bp VFLOX1 cDNA (Fig. 1) consisted of a 2,574-
bp open reading frame specifying a gene product of 858 amino
acid residues with a calculated molecular mass of 96.5 kDa,
which was designated VILOX1. The open reading frame was
flanked by a 19-bp 5°- (untranslated region) UTR and a 237-
bp 3°-UTR. Since the initiation codon indicated in Fig. 1 is
preceded by an in-frame termination codon, the LOX1 cDNA
contained the complete coding region of the broad bean
lipoxygenase gene VLOX1.

Based on sequence homologies, VFLOX1 is most similar to
the seed lipoxygenase isoforms LOX3 of Glycine max
(Yenofski et al. 1988) and of Pisum sativum (Ealing and Ca-
sey 1989) with identities of 74.9 and 74.5%, respectively (data
not shown). Homologies with other legume lipoxygenases
were less than 70% and with nonlegume lipoxygenases less
than 62%. Since plant lipoxygenase sequences share only
limited sequence homologies in their N-terminal parts, a sepa-
rate comparison was carried out for the first 45 VfLOXI1
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amino acids. This sequence part aligned best with the Lens
culinaris LOX1 (59.2% identity; Hilbers et al. 1994) and with
the Glycine max LOX4 (60.9% identity; Kato et al. 1993),
both nonseed lipoxygenases reported to be vegetative LOX
isoforms.

In the VLOX1 amino acid sequence the putative iron li-
gands His-518, His-523, His-709, and Ile-858 are conserved
(shaded boxes in Fig. 1) as are these residues, which are
highly conserved in the “histidine-rich” region of most plant
and animal lipoxygenases (Nelson and Seitz 1994; open boxes
in Fig. 1). Sequence analysis according to von Heijne (1986)
did not indicate that VLOX1 contained a signal or transit
peptide sequence (data not shown).

To characterize the expression of this gene, total RNA sam-
ples isolated from several broad bean tissues were analyzed by
Northern hybridizations. Since hybridization signals turned
out to be weak, 30 pug of total RNA was used to obtain signals
after 14 days of exposure. The expression pattern obtained is
shown in Figure 2. The amount of hybridizing transcripts of
2.9 kb was clearly higher in nodules than in roots or in any
other tissue. Additionally, VILOX1 was expressed strongly in
epicotyls and to a much lower extent in stems and flowers. In
time course hybridizations a significant increase of VLOX1
transcripts during 32 days after inoculation in infected roots
was not observed, probably because of the expression of the
corresponding gene in roots.

As a step towards the identification of possible functions of
VILOX1 in the legume-Rhizobium interaction, the distribution
of VfLOX1 transcripts in broad bean root nodules was deter-
mined by tissue-print hybridizations (Schrider et al., in press).
Longitudinal sections of mature nodules were printed onto
nylon membranes and hybridized to VfLOX1 sense and an-
tisense probes. The localization of VfLOX1 transcripts in the
nodules is shown in Figure 3. Hybridization signals occured
exclusively with the antisense probe (data not shown) and
were clearly visible as a narrow ring in the nodule periphery
and around the root stele (Fig. 3A). Compared to the tissue
section used for printing (Fig. 3B), which was stained for
starch by iodine to visualize the interzone II/III (Vasse et al.
1990), VILOX1 transcripts were located outside the infected
nodule tissues in the parenchyma. In this peripheral nodule
tissue VIENOD?2 transcripts and other broad bean transcripts
specifying proline-rich nodule proteins were localized in ad-
dition to VFLOX1 transcripts (G. Schroder, Universitit Biele-



feld, Germany, unpublished data). In contrast to ENOD2 tran- nodules. In contrast to this report we were not able to demon-

scripts (van de Wiel et al. 1990), VfLOX1 hybridization sig- strate VfLOX1 transcripts in cells associated with vascular
nals form a ring closed above the meristem in a number of bundles or in the prefixation zone II. This is probably due to
independent tissue-print hybridizations. Furthermore, signals the limited local resolution of the tissue-print technique. On
were most intense in the nodule tissue above the meristem. the other hand our results clearly demonstrate that VfLOX1
Recently, Gardner et al. (1996) reported a similar distribution transcripts do not occur in the prefixation zone II in a concen-
of LOX proteins and transcripts in the outer cortex of pea tration comparable to the results obtained for pea.
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Fig. 1. Nucleotide sequence of a full-length VLOX1 ¢DNA and deduced amino acid sequence of the VFLOX1 protein. The EcoRV fragment used as a
hybridization probe is underlined. In the amino acid sequence, the putative iron ligands and the residues conserved in the ‘histidine-rich’ region of most

lipoxygenases (Nelson and Seitz 1994) are emphasized by shaded and open boxes, respectively. The in-frame termination codon preceding the start
codon is indicated by an asterisk.
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Lipoxygenases (lineolate:oxygen oxidoreductase, EC
1.13.11.12) are nonheme iron proteins which catalyze the di-
oxygenation of polyunsaturated fatty acids containing a 1,4-
(Z,Z) pentadienyl unit. Albeit the distribution of LOX in a
wide range of tissues in a large number of plants the function
of LOX is still obscure. These enzymes might be involved in
plant growth, development, and senescence, in the response to
pathogens and wounding (Siedow 1991) and could function as
vegetative storage proteins (Kato et al. 1993). LOX genes
have been demonstrated to be active in developing tissues
(Siedow 1991) where they could be involved in the generation
of growth regulators (Vick and Zimmerman 1984; Creelman
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Fig. 2. Expression analysis of VfLOX1 in broad bean tissues. For
Northern blot analysis 30 pg of total RNA extracted from nodules (32
days after sowing), uninfected roots (32 days after sowing), leaves (32
days after sowing), seeds (90 days after sowing), epicotyls (8 days after
sowing), stems (12 days after sowing), and flowers (60 days after sow-
ing) were blotted and hybridized as described against the VFLOX1 probe
number 87-5 covering the coding region from position 1321 to 2576
(Perlick and Piihler 1993). The size of hybridizing transcripts was cal-
culated using RNA distance markers.

Fig. 3. Localization of VfLOXI1 transcripts in broad bean nodules. A,
Tissue-print hybridization of a longitudinal broad bean nodule section
using a digoxigenin-labeled VfLOXI1 antisense riboprobe derived from
clone number 87-5. B, Nodule section used for tissue-print hybridization
after staining with Lugol’s solution containing iodine to visualize starch
accumulated in the interzone IVIIL For a detailed description of the tis-
sue-print technique see Schréider et al. (unpublished). Bar: 500 pum.
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et al. 1992). This probably accounts for the VLOX expres-
sion in broad bean epicotyls, but if VILOX1 would be in-
volved in the development of the broad bean root nodule, a
location in the meristem or in the prefixing zone II had been
expected. Since hybridization signals were most prominent in
the nodule apex adjacent to the meristem, the broad bean nod-
ule lipoxygenase could be involved in the development of this
organ. On the other hand, lipoxygenases are involved in se-
nescence phenomena (Siedow 1991). In this case VfLOXI1
should be expressed in the senescence zone IV. Due to the ex-
clusive location of VfLOX transcripts in the non-symbiotic
nodule parenchyma tissue, VfLOX1 might participate in the
nodule defense against pathogens from outside the plant. This
hypothesis is supported by the detection of other proteins in
nodule cortex and parenchyma tissues, which could be in-
volved in plant defense mechanisms, e.g., chitinases
(Staehelin et al. 1992), extensins, and other proline-rich broad
bean proteins (G. Schréder, Universitiit Bielefeld, Germany,
unpublished results). Alternatively, VILOX1 could encode a
vegetative storage protein like the G. max LOX4 (Kato et al.
1993). In this case it might be induced by the high level of
fixed nitrogen in this plant tissue, but should consequently be
expressed in the nitrogen fixing zone III instead of the nodule
parenchyma. At the moment we cannot exclude that the hy-
bridization probe number 87-5 covering part of the VfLOX1
coding region hybridized with the transcripts of several LOX
genes which may differ in their distribution in broad bean tis-
sues. Further experiments have to be carried out to analyze the
specific function of VfLOX1 during root nodule development.
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