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Lathyrus sativus is popular among farmers due to its
ease of cultivation and high climatic adaptability.
However, full potential of this crop has not been
realized due to the presence of a toxin, B-N-oxalyl-L-
o B-diaminopropionic acid (ODAP) which causes a
paralytic disorder known as neurolathyrism in humans.
Conventional breeding and selection methods have
falled to produce varieties free of the neurotoxin.
Research utilizing recombinant DNA technology and
tissue culture has been initiated in the recent years to
produce Lathyrus sativus plants free of neurotoxin. The
progress in this area of research includes isolation and
characterization of QDAP-degrading gene from pure
cultures of bacteria. It offers the scope for introducing
this gene into L. sativus by Agrobacterium-mediated
transformation. As part of the second approach,
oxalyl-CoA (coenzyme A) synthetase, which is a key
enzyme in the biosynthesis of ODAP, has been
purified and monoclonal antibodies raised against it.
This can be used to construct antisense gene of this
enzyme for introducing into L. sativus. Somaclones
having very low toxin contents have also been
developed. All these results show the potential of
producing neurotoxin-free L. sativus plants in the
near future.
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LAathyrus sativus L., commonly called the chickling
vetch, i1s an exceptionally hardy, protein-rich (28-40%)
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legume crop cultivated in many parts of the world. It
1s popular among the farmers due to its ease of cultivation
and high climatic adaptability that permits growth even
under such extreme conditions as drought or water
logging. All these factors make L. sativus a potentially
valuable food crop for arid regions ot the world. In
India, 1t occupies nearly 5,000,000 acres under cultiva-
tion, which 1s 4% of the total area under pulse crops
and constitutes 3% of the total pulse production. Madhya
Pradesh produces more than 50% of the total produce
in the country'. Besides, it is also cultivated in eastern
Uttar Pradesh, Maharashtra, Bihar, West Bengal and
Assam. However, the full potential of L. sativus has
not been realized since prolonged or excessive consump-
tion of this pulse leads to a paralytic disorder known
as neurolathyrism or human lathyrism®, caused by a
neurotoxin. The disease has been documented in a
number of countries in Europe, Africa and Asia.
Human lathyrism continues to be a public health
problem in parts of Bangladesh, China, Ethiopia and
India.

The present article reviews the biochemical nature
and the mode of action of Lathyrus neurotoxin, ifs
occurrence and synthesis in different plant parts and
the methods for removal of the toxin. Finally, the use
of recombinant DNA technology and tissue culture
methods in producing the neurotoxin-free L. sativus
plants has been highlighted.
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Nature of the neurotoxin

Various attempts have been made to identify the causative
agent of human lathyrism. The presence of certain
phenolic compounds®, an excessive quantity of man-
ganese in the seed®, a water-soluble toxic amine’, an
excess amount of selenium, which interferes with
methionine metabolism®, have been attributed by different
workers as causative factors for lathyrism. Subsequently,
a toxic amino acid, B-N-oxalylamino-L-alanine (BOAA),
was discovered in L. sativus seeds”®. Later it was
demonstrated that BOAA ([} isomer) exists naturally in
an isomeric form with the o isomer in 95:5 ratio’.
The neurotoxic effect of BOAA has been demonstrated
in mice'’, chicks'' and rhesus monkeys'?.

Three different names have been suggested for the
neurotoxin of L. sativus”. These are B-N-oxalylamino-
L-alanine (BOAA), [-N-oxalyl-L-o,B-diaminopropionic
acid (Ox-dapro or ODAP) and L-3-oxalylamino-2-amino-
propionic acid (OAP).

Mode of action of the neurotoxin

Consumption of L. sativus for a period of 3—-6 months
afflicts the nervous system characterized by weakness,
spasticity of leg muscles and subsequent development
of lower limb paralysis (Figure 1). Continued ingestion
of the seed meal can result in convulsions and finally
death in extreme cases’. The onset of the disease is
often sudden and the affected person feels difficulty in
walking. The disease affects mostly young people be-
tween 20 and 29 years of age'.

What are the mechanisms underlying the neurotoxicity
of ODAP? It has been suggested that ODAP may mimic
the action of putative excitatory neurotransmitters such

Figure 1. A man afflicted by neurolathyrism,
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as glutamic acid and aspartic acid either by directly
overstimulating the sensitive nerve cells or by inter-
fering with reuptake mechanisms that normally terminate
neurotransmitter action'®*'. Extracellular ODAP may thus
cause an influx of sodium and chloride into the nerve
cells and a progressive retention of water that culminates
in massive intracellular oedema and neuronal degenera-
tion.

In another study, it was observed that ODAP undergoes
transamination to produce a keto acid, B-N-oxalyl-L-
keto-B-aminopyruvate, which inhibits the growth of
several microorganisms''. Further, it was shown that
ODAP interferes with ammonia metabolism and leads
to chronic ammonia toxicity" .

Appearance of neurological symptoms only in young
animals and not in adults'® has been explained by a
hypothesis which suggests the existence of a blood-brain
barrier to this toxin in adults” and its absence in young
animals®. Studies on the effect of ODAP on glutamate
metabolism revealed it as a stereospecific glutamate
receptor agonist’'. These investigations established that
the amino group of ODAP is involved in causing
neurotoxin symptoms.

Occurrence and biosynthesis of the neurotoxin

The content of neurotoxin varies considerably among
L. sativus genotypes, ranging from 0.1 to 2.5% by
weight of tissues’. Neurotoxin levels also vary in dif-
ferent parts of the plant, with seeds being the greatest
site of accumulation®. Fluctuations in ODAP concentra-
tion have been reported to occur throughout development,
with maximum concentration in leaves during vegetative
growth and in seed embryos during germination™. Foliar
spray of micronutrients, especially cobalt and molyb-
denum has been shown to decrease the neurotoxin
content of the plants®.

A terminal two-step process has been shown to be
involved in the synthesis of ODAP®. This involves
oxalyl activation, followed by the condensation of oxalyl-
CoA with L-o,B-diaminopropionic acid. The first reaction
is catalysed by oxalyl-CoA synthetase and the second
by oxalyl-DAP synthase as shown below:

(a) Oxalate + ATP + Coenzyme A = Oxalyl-CoA
+ AMP + PPi

(b) Oxalyl-CoA + L-0,B-diaminopropionic acid =
ODAP + Coenzyme A

The first enzyme, oxalyl-CoA synthetase, has been
purified from three-day-old seedlings of L. sativus using
affinity chromatography and electroelution”. The enzyme
has been shown to exist in three forms with molecular
weights 63.1, 39.3 and 17.7 ADa. The second enzyme,
ODAP synthase, is yet to be isolated to homogeneity
and characterized. These two enzyme activities have
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also been reported in other legume species buzt do not
accumulate a significant amount of neurotoxin™.

Removal of the neurotoxin

In spite of several efforts, human lathyrism continues
to be a public health hazard. Attempts have been made

to develop practical methods to detoxify L. sativus seeds
for its safe use’®. These include soaking the dehusked

seeds overnight and then rejecting the extract. Seed
roasting at 140°C for 15-20 min and parboiling have
also been advocated. The utility of such domestic pro-
cedures could not be adopted on a large scale because
of practical difficulties.

As an altermative approach, considerable emphasis has
been placed on the identification of low ODAP content
varieties over the last several decades’”. Analysis of
a large collection of L. sativus seeds revealed’ wide
variation in the amount of ODAP, ranging from 0.1 to
2.5%. Conventional breeding and selection methods have
resulted 1n the production of a few varieties with low
neurotoxin content. However, these varieties do not have
either good yield or contain other compounds such as
a,B-diaminobutyric acid’’, y-cyanoalanine™, which are
lathyrogenic. In these varieties, a negative correlation
has also been observed between the crude protein content
and ODAP levels®. To date, no variety has been
developed that lacks neurotoxin. The development of L.
sativus cultivar devoid of neurotoxin is, therefore, still
an important requirement for a fuller exploitation of the
potential of this crop. To accomplish™ this goal, three
well-established biotechnology approaches are being
undertaken and significant achievements have already
been attained. These approaches are: (i) insertion and
expression of the enzyme that degrades the neurotoxin;
(1) antisense RNA technology; and (iii) somaclonal

vartations.

Insertion and expression of the neurotoxin-
degrading enzyme

Many bacterial genes for xenobiotic degradation have
originated from strains isolated from contaminated waste
sites and are often found on plasmids™. Isolation of
such strains is essential since laboratory selection can
speed up this process and provide control unavailable
under natural conditions. Further, biodegradation in the
soll may be limited if a complex mixture of xenobiotics
is present or the pathway is blocked by inhibitors™.
Such difficulties can be overcome by cloning of genes
for modified enzymes that have useful catabolic proper-
ties such as relaxed substrate specificities or enhanced
induction capabilities. Alternatively, genetic tools can
be used to develop specific catabolic pathways for
degradation of toxic substances by bacteria that can
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function under a wide range of environmental conditions.

Exploring these possibilities for degradation of ODAP,
pure cultures of bacteria have been isolated from soil-
sludge filtrates™ (Table 1). One of the isolates having
highest competency for ODAP degradation has been
identified as Enterobacter cloacae®. It has also been
demonstrated that genetic information for ODAP degrada-
tion 1s contained on a plasmid (PBYA1) approximately
40-50 kb in size (Figure 2). Further, cloning of various
restriction fragments by different enzymes showed
localization of ODAP-degrading sequences on 3.0 kb
Notl fragment contained in a 9.7 kb EcoR1 fragment™.

Table 1. ODAP utilization by sludge-derived cultures

Time after

inoculation® ODAPP ODAP®

(h) Ao (mg/mb) Ay (ug/mb)
0 0.00 200.0 000  400.00
G 0.01 177.8 0.06 356 00
8 0.02 75.7 — —

12 0.08 2.5 017 Nil

16 0.08 Nil 0.18 Nil

24 0.09 Nil 0.18 Nil

"Observations were recorded from cultures during the
ninth cycle of growth on MF media containing initial
concentrations of neurotoxin ODAP indicated at 0 h.
YODAP concentration remained in the media.

— MF medium contained per htre 0.05g K, HPO,,
0.1 g MgsS0O,, 0.01 g FeSO,.

After ref. 35.

Figure 2. An overlapping restriction map of the ODAP-degrading
plasmid pBYA! with respect to the restriction enzymes Notl, Kpnl,
Pstl and Hindlll.
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Table 2. Purification of oxalyl-CoA synthetase (OCS) from Lathyrus sativus

secdlings
Total Total Total Specific
volume activity protein activity  Punfication
Preparation (ml) (units) (mg) (units) fold
OCS-1 3.0 6.15 0.30 20.50 48 8
OCS-2 20 6.30 0.40 15.75 37.5
OCS-3 20 6.10 0.56 10.89 259
Crude extract 4.8 31.20 73.60 0.42 —

The enzyme was purified using affinity chromatography and electroelution.
1 Unit = change of 0.1 in absorbance at 540 nm.

After ref. 26.

A partial Sau3A library of the plasmid pBYALl in the
expression vector pUCI18 and its screening has shown
a 1.8 kb fragment responsible for ODAP degradation™.
With these findings, it should be possible to introduce
and express this gene in L. sativus so that the neurotoxin
1S degraded in vivo.

Antisense RNA technology

This technique is based on blocking the information
flow from DNA via RNA to protein, by introducing an
RNA strand complementary to (part of) the sequences
of target mRNA. Subsequently, the duplex is either
degraded or the mRNA is impaired in nuclear processing
or it is blocked for translation’’. The first report on
artificial antisense regulation of gene expression in plants
came from Ecker and Davis™", who described the effective
transient inhibition of CAT activity in carrot cell cultures.

In pursuvance of this, oxalyl-CoA synthetase (OCS),
a key enzyme in the biosynthesis of ODAP”, has been
purified from L. sativus seedlings using affinity chro-
matography and electroelution (Table 2). The enzyme
exists in three forms designated as OCS-1, OCS-2 and
OCS-3 of molecular weights 63.1, 39.3 and 17.7 kDa,
respectively. Monoclonal antibodies raised against this
enzyme™ can be used for screening of C-DNA library
of the enzyme OCS in expression vectors. Use of
antiserum for isolation of the desired genes has been
reported by many workers”. Antisense OCS gene can
be constructed from OCS C-DNA and introduced in L.
sativus, which would inhibit the biosynthesis of the
neurotoxin,

Somaclonal variation

Somaclonal variation has been exploited by various
workers for crop improvement. Several varicties showing
resistance to pathogens and herbicides have been
developed in a number of crops such as sugarcanc®,
potato®' and tomato’?. Somaclonal variation may, there-
fore, be exploited to reduce the toxin content in Lathyrus.
Following this approach, protocols have been developed
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Table 3. Vanation in sced weight and ODAP
content 1n leaf and seed of in vitro regenerated
planis from intermnode explant

100-seed wi. ODAP (%)

Pedigree (® Leaf Seed
1-01 10.1 0.206 0.289
1-02 72 0.460 0.445
1-03 6.0 0.133 0.305
1-04 438 0.445 0.484
§-05 90 0.015 0.086
1-06 920 0.031 0.062
1-07 33 0.129 0.250
1-08 50 0016 0.031
1-10 1.7 0.308 0.469
1-11 6.5 0.164 0.398
1-12 73 0.234 0.539
1-13 58 0.016 0.062
1-14 6.5 0.062 0.101
1-15 7.4 0.125 0.539
1-16 17 0.156 0219
1-17 68 0.156 0.266
1-18 10.0 0.034 0.086
1-19 6.8 1.109 0.258
1-20 6.5 0.087 0312
1-21 9.1 0.156 0.351
1-22 8.0 0.021 0.055
1-23 7.8 0.187 0383
1-24 19 0.203 0.453
1-27 32 0.150 0422
1-30 53 0.062 0.0594
P24 7.8 G.258 0.406
(parent)

After ref. 45.

for in vitro regeneration of Lathyrus from leaf” and
root explants* of this specics. Subsequently, somaclones
with low toxin contents have been developed® from
internode explants of L. sativus cv. P24. The toxin
contents varied from 0.015% to 0.46% in leaf and
0.030% to 0.539% in seed in R, gencration of these
somaclones, as compared to 0.258% in leaf and 0.406%
In seed for the parent P24 (Table 3). Mecan seed toxin
content in R, generation of some of the somaclones
varied from 0.039 to 0.057% .

Conclusion

Use of recombinant DNA technology and tissue culture
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mcthods otfer an opportunmity to produce neurotoxin-free
Latlnrus satnus plants. Three approaches are being
pursued to accomplish this goal: (i) transformation of
L. sativus plants with ODAP-degrading gene; (i1) 1ntro-
duction of antisense gene of oxalyl-CoA synthetase (a
key enzyme in the biosynthesis of ODAP) in L. sativus;
(iii) production of L. satrvus somaclones containing very
little or no neurotoxin. Considerable success has been
achieved through each of these approaches. These include
isolation and characterization of ODAP-degrading plas-
mid-borne gene from a pure culture of bacteria isolated
from soil-sludge filtrate. The enzyme oxalyl-CoA syn-
thetase has also been purified and monoclonal antibodies
raised against it. This can be utilized to construct
antisense gene of this enzyme. Therefore, now it should
be possible to introduce either ODAP-degrading gene,
antisense gene of oxalyl-CoA synthetase, or both, Into
L. sanivus by Agarobacterium-mediated transformation.
Such transgenic plants would be totally free of the
ncurotoxin. At the same time, somaclones of L. sativus
having very hlittie neurotoxin have also been developed.
But it is yet to be seen whether these plants maintain
this low level of neurotoxin in their successive genera-
tions. A caution 1s, however, added that removal of the
toxin may end up 1n having a crop which may not
have the advantage of being as sturdy as 1t is now.
Nevertheless, this apprehension should not come in the
way of the ongoing efforts to make this crop neurotoxin-
free.
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