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Plant Immunity May Benefit Human Medicine
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Abstract: Brachypodium distachyon, a model genomic organism, has also been studied metabolomically for its reactions
to specific stimuli such as fungal infection or proximity to other botanical organisms. Coincidentally, the metabolic output
in response to pathogenic fungi produces compounds (phospholipids) valuable in treating invasive fungal infections in
humans. This leads to general hypothesis that specific stressing of plants may produce compounds of value for the treat-
ment resulting from homologous or identical stressors, and so constitute a novel putative approach for pharmaceutical dis-
covery and development. Some specific examples and suggestions for future study are considered.

Brachypodium distachyon

Fig. (1). Image from USDA-NRCS PLANTS Database / Hitchcock,
A.S. (rev. A. Chase). 1950. Manual of the grasses of the United
States. USDA Misc. Publ. No. 200. Washington, DC.

The diminutive grass, Brachypodium distachyon (Fig. 1),
as its Greek name (Brachypodium = short foot) suggests, has
a small phenotypic footprint with a correspondingly small
genome of 300 Mb. Closely related to wheat, whose genome
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size is 16-700 Mb, Brachypodium has become a favored
model for understanding grass biology and its relevance for
improving the human food supply [1, 2].

Metabolomics combines bioinformatics and automated
analytical chemistry to reveal diversity beyond the genome,
transcriptome and proteome, specifically, to the totality of
numerous metabolites, the metabolome. In one case, infra-
red fingerprinting of the metabolic reactions of the mono-
cotyledon Brachypodium distachyon to physical proximity of
the dicotyledon Arabidopsis thaliana was characterized [3].
Then, exposure of Brachypodium to the pathogenic cereal
fungus, Magnaporthe grisea, the cause of rice blast disease,
an item of biological warfare and a terrorist threat, was
shown to produce a distinctive immunological response of
downregulating phosphatidyl glycerol phospholipids and
upregulating phosphatidic acid phospholipids, mediating
disease resistance [4] through immunological defense
mechanisms [5].

Curiously, these same phospholipids may both augment
and modulate anti-fungal drugs in treating invasive fungal
infection in humans. Thus, when the anti-fungal agent am-
photericin B is sequestered in phospholipid liposomes, it
produces less accompanying inflammation, potentially life-
saving when immunity is crippled following long-standing
corticosteroid usage [6]. And, empty liposomes consisting
entirely of phospholipids produce anti-fungal effect compa-
rable or even superior to amophotericin-B alone [7]!

Phospholipids may help prevent Alzheimer's or Parkin-
son's disease [8], function as antibiotics [9, 10], control pho-
tosynthesis of plants [11], and help treating respiratory dis-
tress syndromes [12] and autoimmune disorders [13]. Their
effects against fungi like Magnaporthe grisea may provide
Homo sapiens, as well as Brachypodium distachyon, a com-
petitive edge for survival.

The soil phytopathogen, Agrobacterium tumefaciens,
transforming plant cells to produce the tumor-like "crown
gall disease," also experimentally transforms normal human
cells to neoplastic ones [14]. So, could Agrobacterium tume-
faciens be employed to elicit anti-tumor chemicals by plants
that might also prove of value for human oncology?
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Oxidative tension in both plants and animals triggers
compensatory reactions. In animals, inflammation or angio-
genesis may be the result. Hydrogen peroxide, a source of
free radicals and instigator of oxidative tension, stimulates
melons to produce sugar [15]. Metabolomics could reveal
other compounds melons produce in response to hydrogen
peroxide besides sugar, and these might be relevant as ani-
mal antioxidants or signal response modifiers to otherwise
mollify or negate oxidative damage.

Sucrose loading in plants reveals the effects complemen-
tary to those of stress and copper on RNA and proteins [16].
Metabolomics could be expected to reveal additional detail
at the level of small molecule metabolites. Could copper
stress to a plant produce compounds valuable in the treat-
ment of Wilson's disease, a disorder of copper metabolism,
in humans? Did water excess to the plants produce factors
useful in treating mammalian diabetes insipidus? Could plant
salt-stress yield agents for human renal disease to correct
hypernatremia, hyponatremia or other mineral abnormali-
ties? Overcrowding of rodents in cages produces the corti-
costeroid neurological stress responses known as "experi-
mental neurosis." Could such psychoneurological abonor-
malities be ameliorated by compounds produced by plants as
immunological reactions to homologous conditions of
crowding?

In that plants and animals share numerous biochemical
pathways that have evolved from common mechanisms and
genetic roots, such questions deserve to be asked. Brachypo-
dium distachyon, celebrated by scientists worldwide as a
model genomic organism, may also prove itself as a model
for metabolomics. Short genes likely beget relatively small
metabolomes, and the absence of any marked drug effects
from this simple grass makes it ideal for use in experiments
to test teasing of plants to produce immunnologically cus-
tomized, secondary metabolites as putative therapy for spe-
cific and varied human medical problems.

The secondary metabolites that plants produce for their
own purposes have underlined herbal and nutritional treat-
ments for millenia. Many of these compounds, most notably
resveratrol, are recognized as "phytoalexins" and have been
and are the subject of ongoing "translational research" and
clinical investigations [17, 18]. New is the use of computing
power sufficient for revealing the complexity of the plant's
chemical signatures under particular environmental assaults.
With the derivative metabolomics, it may even now be pos-
sible to expose previously unappreciated inter-kingdom
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metabolic networks connecting the stress-specific immuno-
chemical output of plants to human biochemical byways for
containing disease and promoting health.
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