PLANT SCIENCE

Multikingdom diffusion barrier control

Plant microbiomes modulate selective nutrient uptake by regulating diffusion barriers

By Wolfgang Busch! and Joanne Chory*?

espite their differences in evolution-

ary history, both plants and animals

have evolved specialized barrier

systems to control their interaction

with the external world. Such barri-

ers are crucial for selective nutrient
uptake. In the animal gut, epithelial cells
that are firmly connected by tight junc-
tions play a key role. In plants, nutrient up-
take occurs in the root, where a cell layer
called the endodermis plays a similar role
to the gut epithelium. The diffusion bar-
riers around the endodermis separate the
inside of the plant from the outside and
allow the endodermal cells to determine
which nutrients are taken up. As in the
animal gut, the root microbiome is influen-
tial for nutrient uptake. On page
143 of this issue, Salas-Gonzalez
et al. (I) reveal an interplay of
the developing endodermis and
microbes that is tightly related
to a plant’s ability to take up nu-
trients efficiently.

Land plants acquire their nutrients and
water from the soil through their root sys-
tem. To allow for selective nutrient uptake,
barriers have evolved that inhibit pas-
sive diffusion through the cell walls. The
key diffusion barriers for nutrient uptake
are formed around the endodermis and
consist of impregnating layers of hydro-
phobic polymers. One of these layers, the
Casparian strip, is made of lignin, which
is a cross-linked polymer deposited in the
cell walls of the endodermis. It gives rise
to a ring that encompasses the endodermal
cell layer and seals the cell wall space (2).
The other diffusion barrier is the lipophilic
polyester polymer suberin, which is depos-
ited at the inner surface of the cell walls
and effectively covers the entire surface of
the endodermal cells (3). Together, these
layers seal the outside of the root from
the inside, thereby forcing any nutrient
to pass by cellular uptake and subjecting
them to homeostatic mechanisms, thus en-
abling the plant to have control over the
nutrients it takes up. Thus, the endoder-
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mis has a function similar to that of the
gut epithelium in animals, but the barrier
function is conferred by lignin and suberin
layers as opposed to tight junctions in the
gut epithelia.

The diffusion barriers at the endodermis
can be modulated by nutrient concentra-
tions (4). For instance, there is increased
deposition of suberin in response to high-
salt conditions. Conversely, nutrient-defi-
cient conditions for several minerals, such
as iron or zinc, lead to reduced suberin
deposition. This is reminiscent of nutrient-
dependent modulation of the permeability
of endothelial barrier function in the ani-
mal gut. For instance, glutamine increases
intestinal barrier function, (5) whereas di-
etary fats can decrease barrier function (6).

Now, the discovery of Salas-Gonzalez et

“..the dynamic relations of barriers in plant

and animal systems seem to share

a number of fundamental properties.”

al. adds another layer of regulation of the
diffusion barriers in plant roots and illu-
minates the pathways underpinning this
regulation. They show that particular bac-
terial strains within the root microbiome
have the capacity to change the composi-
tion and function of the endodermal diffu-
sion barriers through the repression of the
abscisic acid hormone signaling pathway,
which is a main player in the response of
plants to environmental stresses. This
modulation can improve plant health in
stressful conditions. Again, this finding is
reminiscent of mechanisms in animal guts,
even though the molecular mechanisms
underpinning it are mostly unknown. In
animal guts, microbes have been shown to
regulate the barrier function of the epithe-
lium, which is accompanied by stress-pro-
tective effects (7). Therefore, the dynamic
relations of barriers in plant and animal
systems seem to share a number of funda-
mental properties.

Studying host-nutrient-microbiome inter-
actions using experimental perturba-
tions requires a large number of experi-
ments, because the matrix of experimen-
tal conditions grows large very quickly.
The Arabidopsis system used by Salas-
Gonzalez et al. offers a number of specific
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advantages. Arabidopsis is a self-fertilizing
species, thereby giving rise to multiple
isogenic progeny that can be used to sys-
tematically study the causes and mecha-
nisms of the interplay of host genotypes,
nutrition, and microbial effects on diffu-
sion barriers and their consequences on
organismal health. Moreover, a large ar-
ray of mutants is available, including mu-
tants that are defective in the formation of
the diffusion barriers or that are involved
in plant-microbe interactions or nutri-
ent sensing and homeostasis. Use of such
mutants could reveal whether specific
microbe-derived molecules or metabolites,
or combinations of molecular signals and
nutrient concentrations, trigger the impact
on barrier formation.

The work by Salas-Gonzales et al. has
revealed an important facet of
the complex interplay of selec-
tive nutrient uptake, nutrients,
and microbes. In addition to
the fundamental principles that
such studies in this area can
provide, there are agricultural
prospects, too. Plant nutrition is highly rel-
evant to our need to feed a growing global
population by developing crops with high
nutritional value. The latter is a particular
challenge, because nutrient deficiencies
still affect a notable fraction of the global
human population (e.g., iron deficiency)
and carbon fertilization by the increasing
carbon dioxide concentrations in the atmo-
sphere is projected to lead to a reduction
of key nutrients in food crops (8). Tailoring
root microbiomes to fine-tune nutrient
uptake for maximizing yield and plant nu-
tritional quality might provide an opportu-
nity to address these issues in a way that is
faster to roll out and that might require less
effort than engineering crop genetics.

REFERENCES AND NOTES

1. I.Salas-Gonzélezetal., Science 371, eabd0695 (2021).

2. S.Naseeretal.,Proc. Natl. Acad. Sci. U.S.A.109,10101
(2012).

3. J.Zeier,A. Goll, M. Yokoyama, |. Karahara, L. Schreiber,
Plant Cell Environ. 22,271 (1999).

4. M.Barberonetal., Cell164, 447 (2016).

5. B.Wangetal.,AminoAcids 47,2143 (2015).

6. M.W.Rohr, C.A.Narasimhulu, T.A. Rudeski-Rohr, S.
Parthasarathy, Adv. Nutr.11,77 (2020).

7. P.A.Bron, P.van Baarlen, M. Kleerebezem, Nat. Rev.
Microbiol. 10,66 (2011).

8. R.H.Beachetal.,Lancet Planet. Health 3,e307 (2019).

10.1126/science.abf5591

8 JANUARY 2021 » VOL 371 ISSUE 6525 125

1202 ‘.2 Arenuer uo /610’ BewadusIds aoualds//:dny Woiy papeojumod


http://science.sciencemag.org/

Science

Multikingdom diffusion barrier control
Wolfgang Busch and Joanne Chory

Science 371 (6525), 125.
DOI: 10.1126/science.abf5591

ARTICLE TOOLS http://science.sciencemag.org/content/371/6525/125

RELATED JIsci i i

SONTENT http://science.sciencemag.org/content/sci/371/6525/eabd0695.full
REFERENCES This article cites 8 articles, 1 of which you can access for free

http://science.sciencemag.org/content/371/6525/125#BIBL

PERMISSIONS http://www.sciencemag.org/help/reprints-and-permissions

Use of this article is subject to the Terms of Service

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published by the American Association for the Advancement of
Science, 1200 New York Avenue NW, Washington, DC 20005. The title Science is a registered trademark of AAAS.

Copyright © 2021, American Association for the Advancement of Science

T20Z ‘. Arenuer uo /B10°BewaousIos aousIds//:dny Wol) papeojumod


http://science.sciencemag.org/content/371/6525/125
http://science.sciencemag.org/content/sci/371/6525/eabd0695.full
http://science.sciencemag.org/content/371/6525/125#BIBL
http://www.sciencemag.org/help/reprints-and-permissions
http://www.sciencemag.org/about/terms-service
http://science.sciencemag.org/

