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IN BRIEF

CBS Domain Proteins Regulate Redox Homeostasis

Thioredoxins are small disulfide-containing
proteins that participate in redox regulation
in a wide variety of organisms. There are
several different plant thioredoxins, which
can act as antioxidants by activating en-
zymes that scavenge reactive oxygen
species, such as H,O.. They also regulate
a number of key enzymes in processes as
diverse as deoxyribonucleotide synthesis,
photosynthetic carbon fixation, and anther
dehiscense (Meyer et al., 2008).

Thioredoxins activate their target en-
zymes by reduction of Cys disulfides and,
in turn, must be kept in their reduced state
via interaction with reduced ferredoxin or
NADPH (Montrichard et al., 2009). However,
the master regulators that maintain redox
homeostasis in the cell remain largely un-
known. Yoo et al. (pages 3577-3594)
describe two Arabidopsis thaliana proteins,
CBSX1 and CBSX2, that activate thioredox-
in and in turn help to regulate H,O, levels in
the cell. These proteins contain the cysta-
thionine B-synthase (CBS) domain, which
contains a characteristic arrangement of
three B sheets and two « helices that binds
adenosine-containing ligands, such as
AMP, ATP, or NADPH, and helps to regulate
the enzymatic activity of adjacent domains
(Ignoul and Eggermont, 2005).

CBSX1 expression was strongest in
anthers (see figure) and a CBSX1—green

fluorescent protein fusion localized to the
chloroplast. In the chloroplast, CBSX1
interacted with four distinct thioredoxins,
as shown by yeast two-hybrid and in
vitro pull-down studies. The interaction of
CBSX1 and thioredoxin also occurred in
living plant cells, as shown by bimolecular
fluorescence complementation analysis in
tobacco (Nicotiana tabacum) leaves.

Based on these interactions, the authors
hypothesize that CBSX1 and CBX2 posi-
tively regulate thioredoxins, which then
reduce target proteins, such as peroxire-
doxin, which in turn reduce cellular H,O,
and regulate its level. They show that both
CBSX proteins increase the activity of all
four thioredoxins, in some cases more
effectively than the chemical reductant
DTT. Addition of AMP further increased
the activation of all four thioredoxins by
CBSX1 and CBSX2, but ADP and ATP did
not have this enhancing effect.

The authors also present a crystal
structure of CBSX2 and describe a posi-
tively charged ligand binding pocket
formed by Lys and Arg residues. This
pocket is similar to those in other CBS
domain proteins that contain adenosine-
related ligands. In CBSX1, this pocket
can accommodate AMP, but not the
bulkier ADP or ATP, consistent with
the above demonstration that CBSX1-

A ProCBSX1:B-glucuronidase fusion is strongly expressed in Arabidopsis anther tissues. Panels show
intact flowers (left), an anther cross section (middle), and a close-up of the endothecium (En) layer

enclosed in the red box (right).
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induced activation of thioredoxin was en-
hanced only by AMP.

35S5:CBSX1-overexpressing plants were
sterile, and although the pollen and stigmas
appeared normal, the anthers were in-
dehiscent. This indehiscence was due to
defective secondary wall thickening in the
endothecium, which resulted from deficient
deposition of lignin. This deficiency was
due to the overactivation of thioredoxins
leading to insufficient H,O, needed for
lignin polymerization.

To provide further physiological context,
the authors also analyze the expression of
known H,O.-regulated genes and thioredoxin-
regulated Calvin cycle genes. Finally, they
present a model describing how chlo-
roplast CBSX1, ferredoxin, thioredoxins,
adenosine-containing ligands, and target
enzymes interact to regulate H,O, levels
and help to maintain cellular redox homeo-
stasis and Calvin cycle activity.
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