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In eukaryotes, mRNA turnover and
translational  repression  represent
important regulatory steps in gene
expression. Curiously, when under cel-
lular stresses, factors involved in these
processes aggregate into cytoplasmic foci
known as Processing bodies (P-bodies)
and Stress Granules (SGs). In animals,
CCCH Tandem Zinc Finger (TZF) pro-
teins play important roles in mRNA decay
within P-bodies. TTP, a P-body local-
ized mammalian TZF, can bind to the
3'UTRs of mRNAs containing AU-rich
elements (AREs) and recruit and acti-
vate RNA decay machineries. In plants,
the function of CCCH TZF proteins is
still unclear. We previously showed that
A(TZF1, a member of the Arabidopsis
CCCH TZF protein family, could bind
both RNA and DNA in vitro, traffic
between the nucleus and cytoplasmic
foci, and co-localize with P-body markers
AGOI1, DCP2 and XRN4. In this report,
we show that the other 10 members of the
A(TZF gene family can similarly localize
in cytoplasmic foci. Together these 11
genes, though similar in TZF sequence
and sub-cellular localization, appear to
be differentially expressed in response to
developmental and environmental cues.
We propose that AtT'ZF1 and its gene
family members may each play distinct
roles at different developmental stages
and environmental conditions.

The precise control over gene expression
in eukaryotes is a multi-step regulatory
process. In addition to the control of tran-
script production, RNAs are subjected to
the regulation of RNA processing, quality
control, transport and turnover that ulti-
mately dictate the availability of transcript
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for translation.! Thus mRNAs exported to
the cytoplasm can be either translated or
subjected to translational repression caused
by various silencing mechanisms that can
dissociate mRNAs from active polysomes
and aggregate them into P-bodies (PBs).>?
In yeast and animals, RNA turnover
via nonsense mediated decay (NMD),
AU-rich element mediated decay (AMD),
and RNAIi can all take place in PBs.>*>
As suggested by their functions, animal
PBs are largely composed of mRNAs and
RNA decay machineries including: decap-
ping and deadenylation complexes, exonu-
cleases, RNA-induced silencing complexes
(RISCs) and various other RNA-binding
proteins.® Similarly, SGs are closely related
cytoplasmic bodies that can also form in
response to cellular stresses. Though com-
positionally and functionally linked, there
are distinct components that distinguish
PBs from SGs. Whereas PBs are primarily
composed of mRNA decay machineries,
SGs are enriched with stalled preinitiation
complexes and translation regulators.” Of
the PB and SG-localized proteins, CCCH
TZF proteins such as TTP and BRFI
can bind AU-rich elements (AREs) in the
3'UTR of mRNAs and recruit and acti-
vate RNA decay proteins.®'

CCCH TZF proteins are conserved in
multi-cellular eukaryotes and participate
in various cellular processes. For example,
C. elegans PIE-1 OMA-1 and OMA-2 are
involved in germline specification, and
they are associated with cytoplasmic RNPs
termed P-granules.!"? In the nucleus,
PIE1 acts as a transcriptional inhibi-
tor promoting germline development.
When shuttled to the cytoplasm, PIE-1
plays a genetically separable function by
enhancing maternal NOS2 RNA stability
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Figure I. Arabidopsis CCCH TZFs are localized in cytoplasmic foci that resemble P-bodies. GFP
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fusions of the AtTZF gene family, two other related TZF genes, Atlg66810 and Atlg68200, and a

human TZF (hTTP) were expressed in etiolated maize mesophyll protoplasts. All were C-terminal

GFP fusions unless otherwise noted. Scale bar: 10 um. AtTZFI-At2g25900, AtTZF2-At2g|9810,
AtTZF3-At4g29190, AtTZF4-Atlg03790, AtTZF5-At5g44260, AtTZF6-At5g07500, AtTZF7-
At2g41900, AtTZF8-At5g12850, AtTZF9-At5g58620, AtTZFI0-At2g40140, AtTZFI|-At3g55980,

hTTP-ZFP36.
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and translation. Although CCCH TZF
genes can also be found in green organ-
isms from algae to higher vascular plants,
the plant TZF motif is distinct from the
mammalian TZFs in the CCCH spac-
ing pattern. In Arabidopsis, SOMNUS
(A(TZF4) is involved in light dependent
seed germination, partly by regulating the
expression of ABA/GA anabolic/catabolic
genes.”” AtSZF1 and AtSZF2 (ATZF11
and A¢TZF10 respectively) both regulate
salt stress and confer salt resistance when
overexpressed.””  Besides  Arabidopsis,
rice and cotton CCCH TZF genes are
15,16 It iS
intriguing, however, none of the plant
CCCH TZEF proteins have been found in
either PBs or SGs.!310

Recently, we showed that A(TZF1
could localize in cytoplasmic foci, similar
to those described for CCCH TZF pro-
teins in animals and yeast.” We further
demonstrated that AtTZF1 could traf-
fic between the nucleus and cytoplasmic

also involved in stress responses.
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Figure 2. Temporal, spatial and stimulus-induced expression of AtTZF gene family and two close related TZF, Atlg66810 and Atlg68200. Shown are
heat-maps of meta-profile analyses using Genevestigator programs (www.genevestigator.com/gv/index.jsp). The level of gene expression is indicated by
the intensity of the blue color in the left panel. The level of stimulus-induced gene expression change is indicated by the brightness of the red (induc-
tion) and green (repression) color.
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foci, and could co-localize with both
P-body (DCP2, XRN4 and AGOI) and
SG markers (PABP) when localized in the
cytoplasm.” Although the 11 AcTZF genes
show high homologies within the TZF
and upstream 50 aa regions, it cannot be
assumed that all of them can be localized
in cytoplasmic foci. To determine the sub-
cellular localization patterns for the other
10 A(TZF genes, we used maize proto-
plast transient expression analyses.'"® Each
AfTZF-GFP fusion construct was individ-
ually expressed and then visualized under
a fluorescent microscope. All A(TZF gene
family members, including previously
characterized AtT'ZF 4, 10 and 11,'>
localized to cytoplasmic foci similar to
those of A(TZF1 and hTTP (Fig. 1). The
localization patterns of two other CCCH
TZF genes (Atlg66810 and Atlg68200),
not part of the A{TZF gene family, were
also found to be within cytoplasmic foci.
Though the size and number of foci
formed by overexpression varied between
each A(TZF gene, owing to the experi-
mental variations introduced by the DNA
and cell qualities, it is difficult to draw any
conclusions. However, as seen in Figure
1, AtTZF5, 7, 8, 9, 11 and Atlg66810 all
seemed to show a greater number of fine
cytoplasmic foci, as opposed to fewer but
larger foci of the other genes.

Compared to mammals, plants seem
to have unusually high number of CCCH
TZF genes. The Genevestigator meta-
profile analyses” revealed that despite
similarities in sequence and subcellular
localization patterns, the expression of
each of the A(TZF genes varies widely,
and is defined by developmental stages
(Fig. 2A). Furthermore, their expression
levels are affected by various cues, such
as hormones, nutrients and environ-
mental stresses (Fig. 2B). Interestingly,
some A(I'ZFs’ expression patterns cor-
relate with their reported functions.
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For example, AtTZF4 and A(TZF6,
which have been reported to regulate
germination, are preferentially expressed
in seeds and embryos. A(TZF10 and
A{TZFI11 are involved in salt stress, and
they are upregulated in the presence of
salt (Fig. 2B).1>!

The distinct gene expression patterns
and subtle differences in the morphol-
ogy of the cytoplasmic foci of the A(TZF
gene family members have raised many
questions regarding to the potential func-
tions of each gene. So far, only a handful
of the A(TZF gene family members have
been characterized, and they seem to play
distinct roles in plant development and
environmental responses. However, pre-
liminary observations in our laboratory
have revealed considerable phenotypic
similarities among A¢TZF genes when
ubiquitously expressed in transgenic
plants. Because AtTZF genes share high
sequence homologies in TZF region and
similar subcellular localization patterns,
our findings suggest that each A¢TZF
gene may have a similar molecular func-
tion—e.g., targeting various genes for
RNA stability control. We thus propose
that each A(TZF gene may function via a
similar mechanism but will play a distinct
role in response to various developmental
cues and environmental conditions.
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