UC Davis

The Proceedings of the International Plant Nutrition
Colloquium XVI

Title

Arabidopsis Adapts to Copper Deficient Conditions via SPL7, a Master Regulator for
Copper Homeostasis

Permalink
https://escholarship.org/uc/item/9wb3n7b7

Authors

Yamasaki, Hiroaki
Shikanai, Toshiharu

Publication Date
2009-03-13

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/9wb3n7b7
https://escholarship.org
http://www.cdlib.org/

INTRODUCTION

Plants use copper as a cofactor for a wide variety of physiological processes (Pilon et al
2006). The most abundant copper protein in higher plants is plastocyanin (PC), which
localizes the thylakoid lumen of chloroplasts and is involved in the photosynthetic
electron transport (Weigel et al 2003). Copper/zinc superoxide dismutase (Cu/Zn SOD),
which is involved in the scavenging of reactive oxygen species, is another major copper
protein, and localizes the cytoplasm (CSD1), stroma of chloroplasts (CSD2), and also
peroxisomes (CSD3) in Arabidopsis (Bowler et al 1994). Despite its significance,
copper is insolubilized in alkaline soil. To adapt to copper deficient environment, higher
plants have some strict strategies to copper deficiency. In copper deficient conditions,
higher plants down-regulate the accumulation of CSD1 and CSD2, and their function is
compensated by iron superoxide disumutase (FeSOD) specifically expressed in low
copper conditions (Abdel-Ghany et al 2005). Previously we demonstrated that an
microRNA, miR398, was expressed only in copper deficient conditions and was
involved in this down-regulation by directing the degradation of CSDI and CSD2
mRNA (Yamasaki et al 2007). Therefore, limited copper is preferentially transported to
PC in copper deficient conditions in Arabidopsis.

The molecular mechanism of the adaptation for copper deficiency is well understood
in green alga, Chlamydomonas (Merchant et al 2006). In Chlamydomonas, the function
of PC is replaced by heme-containing protein, cytochrome c¢ in low copper conditions
(Merchant et al 1991). This switching is mediated by a single transcription factor, Crrl
(Kropat et al 2005). Here we present evidence that SPL7, an analogous to Crrl, is a
transcription activator for miR398 and also for several genes involved in copper
homeostasis. We propose that SPL7 is a master regulator involved in copper

homeostasis in Arabidopsis.

RESULTS AND DISCUSSION

In Arabidopsis, stability of CSDI and CSD2 mRNAs is down-regulated via miR398 in
copper deficient conditions (Yamasaki et al 2007). To study the molecular mechanism
of underlying the copper-dependent transcriptional regulation of miR398, we focused on
its promoter. Since miR398¢ promoter had 8 GTAC motifs which is an essential motif
to respond to copper deficiency in Chlamydomonas and is recognized by a transcription
factor, Crrl (Quinn et al 2000; Kropat et al 2005), it was expected that Crr1-like protein

might be involved in the regulation of miR398 in Arabidopsis. Crrl was closely related



to SPL (SQUAMOSA promoter-binding protein-like) family and showed the highest
similarity to SPL7 in Arabidopsis. To test the possibility that SPL7 is involved in the
regulation of miR398, we examined the T-DNA insertion mutant of SPL7 (Figure 1A).
Although miR398 level was up-regulated in low copper conditions in wild-type, the
regulation was not observed in sp/7 and CSDI and CSD2 mRNA was stable even in
copper deficient conditions, suggesting that SPL7 is a transcription activator for miR398.
Actually the DNA binding domain of SPL7 was directly bound to the GTAC motif
located in the promoter region of miR398 in vitro (Yamasaki et al 2009).

In addition to miR398, the regulation of several genes which is induced in response to
copper deficiency was disturbed in spl7 (Figure 1A). FeSOD, FSDI, was induced in
copper deficient conditions in wild-type but not in spl7, suggesting that SPL7 is also a
transcription activator for FSD1 (Figure 1A). These results indicate that the
copper-dependent switching of SOD between Cu/Zn SOD and FeSOD is mediated by
single transcription factor, SPL7, in Arabidopsis. The up-regulation of some genes
involved in the transport of copper across the membrane, COPTI, COPT2, ZIP2 and
FRO3, was also disturbed in spl7 (Figure 1A). These results indicate that SPL7 is
involved in the appropriate copper distribution in low copper conditions. Previously it
was reported that three more microRNAs, miR397, miR408 and miR857 targeted some
member of laccase family and plantacyanin which contains copper, were up-regulated
in response to copper deficiency (Abdel-Ghany and Pilon 2008). These microRNAs
were not up-regulated in spl7 (Figure 1A), indicating that SPL7 is also a transcription
activator for these microRNAs and is involved in the degradation of copper protein to
transfer limited copper to the other essential copper protein like PC in copper deficient
conditions. Additionally, many genes were predicted as a target of SPL7 by microarray
analysis (Yamasaki et al 2009).

In copper deficient conditions, spl7 showed severe growth impairment (Figure 1B).
This drastic phenotype, however, was recovered by addition of copper to the medium,
indicating that the response to copper deficiency via SPL7 is physiologically significant.
Taken all results together, we conclude that SPL7 is a master regulator for copper

homeostasis in Arabidopsis.
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Figure 1. (A) RT-PCR analysis of genes responding to copper deficiency. The plants
were grown for 3 weeks on MS agar medium containing 0.1 or 5 uM CuSOs. (B)
Growth phenotypes of the wild type, spl7, and SPL7 complement lines (SPL7comp)

grown for 3 weeks on MS agar medium containing 0.1 or 5 uM CuSO,. Bar =10 mm.
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