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Abstract

Recent years, acid rain has become a major worldwide environmental issue. It
accelerates the acidification of soils, and then makes Aluminum dissolve into soil in
various ionic forms, toxic to plants. Now, Aluminum has been a major factor limiting
plant growth in acid soils worldwide.

Calcium plays a vital role in plant growth. Many studies show that Calcium can
ameliorate the Aluminum toxicity, but the mechanism is still unknown. Many
researches had concentrated on the displacement mechnism of Calcium and
Aluminum, as well as the physiological aspects, but in protein and molecular field it’s
almost blank. This experiment is aimed to get the comprehensive differently
expressed proteins to study the Calcium ameliorating mechanism in Arabidopsis
thaliana root under Aluminum stress using comparative protecomic methods. The main
results are shown as follows:

(1) As the Aluminum concentration increases, all the index: leaf area, chlorophyll
content, root length, dry weight of shoot and root decrease to some extent. These
results showed that Aluminum inhibited the growth of Arabidopsis seedling. As the
Calcium concentration increases, the Aluminum-induced toxicity is ameliorated. The
proper concentration of CaCl, is more than 5 mM.

(2) The roots stained with hematoxylin showed that Calcium could displace
Aluminum to bind with root cell.

(3) A total of 2500 spots were detected in four gels: CK, Ca, Al, Al+Ca, and then
after the following comparision: Al&CK, Al+Ca&Al, suppressed in Al+Ca compared
with Ca, 133 differently expressed spots were detected, 86 out of them (65%) were
identified. These 96 identified proteins were classified as 8 categories based on their
biochemical functions. A majority of these proteins were metabolism, energy and
transport, followed by cell rescue, transcription, protein synthesis, folding and
modification related proteins, a large portion was also represented by transduction and
cofactor .

(4) Metabolism and energy related proteins mainly included cinnamyl-alcohol
dehydrogenase, UDP-glucose pyrophosphorylase, beta-glucosidase, UDP-D- xylose

synthase2,5-methyltetrahydropteroyltriglutamate-homocysteine ~ S-methyltransferase

I



(ATMSI), glutamate-ammonia ligase, argininosuccinate lyase, fructose-bisphosphate
aldolase, phosphopyruvate hydratase, citrate synthase, similar to NADP-specific
isocitrate dehydrogenase, isocitrate dehydrogenase subunit 2 (IDH2), aconitase
C-terminal domain-containing protein, isocitrate dehydrogenase-like protein, malate
dehydrogenase, succinate dehydrogenase, ATP synthase subunit alpha, mitochondrial
F1 ATP synthase beta subunit; transport related proteins mainly included vacuolar
ATP synthase subunit A (VHA-A); transduction and cell rescue related proteins
mainly included TTL1, heat shock cognate protein 70-1 (HSP70), ethylene-insensitive
3 (EIN3), Glutathione S-Transferase 6, 19 (GST6, 19); transcription, translation,
modification and cofactor related proteins mainly included elongation factor
1B-gamma, leucine aminopeptidase 1, BIGYIN.

(5) Our comparative proteomic analysis of the function and volume change of
identified proteins revealed a preliminary Calcium ameliorating Aluminum stress
mechanism in Arabidopsis. First, Calcium regulated cell wall components, cellulose,
hemicellulose and lignin, related enzymes differently expressed, thus alleviates the
Al-induced plant growth inhibition; a large-scaled organic acid biosynthesis related
proteins involved in TCA, glycolysis, amino acid metabolism were identified,
suggesting that exudation of organic acid plays a vital role in ameliorating Aluminum
stress; it’s also possible that Calcium modulates the concentration of cytosolic free
Ca”" through glutamate-gated Ca channel and VHA-A; ABA and ethylene related
proteins were also identified, implying they may participate in the transduction

pathway of Ca alleviating Al stress.

Keywords: Aluminum stress; Comparative Proteomics; Calcium; Arabidopsis

thaliana root; Alleviation
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