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MATERIAL AND METHODS
Plant growth

Seeds of Arabidopsis thaliana Col0 were surface sterilized with ethanol and 5% bleach
and stratified for 48 h at 4 °C. Plants were grown under a 16h/8h (light/dark)  photoperiod with
150 μmol m-2s-1 of white light, a temperature of 22°C/18°C and, and relative humidity of
60%/70%. Sedlings were germinated on sterile 0.7% agar plates containing 1 mM KNO3, 0.5
mM Ca(NO3)2, 0.04 mM FeNaEDTA, 0.5 mM MgSO4, 0.625 mM KH2PO4, 2 mM NaCl, 1 mM
micronutrients and 1 % sucrose. After 2 weeks, seedlings were transferred to hydroponic culture
composed of the same media minus sucrose. Four-week-old leaf tissue (pooled from 3 plants)
was harvested at 4-h intervals over a 24 h cycle.

Quantitative PCR of VH+-ATPase transcripts
Total RNA extraction from shoots was performed by grinding the material, previously

frozen in liquid nitrogen, and using the TRIZOL reagent (Sigma, Poole, UK). To determine the
concentration and purity of the isolated RNA the absorbance was measured
spectrophotometrically at 260nm, 230nm and 280nm. 5 μg of total RNA was used as a template
for cDNA synthesis with a QuantiTect® Reverese Transcription Kit (Qiagen, Poole, UK) and
oligo(dT)-priming. The samples were used to perform quantitative real-time RT-PCR with a
DyNAmo™ SYBR®Green qPCR kit (Finnzymes, Thermo-Fischer, Finland). Sets of primers
directed against an approximately 300 bp long fragment were designed for the VH+-ATPase
subunits α2, α3, A and C [cf. Dettmer, et al. ( 2006)]. The ACT2 actin gene served as an internal
control of the cDNA concentration, with the primer pair ACT2 (At3g18780) designed according
to Gutierrez et al. ( 2008). UBQ10 (At4g05320) and TUB9 (At4g20890) were used as secondary
reference genes. The expression levels of the Arabidopsis VH+-ATPase subunits were evaluated



in 3 independent experiments and samples were duplicated in each experiment. Primers used
were (forward, reverse) for the ACT2 gene, 5’AATTACCCGATGGGCA3’ and
5’TCATACTCGGCCTTGGA3’; for the UBQ10 gene, 5’ATCACCCTTGAAGTGGA3’ and
5’GAAACCACCACGAAGAC3’; for the TUB9 gene, 5’AGTGTCCCTGAGCTAAC3’ and
5’AGTGGGAGCTATATCGC3’. Primers used for the VH+-ATPase subunits were (forward,
reverse) for the α2 subunit ,  5’GCTTCAGCCCATAGAAGTGC3’ and
5’GCCCCTAGTTGCACGAAATA3’; for the α3 subunit, 5’TTCCAACACCGCTTCTTACC3’
a n d  5 ’ G A A G G A A C G C G C T T A G T G T C 3 ’ ;  f o r  t h e  A  s u b u n i t ,
5'TCAGGTCCTGTTGTTGTTGC3' and 5'GGCCTCTGAATTCCATCAAA3'; and for the C
subunit, 5'GCTTTGTGGAAGGAGTTTCG3' and 5'CAGCAACAGAACCTTGAGA3'.

Analysis of VH+-ATPase activity
Pooled leaf material was ground homogenization buffer (2x tissue volume) containing

0.35 M sucrose, 70 mM Trizma (pH 8), 10 % (v/v) glycerol, 3 mM Na2EDTA, 0.15 % (w/v)
BSA, 1.5 % (w/v) PVP-40, 4 mM DTT, 1 mM PMSF, 1 mM Na3VO4 and 1 mM EDTA-free
Protease Inhibitor Cocktail (Complete, Roche, UK). The homogenate was chilled on ice for 15
min and subsequently passed through three layers of Miracloth. After centrifugation (15 min,
15,000 g, 4 °C) the supernatant was filtered through 50 µm-diameter nylon mesh and centrifuged
again at 4 °C for 1 hour at 92,000 g. The microsomal pellet was resuspended in resuspension
buffer containing 0.35 M sucrose, 10 mM Tris-MES (pH 7), 2 mM DTT, 1 mM PMSF. Total
microsomal protein concentration was determined using Bio-Rad Protein assay (BioRad, UK).
VH+-ATPase activity was measured as Concanamycin A-sensitive ATP hydrolysis (Palmgren
1990; Brux et al.  2008). The hydrolysis was coupled enzymatically to the oxidation of NADH
which was monitored as a decrease in the absorbance at 340 nm. Each reaction contained 5 µg
of the microsomal protein extract, 37.5 mM MOPS, 50 mM KCl, 4 mM MgSO4, 3 mM Na3VO4,
1 mM phosphoenolpyruvate, 10 µg/ml pyruvate kinase, 10 µg/ml lactate dehydrogenase, 0.3 mM
NADH and 2 mM ATP. As a control, 5 µg BSA was included in place of microsomal protein.
Activity of the VH+-ATPase was determined as the difference in signal without and with the
addition of 100 nM of Concanamycin A, a specific inhibitor of the VH+-ATPase. The absorption
at 340 nm was followed for 20 minutes in a Biotek ELx808 plate reader. Measurements were
carried out in 3 independent experiments, each with 6 replicates, and data was averaged.



Fig. S1. Diurnal variation in VH+-ATPase transcript levels from Arabidopsis leaf tissue. VH+-
ATPase subunits α2, α3, A and C were assayed by quantitative PCR. Data are means ±SEM of
three independent experiments and are reported as percent of maximum expression after
normalising to the ACT2 actin gene transcript.



Fig. S2. Diurnal variation in VH+-ATPase activity from Arabidopsis leaf tissue. VH+-ATPase
activity was determined from microsomal membrane fractions by coupling to the oxidation of
NADH and was measured as a decrease in absorbance at 340 nm (Palmgren 1990) without and
with the addition of 100 nM Concanamycin A. Each bar represents the means ±SEM of three
independent experiments. Data were normalised to the 8-h timepoint.
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