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[Abstract] For monitoring the cellular pH in plants, engineered green fluorescent protein (GFP)
has been used to indicate cellular pH. Pt-GFP is a pH-reporter protein which has been used
ratiometrically in the double excitation mode, according to the fluorescence properties
described for Pt-GFP (Schulte et al., 2006), and depending on our previous experiments, we
present here a little and efficient protocol for monitoring the cytosolic pH value. In this protocol,
root hair cellular pH was monitored in the PtGFP reporter lines. Cellular pH can be obtained
according to the calibration curve which was performed in situ by using a series pH buffer.

Materials and Reagents

1. Stable Pt-GFP transgenic WT line N9561 (background: Col-0) was obtained from the
Nottingham

Arabidopsis

Stock

Centre

http://arabidopsis.info/StockInfo?NASC_id=9561).
Note: Pt-GFP T-DNA insertion mutant homozygous were obtained by crossing the
T-DNA insertion mutant (what you interested, here meant the mutant with root hair
growth problem) with the N9561. And we obtained the T-DNA insertion homozygous
first by PCR (methods in http://signal.salk.edu/cgi-bin/tdnaexpress) in the F2 progeny,
and we checked the fluorescence for Pt-GFP. Homozygous lines with fluorescence will
be used for later analysis.
2. Digitonin (Sigma-Aldrich, catalog number: 11024-24-1)
Note: Risk assessment: toxic. Digitonin is toxic by inhalation, contact with skin, wear
protective gloves and clothing, wear respiratory protection, when handling this
chemical.
3. 2-(N-Morpholino) ethanesulfonic acid (MES) (Sigma-Aldrich, catalog number:
145224-94-8)
4. N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic

acid

(HEPES)

(Sigma-Aldrich,

catalog number: 7365-45-9)
5. Murashige and Skoog (MS) medium (Phyto Tech, catalog number: M519)
6. pH buffer solutions (see Recipes)
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Equipment

1. Inverted Carl Zeiss LSM 710 confocal microscope
2. Plant growth chamber
3. 2 ml tubes (Eppendorf tubes)
4. Forceps
5. Microscope slides
6. Microscope cover slips

Software

1. Microsoft Excel

Procedure

1. Surface-sterilized Arabidopsis seeds were sowed on 0.5 x MS medium and kept for 3 d
at 4 °C in the dark. The plates were then transferred to the growth chamber at 22 °C
with a 16-h light/8-h dark photoperiod and grown vertically. Pt–GFP Root hairs of
4-5-d-old seedlings were used to monitor intracellular pH. Seedlings were carefully
placed on the slide with 2-3 drops of liquid growth medium (the same as the medium
seedling were grown on). Root hair GFP fluorescence was monitored under the
confocal microscope (exciters: 405 nm and 488 nm; emitter: 525 nm); the
F405-to-F488 ratio was used as a measure for pH, and a pseudocolor-coded 405
nm/488 nm ratio image can be obtained.
2. The pH titrations were performed in situ as previously reported (Moseyko and Feldman,
2001). For making the calibration curve, a series of pH buffer solutions (5, 5.5, 6, 6.5, 7,
7.5 and 8; for preparation, see Recipes) were used, 4-5-d-old seedlings were
incubated in the buffer solution and were stabilized for about 10 min to equilibrate the
external pH buffer solutions and the pHc. Fluorescence was made as procedure 1 to
obtain F405-to-F488 ratio for different pH buffer solution. For each, at least 5 repeats
should be made.
3. After the in situ titration, an equation (R2 near 0.999) will be reached for conversion the
fluorescence ratio to the pH value by using the Microsoft Excel. pH levels of the root
hair obtained in step 1 were then calibrated by the equation.
4. Waste disposal
Offer surplus and non-recyclable solutions with digitonin to a licensed disposal
company. Contact a licensed professional waste disposal service to dispose of this
material.
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Figure 1. pHc in root hairs of Pt-GFP plants. Bars = 10 µm

Recipes

1. pH buffer solutions
0.5 x Murashige and Skoog basal salt mix (MS) salts
0.005% digitonin
50 mM MES/NaOH (for adjusting pH to 5, 5.5, 6, 6.5) or 20 mM HEPES/NaOH (for pH
to 7, 7.5, 8)
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