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[Abstract] Trehalose is a nonreducing disaccharide. It is a common sugar in bacteria, fungi and
yeast, where it functions as a carbon source and stress protectant. In contrast, plants, although
encoding large trehalose biosynthesis gene families, contain only small amounts of trehalose.
The intermediate compound of trehalose, trehalose-6-phosphate (T6P), is a signaling molecule in
plants, regulating metabolism, growth, and development. Most plants contain only a single
trehalase, the enzyme that specifically hydrolyzes trehalose into two glucose molecules. High
trehalase activity has been suggested to be part of the defense mechanism in plants hosting
mycorrhizal fungi, rhizobia, and the plant pathogen Plasmodiophora brassica. Recently, it was
shown in Arabidopsis thaliana that high trehalase activity is associated with an increase in
drought stress tolerance and that trehalase fulfills an important role in stomatal regulation. Here
we describe a protocol for measuring trehalase activity in Arabidopsis tissues, optimized for 96well plates. Dialyzed protein extracts will be incubated with trehalose, followed by the quantitation
of the released glucose using glucose oxidase-peroxidase.
Materials and Reagents
1.

Plant tissues

2.

Liquid nitrogen

3.

MES

4.

Phenylmethylsulfonyl fluoride (PMSF)

5.

EDTA

6.

Polyvinylpyrrolidone (PVP)

7.

Dithiothreitol (DTT)

8.

CaCl2

9.

Glucose

10.

Bovine serum albumin (BSA)

11.

Na2CO3

12.

K-Na-tartrate

13.

CuSO4.5H2O
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14.

KOH

15.

NaOH

16.

Folin & Ciocalteu’s phenol reagent (Sigma-Aldrich, catalog number: 47641)

17.

Trehalose (Sigma-Aldrich, catalog number: T9531)

18.

Glucose, GOD-PAP (DIALAB GmbH, catalog number: D95218B)

19.

Extraction buffer (see Recipes)

20.

Dialysis buffer (see Recipes)

21.

Trehalose buffer (see Recipes)

22.

Glucose standards (see Recipes)

23.

BSA standards (see Recipes)

24.

Lowry buffers (see Recipes)

Equipment
1.

Mortars and pestles

2.

Spectra/Por®1 Dialysis Membrane (IEEE, catalog number: 132660)
Note: 96-well dialysis systems can be used for the dialysis of multiple samples.

3.

Transparent 96-well plates with flat bottom

4.

Rocker

5.

Refrigerated microcentrifuge

6.

Pre-chilled microcentrifuge tubes

7.

100 ml cylinder

8.

Magnetic stir plate and magnet

9.

Cold room

10.

Spectrophotometric plate reader

Procedure
A. Protein extraction
Note: Work always on ice unless stated differently.
1.

Grind plant tissues in liquid nitrogen with mortar and pestle.

2.

Aliquot 100 mg tissue powder in chilled microcentrifuge tubes. Prepare at least 3
replicates per sample.

3.

Add 1 ml of ice cold extraction buffer to each sample. Homogenize samples by pipetting
up and down. Centrifuge at 18,000 x g, 4 °C, 10 min.

4.

Transfer the supernatant to a new, chilled microcentrifuge tube. The obtained protein
extracts can be stored at -80 °C.
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Dialysis
1.

Wet a piece of Spectra/Por®1 Dialysis Membrane with water and tie a knot at the bottom
(Figure 1).

2.

Transfer 500 µl of the protein extract into the tubing and tie a knot at the top (Figure 1).

Figure 1. Tying a knot at the bottom and top of a dialysis membrane
3.

Place tubing in a 100 ml cylinder filled with ice cold dialysis buffer. Dialyze the extract at
4 °C for 2-3 h under continuous stirring on a magnetic stir plate.

4.

Replace dialysis buffer and continue the dialysis at 4 °C overnight.

5.

Transfer the dialyzed extracts to new, chilled microcentrifuge tubes. The dialyzed extracts
can be stored at -80 °C.

C. Trehalase activity adapted for 96-well plates
Note: Work always on ice unless stated differently.
1.

Prepare a water bath at 95 °C.
For samples

1.

Transfer 10 µl of the dialysis product in a 96-well plate with flat bottom (= plate S).

2.

Transfer 10 µl of each respective glucose standard to plate S.
For blanks

1.

Transfer 10 µl of the dialysis product in a 96-well plate with flat bottom (= plate B).

2.

Place plate B at 95 °C temperature for 5 min to denature the trehalase enzyme present in
the blanks.

3.

Place plate B on ice for 2 min.
For samples and blanks
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1.

Add 50 µl of trehalose buffer to plates S and B. Mix by pipetting up and down.

2.

Incubate plates S and B for 30 min on a rocker at 30 °C.

3.

Stop the reaction by boiling for 5 min at 95 °C (denaturation of the trehalase).

4.

Place plates S and B on ice for 2 min.

5.

Add 200 µl of Glucose, GOD-PAP to plates S and B for determining the glucose
concentration of the samples and blanks by colorimetry. Mix by pipetting up and down.

6.

Incubate plates S and B for 15 min at 30 °C on a rocker.

7.

Measure the absorbance of plates S and B at 505 nm with a spectrophotometric plate
reader (30 °C).

8.

Determine the glucose standard curve to calculate the glucose concentration (nmol)
present in the samples and blanks. Subtract the glucose concentration of the blanks from
the samples (see Example: Calculating the trehalase activity in excel).
For proteins (Lowry procedure, 4. Van Houtte et al., 2013)

1.

Transfer 10 µl of the dialysis product in a 96-well plate with flat bottom (= plate P) and
add 30 µl water to these samples.

2.

Transfer 40 µl of each respective BSA standard to plate P.

3.

Add 200 µl of Reagent C (Lowry buffers) to plate P and incubate for 10 min at room
temperature.

4.

Add 20 µl of Reagent D (Lowry buffers) to plate P and incubate for 30 min at 30 °C.

5.

Measure the absorbance of plate P at 546 nm with a spectrophotometric plate reader
(30 °C).

6.

Use the BSA standard curve to determine the amount of protein (µg) present in the
extracts (see Example: Calculating the trehalase activity in excel).

7.

Express the trehalase specific activity as nmol of glucose released per min per mg
protein (see Example: Calculating the trehalase activity in excel).

Data analysis
Here we show an example how to calculate the trehalase activity from a protein extract of
Arabidopsis Col-0 seedlings.
1. Glucose standard curve
Using excel, plot the glucose concentration of the respective glucose standards on the X
axis and the corresponding absorbances (505 nm) on the Y axis (Table 1; Figure 2). Add
a linear trendline to the glucose standard curve and diplay its equation (Figure 2; [1]).
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[1] y = 0.0157x + 0.0858
Table 1. Absorbances at 505 nm (Plates S and B)
Glucose standards

Absorbance (505
nm)

0 nmol glucose

0.08

20 nmol glucose

0.3721

40 nmol glucose

0.7421

60 nmol glucose

1.0355

80 nmol glucose

1.3792

100 nmol glucose

1.6143

Arabidopsis Col-0

Absorbance (505

tissues

nm)

Sample

0.1483

Blank

0.0898

Figure 2. Glucose standard curve
2. Determination of the glucose concentration
Equation [1] and the absorbances (505 nm) of the sample and blank (Table 1) can be
used to calculate the glucose concentration present in the sample and blank.
[2] Nmol glucose in sample = (0.1483-0.0858)/0.0157
= 3.9809
[3] Nmol glucose in blank = (0.0898-0.0858)/0.0157
= 0.2548
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In order to know how many glucose is released per min in the extract, subtract [3] from [2],
and divide by the duration of the incubation time (min).
[4] Nmol glucose released per min = (3.9809 - 0.2548)/30
= 0.1242
3. BSA standard curve
Since trehalase activity is expressed per unit of protein, we need to determine the
amount of protein present in the extract. Using excel, plot the protein content of the
respective BSA standards on the X axis and the corresponding absorbances (546 nm) on
the Y axis (Table 2; Figure 3). Add a linear trendline to the BSA standard curve and
display its equation (Figure 3; [5]).

Figure 3. BSA standard curve
[5] y = 0.0242x + 0.0576
4. Determination of the protein content
Equation [5] and the absorbance (546 nm) of the protein extract (Table 2) can be used to
calculate the protein content.
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Table 2. Absorbances at 546 nm (Plate P)
BSA standards

Absorbance (546 nm)

0 µg protein

0.0488

10 µg protein

0.3224

20 µg protein

0.5603

30 µg protein

0.7159

40 µg protein

1.0637

Arabidopsis Col-0
tissues
Protein

Absorbance (505 nm)
0.4786

[6] µg protein in extract = (0.4786 - 0.0576)/0.0242
= 17.3967
5. Trehalase specific activity of Arabidopsis Col-0 seedlings
Since the specific trehalase activity is expressed as nmol glucose produced per min per
mg protein, we need to divide [4] by [6], and multiply by 1,000.
[7] Trehalase specific activity in nmol glucose per min per mg protein =
0.1242/17.3967*1,000
= 7.1393
Recipes
1. Extraction buffer
0.1 M MES-KOH (pH 6)
1 mM PMSF
1 mM EDTA
1% (w/v) PVP
1 mM DTT
Stored at 4 °C
2. Dialysis buffer
10 mM MES-KOH (pH 7)
50 µM CaCl2
Stored at 4 °C
3. Trehalose buffer
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250 mM trehalose
62.5 mM MES-KOH (pH 7)
125 µM CaCl2
Stored at 4 °C
4. Glucose standards
Make standards with 10, 8, 6, 4, 2 and 0 µl of a 10 mM glucose solution in a total V of 10
µl
Fresh prepared or store 10 µl aliquots at -20 °C
5. BSA standards
6. Make standards with 40, 30, 20, 10 and 0 µl of a 1 mg/ml BSA solution in a total V of 40
µl
Fresh prepared and keep on ice
7. Lowry buffers
Reagent A:
2% (w/v) Na2CO3, 0.02% (w/v) K-Na-tartrate in 0.1 M NaOH
Stored at room temperature
Reagent B:
1% (w/v) CuSO4.5H2O
Stored at room temperature
Reagent C:
Mix solution A and B (100:1, [v/v])
Fresh prepared
Reagent D:
Mix Folin & Ciocalteu’s phenol reagent with MilliQ water (1:2, [v/v])
Fresh prepared
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