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Abstract

We have developed a novel transient plant expression system that simultaneously expresses the reporter gene, β-glucuronidase (GUS), with
putative positive or negative regulators of cell death. In this system, N. benthamiana leaves are co-infiltrated with a 35S driven expression
cassette containing the gene to be analyzed, and the GUS vector pCAMBIA 2301 using Agrobacterium strain LBA4404 as a vehicle. Because
live cells are required for GUS expression to occur, loss of GUS activity is expected when this marker gene is co-expressed with positive
regulators of cell death. Equally, increased GUS activity is observed when anti-apoptotic genes are used compared to the vector control. As
shown below, we have successfully used this system in our lab to analyze both pro- and anti-death players. These include the plant anti-
apoptotic Bcl-2 Associated athanoGene (BAG) family, as well as, known mammalian inducers of cell death, such as BAX. Additionally, we have
used this system to analyze the death function of specific truncations within proteins, which could provide clues on the possible post-translational
modification/activation of these proteins. Here, we present a rapid and sensitive plant based method, as an initial step in investigating the death
function of specific genes.

Video Link

The video component of this article can be found at https://www.jove.com/video/2680/

Protocol

Nicotiana benthamiana plants are grown in a temperature-controlled growth chamber at 25°C . Fully expanded healthy leaves of 3-6 week old
plants are used.

Tip: Better results are obtained by using newly emerging leaves

1. Agrobacterium transient infiltration protocol:

Day 1

1. Streak LB/Rifampicin (25 μg/ml)/Kanamycin (100 μg/ml) agar plates with glycerol stocks of Agrobacterium tumefaciens (strain LBA4404)
containing the appropriate vectors with the gene (s) to be assayed for cell death and the vector containing the GUS cassette under a
constitutive promoter. Always include an empty vector control as a negative control.

2. Incubate at 28°C for 2 days.

Day 3

1. Inoculate 2 ml of LB containing Rifampicin (25 μg/ml) and Kanamycin (100 μg/ml) with a single colony from each LB/Rifampicin/Kanamycin
plate previously streaked.

2. Incubate each culture by shaking at 28°C for 24 hours at 200 rpm until maximum growth density is reached.

Tip: Clumping is sometimes observed, in which case cultures need to be thoroughly resuspended (i.e. pipetting up and down) before proceeding.

Day 4

1. Following incubation, increase the total volume to 10 mL with fresh LB (containing the appropriate antibiotics) and acetosyringone (final
concentration 25 μM).

2. Incubate each culture by shaking at 28 °C for another 16 hrs.

Day 5

1. The following day wash each culture twice by adding 10 ml (do not add acetosyringone) infiltration medium (10 mM MgSO4.7H2O, 9 mM
MES, pH 5.6) and centrifuge at 4000 x g for 10 min at room temperature.
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2. After the final centrifugation step, resuspend each culture in 5 ml infiltration medium containing acetosyringone (100 μM).
3. Measure the OD600nm, measurements between 0.1 and 0.9 are acceptable.

 

Tip: OD600nm of as low as 0.1 have been used without a problem, however, higher ODs may produce more consistent results.
4. Incubate the cultures for 3 more hrs to prepare the Agrobacterium cultures for infection.
5. Mix cultures containing the gene(s) to be analyzed and the negative control (Agrobacterium containing the empty vector) in a 1:1 ratio with

the culture containing the GUS cassette.
6. Infiltrate the abaxial (under) side of newly emerging leaves using a 1 ml needle-less syringe (Fig. 1).

 

Tip: Infiltrate both the negative control mixture (empty vector + GUS cassette) and the mixture containing the gene to be assayed (gene x +
GUS cassette) on opposite leaves of the same plant. Use triplicate plants for each treatment.

7. 3 days post-infiltration excise infiltrated leaves and assay for GUS protein expression.

2. Histochemical GUS assay

Day 8

1. Vacuum infiltrate the X-gluc substrate medium into the excised leaves.
2. Incubate in darkness at room temperature overnight or until distinct blue staining appears.

Day 9

1. Rinse in distillated water.
2. Incubate in 70% ethanol until chlorophyll is removed, then transfer to distilled water again. Visually assess GUS expression levels.

3. Fluorometric MUG assay:

Day 8

1. Isolate total protein by grinding infiltrated leaf discs in a mortar using liquid nitrogen. Add 100 uL of GUS extraction buffer (50 mM NaPi pH
7.0, 10 mM EDTA, 0.1% Triton X-100, 0.1 % N-lauroylsarcosine sodium salt, β-mercaptoethanol (0.7 μl/ml) while keeping the sample on ice.

2. Centrifuge suspension at 14,000 g for 5 min at 4 °C and take supernatant as total soluble protein.
3. Measure concentration by using a nanodrop according to manufacturer’s instructions.
4. Adjust the protein concentration to 100 μg of total soluble protein for each sample using GUS extraction buffer.
5. Add MUG substrate (4-methylumbelliferyl-β-D-glucuronide trihydrate) prepared in GUS extraction buffer to a final concentration of 2 mM. A

total volume of 100 μL per sample (protein + MUG substrate) should be sufficient.
6. Incubate the reactions for 1 hr at 37 °C.
7. Stop reactions by adding 800 μl of GUS stop buffer (0.2 M Na2CO3).
8. Measure fluorescence using a plate reader at an excitation wavelength of 365 nm and emission wavelength of 455 nm and compare values

to an MU standard curve. Report levels of GUS activity as nmol MU / μg total soluble protein / min.

4. Stocks and Solutions:

1. Acetosyringone (1 M) stock (FW = 196.2 g) – 0.981 g in 5 mL of DMSO
2. Kanamycin (100 mg/ml) stock – prepare in dH20 – filter sterilize
3. Rifampicin (25 mg/ml) stock – prepare in DMSO
4. Luria-Bertani (LB) liquid growth media: (1L)

 

1 % (w/v) bacto-tryptone, 10 g
 

0.5 % (w/v) bacto-yeast extract, 5 g
 

170 mM sodium chloride 10 g
 

pH - 7
5. Acetosyringone (25 μM) = 25 μl of a 1 M stock in a final volume of 1 ml
6. Infiltration Medium: (1L)

 

10 mM MgSO4.7dH20(FW = 246.48 g), 2.4648 g
 

9 mM MES(FW = 213.25 g), 1.91925 g
 

pH – 5.6
7. Acetosyringone (100 μM) = 100 μl of a 1M stock in a final volume of 1 ml
8. GUS Extraction Buffer

 

50 mM NaPi pH 7.0, 10 mM EDTA, 0.1 % Triton X-100, 0.1 % N-lauroylsarcosine sodium salt, β-mercaptoethanol (0.7 μl/ml)
9. 2x Phosphate buffer

 

0.2M NaH2PO4 and 0.2 M Na2HPO4 pH 7
10. X-Gluc substrate solution

 

Dissolve 1 mg of 5-bromo-4-chloro-3-indolyl b-D-glucuronide (X-Gluc) in 0.1 ml methanol. Add 1 ml 2x phosphate buffer, 20 μl 0.1M
potassium ferricyanide, 10μl Triton X-100 10% and 850 μl of distillated water.

5. Representative results:

Following this protocol, loss of GUS expression is expected when cell death occurs. We have simultaneously expressed the reporter gene,
β-glucuronidase (GUS) with a member of the cyto-protective Arabidopsis Bcl-2 Associated athanoGene (BAG) family. We co-infiltrated N.
benthamiana leaves with a 35S driven BAG expression cassette and the GUS vector pCAMBIA 2301 using Agrobacterium strain LBA4404. As
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shown in figure 2, a visible increase in GUS staining was observed following this infiltration. Conversely, when the known pro-apoptotic member
of the Bcl-2 family BAX was used, a marked reduction of GUS staining was observed (Fig. 2). In both of these cases, GUS expression was
visibly different compared to the control. However, when the difference in expression is less evident, fluorometric MUG assays can be performed
to quanitate GUS expression.

 

Figure 1. Example of Agrobacterium mixture infiltration of the abaxial side of N. benthamiana leaves using a 1 ml needle-less syringe.

 

Figure 2. A GUS vector was co-expressed in N. benthamiana leaves with the anti-death gene, and a known inducer of cell death. GUS levels
were compared to an empty vector control (GUS control).

Discussion

It is often difficult to use cell death detection techniques in plants that are common in mammalian systems. In combination with a GUS reporter
system, we present a plant based, sensitive method for the detection and analysis of cell death players. This method takes advantage of the
simple fact that live cells are required for GUS expression to occur. To ensure meaningful results and repeatability, it is critical that the cultures
harboring the GUS cassette and the gene to be assayed are infiltrated at equal ratios. These ratios should be maintained when comparing
additional potential cell death players. As shown above, we have successfully used this method in our lab to investigate the potential death
function of many genes. Because of its simplicity, we believe that this system can be routinely used to detect death modulators. Furthermore,
the method can be adjusted to accommodate multiple genes in single culture mixtures. As is sometimes the case, the cell death function of
a particular gene is contingent on its activation/repression by other programmed cell death effectors. Therefore, multiple genes can be co-
expressed in a single culture mixture with a GUS cassette to investigate these possibilities.
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