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[Abstract] Phytoalexins are antimicrobial substance synthesized in plants upon pathogen infection.
Pisatin (Pisum sativum phytoalexin) is the major phytoalexin in pea, while it is also a valuable indicator
of plant defense response. Pisatin can be quantitated in various methods from classical organic
chemistry to Mass-spectrometry analysis. Here we describe a procedure with high reproducibility and
simplicity that can easily handle large numbers of treatments. The method only requires a
spectrophotometer as laboratory equipment, does not require any special analytical instruments (e.g.,
HPLC, mass spectrometers, etc.) to measure the phytoalexin molecule quantitatively, i.e., most scientific
laboratories can perform the experiment.
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[Background] Plants have host resistance and nonhost resistance depending upon the nature of plantpathogen interactions. Host resistance is mostly controlled by R genes and less durable, whereas
nonhost resistance is generally a multi-gene trait and more durable in comparison with host resistance
(Gill et al., 2015; Lee et al., 2017). The pea plant has served as a model system for research on the
signals that trigger the nonhost defense response when challenged by incompatible pathogens that fall
outside that species’ host range (Hadwiger, 2008). An indicator of this response in peas is the induction
of a secondary metabolism to the isoflavonoid, pisatin. Pisatin has strong antifungal properties but its
presence is a valuable indicator of plant defense response. Pisatin can be quantitated in various ways
from classical organic chemistry procedures (Schwochau and Hadwiger, 1969) to Mass-spec analysis
(Seneviratne et al., 2015). However, a procedure with high reproducibility and simplicity is described
herein that can easily handle large numbers of treatments. The targeted tissue is the inside layer of an
immature pea pod, called endocarp. This pristine cuticle-free tissue is capable of responding rapidly to
candidate microbes or elicitor compounds to generate the pea defense response. The exposed
epidermal layer of cells can be monitored for light microscope-visible or stained cellular component
changes. The overall changes that culminate in pisatin accumulations can be determined by immersing
the pod half in 5 ml of hexane for 4 h in the dark and subsequently allowing the decanted hexane to
evaporate in the air flow of a hood. The residue remaining is dissolved in 1 ml of 95% alcohol and read
at OD309 using a spectrophotometer: 1 OD309 = 43.8 µg pisatin/ml in 1 cm pathlength (Cruickshank and
Perrin, 1961; Perrin and Cruickshank, 1965; Teasdale et al., 1974). This reading minus the background
control tissue and the characteristic UV spectrum are essentially free from other hexane soluble
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components of the pea tissue. This protocol was used in our recent publications (Hadwiger and Tanaka,
2014 and 2017; Tanaka and Hadwiger, 2017).

Materials and Reagents

1. Spatula–smooth narrow tip and smooth glass rod
2. Plastic Petri dishes (60 x 15 mm) (Corning, catalog number: 351007)
3. Plastic container with wet Kimwipes inside for humidity
4. Paper towel or Kimwipe
5. Immature pea pods (1.5-2.0 cm in length) grown in sand and clay pots at 65-70 F under
greenhouse conditions and freshly harvested (use within 3 h of applying a treatment). Remove
calyx and retain briefly in sterile water (Figure 1). Endocarp will be used for the assay (see Note
1 in detail)
6. Glass vials 30 ml
7. Candidate elicitor solutions best dissolved in deionized water (For exceptions see Procedure 1)
8. DMSO
9. Hexane
10. 95% ethanol

Equipment

1. Adjustable pipettes (P-200 and P-1000 and corresponding tips)
2. Flask 500 ml with 5 ml dispenser top or 5 ml pipet for dispensing hexane
3. Glass beakers, 30 ml
4. Room temperature dark cabinet space for pathogen or elicitor treatments (as described in step
3b)
5. UV spectrometer (Shimadzu, model: UV160)
6. 1 cm Pathlength quartz cuvettes (Sigma-Aldrich, catalog number: C5178)
Note: This product has been discontinued.

Procedure

1. Preparation of elicitors
The selection of elicitors is by design open to innovation. Follow the directions of manufactures
for solubility procedures. Water soluble compounds dissolved at near neutral pH are preferred.
When solubility depends on ethanol, DMSO etc., there must be suitable control applications
with only the respective solvent. Incompatible pathogen can be a positive control for an inducer
of nonhost resistance. See Note 2 in detail.
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2. Preparation of pod halves
a. Harvest pods and remove calyx as shown in Figure 1. Hold these pods in a sterile deionized
water reservoir to keep the tissue moist.
b. Select uniform sized and conditioned pea pods from their water reservoir.
c.

Separate the pod halves with a smooth spatula avoiding wounding as much as possible.

d. Fresh weight of pod halves is determined.
e. Lay endocarp (inner) surface layer up in a Petri dish (Figure 1).

Figure 1. Pea endocarp. The inside layer (endocarp) of an immature pea pod is cuticle-free
tissue capable of responding rapidly to microbes or elicitor compounds. Right picture shows
endocarp tissues treated in an elicitor solution in Petri dishes. Incubation is performed in a
plastic container with wet paper towels to maintain humidity.

3. Application of elicitors
a. Apply 25 µl of elicitor candidate solution and lightly distribute over the entire surface with a
glass rod. For the control, apply the same solvent used for dissolving the elicitor.
b. Treated pods are retained in a plastic container with wet paper towels (Figure 1) to maintain
humidity and then incubate in the dark or moderate light for up to 24 h.
4. Extraction and measurement of pisatin
a. Pods are transferred to 30 ml glass vials using forceps and immersed in 5 ml of hexane for
4 h in the dark. Typically, 400 mg fresh weight per 5 ml of hexane.
b. The hexane is decanted off into 30 ml beakers and the hexane evaporated in the air stream
of a hood in low light because pisatin is not stable in bright light (typically light strength in
the lab is not incandescent).
c.

One milliliter of 95% ethanol is added to the residue and read at 309 nm in a cuvette using
spectrophotometer.

d. To insure purity, a UV spectrum is measured in the range of 220-320 nm to verify the
characteristic pisatin spectrum (Figure 2). See Note 3 in detail.
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Figure 2. Pisatin spectrum. UV spectrum in the range of 220-320 nm was run to verify the
purity of pisatin.

Data analysis

After subtracting the OD309 value of non-treated control, the numbers are converted based on the
equation: 1.0 OD309 unit = 43.8 µg/ml pisatin in 1 cm pathlength (see Note 4 in detail). Data should
be shown with pisatin quantity (µg) per fresh weight of tissues (g). Data obtained should be analyzed
using ANOVA followed by Student’s t-test. Difference with P < 0.05 is considered significant.

Notes

1. The pea endocarp tissue has some potential to condition or partially take up small percentages
of insoluble materials in suspension, such as the cell wall fragments released by fungal spores,
detected in electron microscope view (Hadwiger et al., 1981).
2. Effect of elicitors can be compared with that of an incompatible fungal pathogen, e.g., Fusarium
solani f.sp. phaseoli (Fsph), which is a pathogen for bean (not for pea). An example result was
shown in Figure 3, in which the data show that no detectable pisatin above background in watertreated tissue, and accumulation of pisatin induced by a fungal wall carbohydrate (i.e., chitosan)
and by an authentic inducer of nonhost resistance in pea, a fungal pathogen of bean (i.e., Fsph).
3. Pisatin has been purified from the final step with both thin layer chromatography and mass
spectrometry (Teasdale et al., 1974; Seneviratne et al., 2015). The assay is accurate because
pisatin only absorbs at 309 nm.
4. Pisatin in ethanol has a characteristic UV absorption spectrum with two peaks at 286 nm and
309 nm (Figure 2). When pisatin is the only light-absorbing compound in the solution, the ratio
OD309 to OD286 is 1.47 (Cruickshank and Perrin, 1961).
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Figure 3. An example result of pisatin measurement. Pisatin was extracted and measured
from endocarps (n = 3) after 24 h incubation with water (control), 1 mg/ml chitosan (elicitor), or
4 x 106 spores of Fsph (Fusarium solani f.sp. phaseoli). Data was modified from our previous
publication (Hartney et al., 2006). There were statistically significant differences between group
means as determined by one-way ANOVA (P < 0.05).
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