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[Abstract] Aphids are a serious pest of crops across the world. Aphids feed by inserting their flexible
hypodermal needlelike mouthparts, or stylets, into their host plant tissues. They navigate their way to
the phloem where they feed on its sap causing little mechanical damage to the plant. Additionally, while
feeding, aphids secrete proteinaceous effectors in their saliva to alter plant metabolism and disrupt plant
defenses to gain an advantage over the plant. Even with these arsenals to overcome plant responses,
plants have evolved ways to detect and counter with defense responses to curtail aphid infestation. One
of such response of cowpea to cowpea aphid infestation, is accumulation of the metabolite methylglyoxal.
Methylglyoxal is an a,B-dicarbonyl ketoaldehyde that is toxic at high concentrations. Methylglyoxal levels
increase modestly after exposure to a number of different abiotic and biotic stresses and has been
shown to act as an emerging defense signaling molecule at low levels. Here we describe a protocol to
measure methylglyoxal in cowpea leaves after cowpea aphid infestation, by utilizing a perchloric acid
extraction process. The extracted supernatant was neutralized with potassium carbonate, and
methylglyoxal was quantified through its reaction with N-acetyl-L-cysteine to form N-a-acetyl-S-(1-
hydroxy-2-oxo-prop-1-yl)cysteine, a product that is quantified spectrophotometrically.

Keywords: Methylglyoxal, Cowpea, Cowpea aphid, Plant-aphid interaction, N-acetyl-L-cysteine, N-a-
acetyl-S-(1-hydroxy-2-oxo-prop-1-yl)cysteine

[Background] The importance of methylglyoxal in plant response and signaling to various stresses is
only just beginning to be understood. Various abiotic stresses have been shown to lead to an
accumulation of methylglyoxal in plants (Yadav et al., 2005; Borysiuk et al., 2018). This accumulation
suggests that methylglyoxal has a signaling role in plants (Hossain et al., 2009; Hoque et al., 2016;
Mostofa et al., 2018). Exogenous application of methylglyoxal has been found to upregulate antioxidant
and defense genes in plants corroborating the role methylglyoxal has as a signaling molecule (Kaur
et al., 2015; Li et al., 2017). The accumulation of methylglyoxal in plants has also been described in
response to biotic stresses including bacterial, viral and fungal infections (Melvin et al., 2017). Recently,
it has been shown that cowpea aphid infestation also leads to an increase in methylglyoxal level
expanding its role in defense against herbivore pests (MacWilliams et al., 2020). Three methods have
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been established for quantification of methylglyoxal. Of these three methods, the N-acetyl-L-cysteine
method by Wild et al. (2012) has been found to measure methylglyoxal in the most economical and
safest way. The other two methods involve expensive enzyme purification or derivatization with an
explosive chemical (Racker, 1951; Gilbert and Brandt, 1975). N-acetyl-L-cysteine method involves
mixing methylglyoxal with N-acetyl-L-cysteine to generate N-a-acetyl-S-(1-hydroxy-2-oxo-prop-1-
yl)cysteine which is detected and measured at absorbance 288 nm by a spectrophotometer (Figure 1).
In this protocol, we combine the method by Wild et al. (2012), that simply measures methylglyoxal levels,
with extraction of methylglyoxal from plant tissues, and measuring its levels in cowpea (Vigha

unguiculata) leaves after cowpea aphid infestation (Aphis craccivora).
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Figure 1. Reaction of methylglyoxal with N-acetyl-L-cysteine to form N-a-acetyl-S-(1-hydroxy-
2-oxo-prop-1-yl)cysteine. Structures were drawn using the online resource at http:/molview.org.

Materials and Reagents

Disposable nitrile gloves (Fisher Scientific, catalog number: 19-130-1597)
Lab coat
N95 mask (3M, catalog number: 19-033-524)
32 oz (946 ml) plastifoam cups (First Street, model: SF32)
White printing paper letter size (8 1/2" x 11") (Office Depot, catalog number: 841195)
Bug domes (BioQuip)
Fine tip paint brush (academy 775 round size 0; Grumbacher, catalog number: 14173361639)
Disposable Petri dish (Fisher Scientific, catalog number: FB0875713)
Pipette tips 2 ul, 10 ul, 200 pl, 1,000 pl
. Eppendorf tubes (1.5 ml)
. Eppendorf tubes (2 ml)
. Pellet pestles (Fisher Scientific, catalog number: 12-141-364)
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. Methacrylate disposable cuvettes (Fisher Scientific, catalog number: 14-955-127)
. UC Mix 3 Soil (Plaster Sand 15.50 cu. ft., peat moss 11.50 cu. ft., KNO3 0.25 Ib., limestone flour
1.50 Ib., phosphate 1.25 Ib., dolomite 3.75 Ib., magnesium 0.07 Ib., iron 0.13 Ib., manganese

—
N

0.03 Ib., zinc 0.05 Ib., copper 0.11 Ib.) (https://agops.ucr.edu/soil-mixing) or similar plaster sand-

peat moss mix soil
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15. Cowpea seeds (cv CB46)

16. Cowpea aphid colony

17. Sodium phosphate monobasic (NaH2POa4) (Fisher Scientific, catalog number: S369-500)
18. Methylglyoxal (Sigma-Aldrich, catalog number: M0252-25ML)

19. N-acetyl-L-cysteine (Alfa Aesar, catalog number: A15409)

20. 70% Perchloric acid (Macron Fine Chemicals, catalog number: MK-2766-500)
21. Potassium carbonate (CK203) (Fisher Scientific, catalog number: P208-500)
22. Sodium hydroxide (NaOH) (Fisher Scientific, catalog number: BP359-212)
23. Charcoal (Fisher Scientific, catalog number: C270C)

24. Alkacid wide-range test ribbons (Fisher Scientific, catalog number: A979)

25. ddH20

26. Ice

27. 100 mM Methylglyoxal (see Recipes)

28. 100 mM NaH2PO4 buffer (pH 7.0) (see Recipes)

29. 500 mM N-acetyl-L-cysteine (see Recipes)

30. 5% Perchloric acid (see Recipes)

31. 1 M CKz20s3 (see Recipes)

32. 10 mM NaOH (see Recipes)

Equipment

Pipettes (P2, P20, P200, P1000)

Microcentrifuge (Beckman Coulter, model: Microfuge 22R Centrifuge)

Spectrophotometer (Beckman Coulter, model: Du 730 Life Science UV/Vis Spectrophotometer)
pH meter (Mettler Toledo, model: MP 220 pH Meter)

Electronic balance (Mettler Toledo, model: AG104 Electric Balance)

o g M w2

Plant and aphid growth room or greenhouse maintained at 28 + 2 °C and 16 h light/8 h dark
photoperiod
7. Fume hood

Procedure

A. Planting and plant growth
1. Fill up the plastifoam cups with UC Mix 3 soil. Use a minimum of three plants for each infestation
time point and for non-infested control (biological replicates).
Plant a single cowpea seed in each cup at around 2.5 cm depth.
Maintain the plants at 28 + 2 °C for 16 h light/8 h dark photoperiod and water as needed.

After 2 weeks, plants will have full grown unifoliate leaves and will be ready for infestation.
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B. Aphid infestation
1. Using a wet fine paintbrush, collect apterous (wingless) 4" stage nymphs and adult cowpea
aphids from a colony and place the aphids in a Petri dish as seen in Figure 2.

Note: A cowpea aphid colony is best maintained on young plants with 16 h of light at 28 + 2 °C.

Figure 2. Collection of cowpea aphids. A. An adult cowpea aphid next to a paintbrush. B.

Cowpea aphids in a 9-mm Petri dish.

2. Move the dish with the aphids to the plant growth room where the plants will be infested and
maintained.
3. Using the same paintbrush, transfer about 100 aphids to a single unifoliate leaf.
Notes:
a. Ensure that the leaf is evenly infest with aphids as seen in Figure 3C.
b. For multiple time point infestations, infest the plants such that you are able to harvest the
leaves, from all time points, at the same time. For example, for 24 h and 48 h time points,
infest on day 1 and day 2 at a similar time of the day and harvest the leaves on day 3.
4. Make a slit in a piece of paper of about 15-mm height and 7-mm width (Figure 3A), and place
the paper around the cowpea leaf to form a barrier, to inhibit aphids from leaving the leaf, as

seen in Figure 3. Place a paper barrier on the control non-infested plants as well.

A B C

Figure 3. The paper barrier used to keep aphids on a single leaf. A. The slit in the paper
allows to insert the paper around the petiole of a leaf. B. A cowpea plant with the paper barrier

in place. C. A cowpea leaf evenly infested with cowpea aphids.
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Note: The paper barrier discourages aphids from leaving the leaf, while limiting mechanical
damage that could be caused by traditional clip cages, used to confine aphids on a given

location on a leaf.

Move the infested plants into a bug dome and maintain at 28 + 2 °C for 16 h light/8 h dark
photoperiod.
Place the non-infested control plants in a different bug dome, adjacent to the bug dome

containing the aphid-infested plants.

C. Methylglyoxal extraction

Notes: Because perchloric acid and methylglyoxal are toxic, before starting the procedure, take the

following safety measures:

a.

© ® N o

11.

Wear personal protective equipment (PPE), including a lab coat, gloves and N95 mask, for
handling perchloric acid and methyiglyoxal.

Perform all steps in a fume hood.

Have an easily accessible designated waste container, inside the hood, to dispose everything

that comes in contact with perchloric acid.

Move the plants and a balance, for weighing the leaves, near the fume hood.

Mark and weigh appropriate number of empty 1.5 ml Eppendorf tubes and record their weights.
Remove the paper barrier, cut the petiole of the infested leaf and immediately cut the leaf in half
and place a half leaf in a 1.5 ml Eppendorf tube.

Weigh the tube and determine the leaf tissue weight by subtracting the weight of the empty tube.
Note: The weight of half a cowpea 2-week-old unifoliate leaf is around 300 mg.

Add 300 pl of 5% perchloric acid and homogenize the leaf tissue using a pestle.

Notes:

a. Use 1:1 ratio of mg leaf tissue and ul volume of 5% perchloric acid.

b. To avoid variability, steps 3-5 should be performed quickly.

Incubate the samples for 15 min at room temperature.

Centrifuge the samples at 13,000 x g for 10 min at 4 °C.

Transfer the supernatant to a new 1.5 ml tube.

Divide equally the supernatant from each sample into two 1.5 ml tubes to use as technical

replicates.

. Add 10 mg of charcoal to each tube to decolorize the supernatant and incubate for 15 min at

room temperature.
Note: Invert the tubes a couple of times during the 15 min incubation.
Neutralize the solution by adding an appropriate volume of 1 M CK20s.
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Note: Use caution when titrating with 1 M CK>O3 and monitor the pH of the sample with Alkacid
wide-range test ribbons to prevent over-neutralization. For 250 ul of supernatant, around 45 ul
of 1 M CKz03 is needed. If additional titration is needed, use small volumes of 1 M CK2Os3.
12. Centrifuge the samples at 13,000 x g for 10 min at 4 °C.
Note: If the pellet is floating and is not stuck at the bottom of the tube, repeat the centrifugation.
13. Transfer the supernatant from each tube to a new 1.5 ml tube and keep on ice until ready to

measure methylglyoxal concentration.

D. Methylglyoxal standard curve

1. Prepare a standard curve by adding the reagents in 2 ml tubes as described in Table 1.

Table 1. Reagents and concentrations used for developing the methylglyoxal standard

curve
Tube Methylglyoxal 100 mM Methylglyoxal 100 mM NaH2PO4 buffer (pH 7.0)
concentration

1 0.5 mM 5l 975 pl

2 1mM 10 pl 970 pl

3 2 mM 20 pl 960 pl

4 3 mM 30 pl 950 pl

5 5 mM 50 pl 930 ul

Notes:

a. Methylglyoxal is highly toxic and should be handled in a fume hood with proper PPE. All
steps including the formation and reading of N-a-acetyl-S-(1-hydroxy-2-oxo-prop-1-
yl)cysteine with the spectrophotometer should also be performed in the fume hood for
maximum safety, with an easily accessible designated waste container for everything that
comes in contact with methylglyoxal.

b. 100 mM methylglyoxal is made fresh in ddH-O.

Add 20 ul of 500 mM N-acetyl-L-cysteine to each tube to start the reaction shown in Figure 1.

Invert the tubes to mix the reaction and incubate at room temperature for 10 min.

Notes:

a. Tubes should be inverted multiple times during the incubation period.

b. If this protocol is used for measuring methylglyoxal under different stresses or different
plant species, then, observe the kinetics of the reaction of a sample to ensure that the

10 min is a long enough incubation time for the reaction to reach a plateau.
4. Move the samples into cuvettes and using a spectrophotometer detect the formation of N-a-
acetyl-S-(1-hydroxy-2-oxo-prop-1-yl)cysteine by measuring the absorbance at 288 nm.

5. Plot a standard curve as shown in Figure 4.
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Figure 4. A standard curve generated by measuring absorbance at 288 nm using a

spectrophotometer and the methylglyoxal concentrations and reagents in Table 1

E. Methylglyoxal estimation

1. For each sample, use a 2 ml tube and label accordingly. In each tube, add 930 pl of 100 mM
NaH2PO4 buffer (pH 7.0).
Note: 100 mM NaH2PO4 buffer (pH 7.0) should be prepared fresh.

2. Add 50 pl of each sample to the 2 ml tube with the 100 mM NaH2PO4 buffer.
Add 20 ul of 500 mM N-acetyl-L-cysteine to each tube to start the reaction shown in Figure 1.
Note: 500 mM N-acetyl-L-cysteine is prepared fresh in 100 mM NaH»POg4 buffer (pH 7.0).

4. Invert the tubes to mix and incubate at room temperature for 10 min.
Note: Invert the tubes multiple times during the incubation period.

5. Move the samples into cuvettes and detect the formation of N-a-acetyl-S-(1-hydroxy-2-oxo-
prop-1-yl)cysteine by measuring absorbance at 288 nm using a spectrophotometer.
Note: If the sample absorbance falls outside of the standard curve, dilute the sample and redo

the reaction starting at Step E1.

Data analysis

1. Using the methylglyoxal standard curve shown in Figure 4, determine the methylglyoxal
concentration (mM) in the samples by (Abszss — intercept)/slope.

2. Multiply the value obtained by 20 [20 being the dilution factor (1,000 pl total volume/50 pl of the
sample) for the example given above].

Note: If the samples were diluted before measurement, include that dilution factor in the
calculation.

3. Determine the total methylglyoxal content of a leaf sample (umol g fresh weight) by multiplying
the methylglyoxal concentration (mM) by the extracted sample volume (ml) and dividing by the
leaf fresh weight (g).

4. Average the two technical replicates for the value of a biological replicate. Then, determine the
value of each time point by calculating the average of the different biological replicates.
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Recipes

100 mM Methylglyoxal (prepared fresh)

Add 15.4 pul of methylglyoxal to 984.6 ul ddH20

100 mM NaH2PO4 buffer (pH 7.0) (prepared fresh)

Dissolve 0.599 g NaH2PO4 in 50 ml ddH20. Bring to pH 7 with 10 mM NaOH
500 mM N-acetyl-L-cysteine (prepared fresh)

Dissolve 81.5 mg N-acetyl-L-cysteine in 1 ml NaH2PO4 buffer (pH 7.0)
5% Perchloric Acid

Add 1.79 ml 70% Perchloric acid to 23.21 ml ddH20

1 M CK203

Dissolve 6.91 g CK203 in 50 ml ddH20

10 mM NaOH

Dissolve 0.4 g of NaOH pellets in 1,000 ml ddH20
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