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[Abstract] This protocol provides an efficient method for preparation of high-quality proteins from
rice leaves and grains. The method involves phenol extraction to separate proteins from the
non-protein components such as polysaccharides, lipids and phenolic compounds that are
commonly enriched in plant tissues. Following isolation, proteins are precipitated with ammonium
acetate/methanol and then solubilized for proteomic analysis. As the protocol is simple, universal,
and most importantly compatible with silver staining, it has been applied to our routine protein
extraction from rice and many other plant tissues and it even works fine in animal tissues for the
requirement of electrophoretic separation.

Materials and Reagents

1. Tainung 67
Note: TNG67, an elite japonica type rice variety, has been a leading variety in Taiwan for
more than 30 years since it been released in 1978.

2. SA0420
Note: An aroma mutant, exhibits an agreeable taro-like flavor, was selected from the
TNG67 mutation pool developed via sodium azide mutagenesis.

3. Liquid nitrogen

4. Acetone (Merck KGaA, catalog number: 1.00012.4000)

5. NH4OAc (Merck KGaA, catalog number: 1.01116.1000)

6. DTT (Merck KGaA, catalog number: 1.11474.0001)

7. CHAPS (GE Healthcare, catalog number: 17-1314-01)

8. HCI (Merck KGaA, catalog number: 1.09063.1000)

9. 2-mercaptoethanol (Sigma-Aldrich, catalog number: M6250)

10. 2-propanol (Merck KGaA, catalog number: 1.09634.2500)

11. Methanol (Merck KGaA, catalog humber: 1.06007.4000)

12. NaCl (Merck KGaA, catalog number: 7710CN)

13. NaOH (Merck KGaA, catalog number: 1.06469.1000)

14. KCI (Merck KGaA, catalog number: 1.04936.1000)

15. PMSF (Merck KGaA, catalog number: 52332)
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16. Phenol (saturated, pH 6.6/7.9) (AMRESCO, catalog number: 0945)
17. PVPP (Merck KGaA, catalog number: 1.07302.0100)

18. Seasand (Merck KGaA, catalog number: 107711)

19. Sucrose (GERBU Biotechnik GmbH, catalog number: 1366)

20. Triton X-100 (GERBU Biotechnik GmbH, catalog number: 2000)
21. Tris-base (AMRESCO, catalog number: 0497)

22. Urea (AMRESCO, catalog number: 0378)

23. Miracloth (Calbiochem®, catalog number: 475855-1R)

24. Extraction buffer (see Recipes)

25. Precipitation buffer (see Recipes)

26. 0.5 M EDTA (see Recipes)

27. Lysis buffer (see Recipes)

28. 40 mM PMSF (see Recipes)

Equipment

1. Mortar (® 9 cm) and pestle (attached with ® 12 cm mortar) (Figure 1)

Figure 1. Mortar and pestle

2. Pipetman (Gilson, model: p5000, p1000, p200, p100, p20 and p10)

3. High-Speed Refrigerated Centrifuges and No.46 Rotor (Hitachi, model: himac CR22F)

4. 50 ml centrifuge tube (Thermo Fisher Scientific, Nalgene®, model: 3119-0050)

5. -20 °C refrigerator (Firstek Scientific, model: F-25)

6. SpeedVac system (Thermo Fisher Scientific, model: SPD speed Vac and UVS400
universal vacuum system)

7. Ultrasonic machine (ULTRASONIC, model: LC130H)

8. Chemical fume hood (CHUNG FU, model: HAP-090)
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Procedure

A. Preparation of protein samples from rice leaves

1.

10.

11.

Cut 0.5 g fresh or -80 °C frozen leaf samples into small pieces, add little sea sand (Figure
2A) and freeze the tissue by pouring liquid nitrogen on the cut leaves in the mortar (Video
1).

Grind the tissue to a fine powder, using a mortar and pestle (Figure 2B, Video 1).

Add 5 ml extraction buffer and immediately grind the sample until foaming (Figure 2C,
Video 1).

Add 0.5 g PVPP and grind completely. Then add 5 ml extraction buffer and grind the
sample until foaming (Video 1).

Add 250 pl 40 mM PMSF and 5 ml extraction buffer, and then grind the mixture until
foaming (Video 1).

Transfer the homogenate into a sterilized 50 ml centrifuge tube (Video 1).

The remaining plant material sticking on mortar and pestle is rescued by carefully rinsing
mortar and pestle with 5 ml extraction buffer, and poured into the tube and mixed well with
the homogenate (Video 1).

Centrifuge 20 min at 15,000 rpm (in No. 46 Rotor), 4 °C.

Filter the supernatant through 2 layers of Miracloth into another fresh tube (Figure 2F).
Extract the filtrate with an equal volume of buffer saturated phenol (about 16 ml). Mix well
by inversion. Centrifuge 20 min at 15,000 rpm, 4 °C.

Transfer the top layer (phenol phase) into another fresh tube (Figure 2G and 2H).

Figure 2. Preparation of protein sample. A-E. Leaves were ground and extracted by
extraction buffer. F-H. Protein sample was purified by phenol extraction.
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12. Extract the phenol phase with an equal volume of cold extraction buffer twice (1st 14 ml

13.

14

15

16

17

18

19

and 2nd 12 ml, respectively). Mix well by inversion. Centrifuge 20 min at 15,000 rpm, 4 °C.

Recover the top layer (phenol phase).

Add 3x volume of cooled precipitation buffer to the recovered phenol phase and mix well

by inversion.

. Incubate at -20 °C for 4 h (or even overnight) to precipitate the proteins. Then centrifuge
20 min at 15,000 rpm, 4 °C and discard the supernatant.

. Wash the pellet with 1.8 ml precipitation buffer twice. Recover the pellet by centrifugation
at 8,000 rpm for 5 min.

. Wash the pellet with 1 ml of cold 100% acetone containing with 0.7 yl 2-mercaptoethanol
(14.3 M). Recover the pellet by centrifugation at 8,000 rpm for 5 min.

. Dry the pellet by SpeedVac for about 2-3 min (less than 5 min) and resuspend in an
appropriate volume of lysis buffer.

. The protein samples can be quantified by Bradford method (Bradford, 1976) and stored at
-20 °C.

. The obtained protein samples can be used for proteomic analysis (Lin et al., 2014; Liu et
al., 2012) or Western blot (Lin and Jeang, 2005) (Figure 3).
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Figure 3. Proteomic analysis and Western blot analysis. A. Proteomic analysis of leaf
proteins from various rice varieties. B. Proteomic analysis of taro leaf proteins and western
blotting probed with anti-SSSI (Lin and Jeang, 2005).
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B. Preparation of the protein samples from rice grains

1.
2.

10.

11.

Freeze 0.5 g dehulled grains (rice grains without glumes) by liquid nitrogen.

Place the frozen tissue in a mortar containing little seasand and liquid nitrogen. Grind the
tissue to a powder with the mortar and pestle.

Add 10 ml extraction buffer, contains with 140 ul 40 mM PMSF. Grind sample for 2 min or
to a homogenate and then transfer into a sterilized 50 ml centrifuge tube.

Centrifuge 20 min at 15,000 rpm (in No. 46 Rotor), 4 °C. Transfer the supernatant into
another fresh tube.

Add 3x volume of cold 0.1 M NHsOAc/Methanol/10 mM 2-mercaptoethanol to the
recovered phenol phase and mix well by inversion.

Incubate at -20 °C for 4 h (or overnight) to precipitate the proteins. Then centrifuge 20 min
at 15,000 rpm, 4 °C and discard the supernatant.

Wash the pellet with 1.8 ml 0.1 M NH4OAc/ Methanol/ 10 mM 2-mercaptoethanol twice.
Recover the pellet by centrifugation at 8,000 rpm for 5 min.

Wash the pellet with 1 ml of cold 100% acetone containing with 0.7 pl 2-mercaptoethanol
(14.3 M). Recover the pellet by centrifugation at 8,000 rpm for 5 min.

Dry the pellet by the SpeedVac system for about 2-3 min (less than 5 min) and resuspend
in an appropriate volume of lysis buffer.

The protein samples can be quantified by Bradford method (Bradford, 1976) and stored at
-20 °C.

The obtained protein samples can be used for proteomic analysis or Western blot.

Representative data

1.

Video 1. Protein extraction
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Notes

1.

In this protocol, the critical steps which affect the yield and intactness of protein samples

are as follows:

a. The lyophilized sample is not recommended, because some dehydrated proteins
might be difficult to dissolve in the extraction buffer.

b. The complete homogenization can be achieved by grinding the samples in extraction
buffer (see Video 1).

c. Do not dry the pellet too long in the step B9. It takes about 2-3 min (less than 5 min).
The over-dried pellet will be very difficult to resuspend and dissolve completely in the
lysis buffer.

d. Resuspension of protein sample can be achieved by placing the Eppendorf tube
containing the protein solution into an ice cold ultrasonication bath (Figure 4).

ULTRASONIC LC130H
T

0

Figure 4. The dissolution of protein with ultrasonic vibration. Left panel is the
ultrasonic machine. Right panel shows the protein sample is resuspending in the cold bath

with ultrasonication.

2. Phenol waste has to be stored separately in a glass bottle that can be properly sealed.
Phenol waste has to be discarded according to the chemical waste regulations of
respective institution.

Recipes
1. Extraction buffer

23.96 g Sucrose
6.05 g Tris-base
10 ml 0.5 M EDTA (pH 8.0)
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0.75 g KCI

250 pl HCI

2 ml 2-mercaptoethanol

Add dH20 to 100 ml

Note: This buffer should be prepared freshly and pre-cooled at 4 °C.
2. Precipitation buffer

1.54 g NH4OAc

140 pl 2-mercaptoethanol (14.3 M)

Add methanol to 200 ml and stored at -20 °C
3. 0.5 MEDTA (pH 8.0)

186.1 g EDTA

800 ml dH20

Adjust pH to 8.0 with NaOH (about 20 g NaOH)

Add dH20 to 1,000 ml, autoclave and store at room temperature
4. Lysis buffer

57 g Urea

4 ml Triton X-100

4 g CHAPS

484.4 mg Tris-base

231.4 mg DTT

Add dH20 to 100 ml, dispense in 1ml/ tube and stored at -20 °C
5. 40 mM PMSF

6.96 mg PMSF

Add 2-propanol to 1 ml and stored at -20 °C
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