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ABSTRACT 
This research work provides a detailed method for the simultaneous isolation of pure, intact 
chloroplasts and mitochondria from mature leaves of the halophyte model Ice plants collected at the 
same time of the same biological samples and their protein extraction. The protocol includes three 
main steps: (1) Simultaneous isolation of pure, intact chloroplasts and mitochondria; (2) 
Chloroplasts and mitochondrial protein extraction and purification; and (3) Chloroplasts and 
mitochondrial protein determination by EZQ kit. The modifications in this method are: Using a 
Polytron homogeniser to disrupt and release of organelles and prepare Percoll gradient with a 
Masterflex pump. The protease inhibitor cocktail plus 1 μM Leupeptin and 1 μM E-64 were added 
to the grinding and protein extraction buffer to control the activity of plant-specific proteases and 
minimise protein degradation within the samples. The chloroplast and mitochondrial protein 
concentration was determined using an EZQ™ Protein Quantification Kit (R33200) from Molecular 
Probes™ according to the manufacturer's instructions. 
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INTRODUCTION 
 
Ice plant is one of CAM species that is extremely 
tolerant to high salinity and drought stresses so it 
has attracted the attention of CAM experts 
interested in understanding the genetic 
mechanisms of transitioning from C3 
photosynthesis to CAM and the identification of 
gene products that function in the CAM pathway 
[1]. However, most research efforts have been 
conducted mainly conducted on total cell extracts, 
but not on isolated organelles such as 
mitochondria, chloroplasts, and nuclei [2,3]. 
Among the organelles of a plant, chloroplast and 
mitochondria play important roles in 
photosynthesis and respiration, respectively. In 
fact, many protocols have been designed to isolate 

and purify chloroplast or mitochondria 
individually for determining the physiological 
function of each organelle. Rödiger et al. [4], Lang 
et al. [5] published protocols for the simultaneous 
isolation of pure and intact chloroplasts and 
mitochondria from a single sample of plant or 
moss tissue, respectively. The results obtained 
from the simultaneous isolation of chloroplast and 
mitochondria from ice plant leaves under well-
watered and water-deficit stressed treatment 
conditions and the analysis of the proteins isolated 
from these organelles by two-dimensional gel 
electrophoresis analysis has been published 
recently [6]. The method of each assay will be 
described in detail to enable researchers to carry 
out the simultaneous isolation of chloroplast and 
mitochondria from ice plant leaves effectively. 
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The simultaneous isolation of pure, intact 
chloroplasts and mitochondria from mature leaves 
of ice plant allows proteins to be isolated from 
each organelle for downstream comparative 
studies. 
 

METHOD DETAILS 
  
Ice Plant Preparation 
 
Ice plants seeds, sodium hypochlorite (NaClO), 
sterile distilled water, agar, Murashige and Skoog 
(MS, 1962) nutrient medium, sucrose, double 
distilled water (DDW), sterile nylon bags, plastic 
pots, culture room, Hoagland’s solution, soil, and 
sand. 
 

Procedure 
 

1. Ice plants seeds were washed under running 
tap water, sterilised in a 100% sodium 
hypochlorite (NaClO) solution for 2 min, 
and then washed five times with sterile 
distilled water.  

2. The seeds were inoculated and germinated 
on the surface of MS nutrient medium with 
3% sucrose, 0.8% agar in sterile nylon bags 
and kept in the culture room.  

3. Approximately 80% of seeds germinated 
and grew well after 7-10 days.  

4. Ice plants plantlets with well-developed 
leaves (4-6 cm in length) and roots (3-4 cm 
in length) were removed from the nylon 
bags and washed thoroughly in running tap 
water.  

5. The plantlets were then transferred to 
plastic pots containing soil and sand (1:1) 
and placed in a greenhouse for 
acclimatisation for two weeks before being 
transplanted to natural conditions.  

6. The plants were watered daily every second 
day with tap water when less than 4 weeks 
old or daily as they reached maturity.  

7. Additionally, the plants were irrigated once 
a week with 0.5X Hoagland’s solution until 
five weeks old in a greenhouse before use 
as experimental materials.  

8. Ten days before beginning the experiments, 
the plants were kept in a growth chamber 
for a 12/12h light/dark photoperiod.  

9. The temperature in the growth chamber was 
maintained at 25°C during both 

photoperiods with a relative humidity of 
70% and photosynthetically active radiation 
of 400 mol m-2s-1 measured at the top of 
the plants.  

10. The leaves were harvested and transported 
to the laboratory, rinsed thoroughly with 
distilled water, and used immediately for 
mitochondria and chloroplast isolation (Fig. 
1).  

 

Simultaneous Mitochondria and Chloroplast 
Isolation and Purification 
 

Sorbitol, HEPES-KOH, bovine serum albumin 
(BSA), Polyvinylpyrrolidone, PVP40 (Sigma-
Aldrich, Inc., St. Louis, MO, USA), EDTA, 
dithiothreitol (DTT), MgCl2•6 H2O, Leupeptin 
(Sigma-Aldrich, Inc., St. Louis, MO),  rotease 
inhibitor cocktail (PIC, 539133 Set VI, 
Calbiochem-MilliporeSigma, Burlington, MA, 
USA), sucrose, Tris-HCl, E64 (Sigma-Aldrich, 
Inc., St. Louis, MO), Percoll®, centrifuge, Pasteur 
pipette, Miracloth (Calbiochem-MilliporeSigma), 
centrifuge tubes, paintbrush, Corex® centrifuge 
tubes, thin glass pipette, Polytron® homogeniser 
(Kinematica, Inc., Bohemia, NY, USA (Fig. 3A), 
Masterflex® pump (Cole-Parmer, Vernon Hills, 
IL, USA)  (Fig. 3B). 
 

Buffers  
 
Grinding buffer: 300 mM sorbitol, 50 mM 
HEPES-KOH (pH = 7.4), 0.1% (w/v) bovine 
serum albumin (BSA), 1% (w/v) 
Polyvinylpyrrolidone PVP40, 2 mM EDTA-KOH 
(pH 7.4), 1 mM dithiothreitol (DTT), 1 mM 
MgCl2•6 H2O, 1 M Leupeptin, 0.2% (v/v) 
protease inhibitor cocktail (PIC, 539133 Set VI), 
and 1 M E64.  
 

Washing buffer: 300 mM sorbitol, 300 mM 
sucrose, 5 mM EDTA-KOH (pH = 7.4), 50 mM 
HEPES-KOH (pH = 7.4). 
 

Gradient buffer: 50 mM HEPES-KOH (pH = 7.4), 
0.1% (w/v) DTT (added just before Percoll® 
gradient preparation step), 1 mM MgCl2•6 H2O, 2 
mM EDTA-KOH (pH = 7.4), and 300 mM 
sucrose.  
 

Procedure  
 

1. Percoll® gradient preparation 



 

Fig. 1.  Ice plant preparation steps for isolating chloroplasts and mitochondria. (1) Murashige Skoog (MS) 
culture medium preparation in nylon bags; (2) Seed implantation; (3) Germinating; (4, 5, 
development stages of ice plants in the greenhouse
 

 

Fig. 2. Workflow of the simultaneous chloroplasts and mitochondrial protein preparation of 
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Fig. 1.  Ice plant preparation steps for isolating chloroplasts and mitochondria. (1) Murashige Skoog (MS) 
culture medium preparation in nylon bags; (2) Seed implantation; (3) Germinating; (4, 5, 6) Growth and 

plants in the greenhouse 

 

Fig. 2. Workflow of the simultaneous chloroplasts and mitochondrial protein preparation of ice plants
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Fig. 1.  Ice plant preparation steps for isolating chloroplasts and mitochondria. (1) Murashige Skoog (MS) 
6) Growth and 

 

ice plants 



 

Fig. 3. Machines using in simultaneous isolation of chloroplasts and mitochondria from 
Polytron® homogeniser; (B): Masterflex® pump for Percoll
 

Table 1. Preparation of Percoll® gradient 
 

Percoll
®
 gradient (%) Percoll

®
 100% (ml)

30 9.0 
80 24.0 
13 2.6 
21 4.2 
45 9.0 

 

Mitochondria and Chloroplast Isolation 
Purification Protocol  
 

Graphical abstract  
 

1. Approximately 40 g of mature ice plant 
leaves were used for chloroplasts and 
mitochondria preparation simultaneously

2. The leaves (the central portion of each leaf) 
were sliced into 0.2-cm-thick strips with 
scissors and homogenised with 200 ml of 
ice-cold grinding buffer [using a Polytron
homogeniser for 30 seconds at high cell 
disruption and release of organelles (Fig. 
3A).   

3. After filtration through four layers of sterile 
Miracloth, the homogenate was centrifuged 
at 1,500 x g (~ 3,000 RPM with 
HB-4 rotor) for 10 min at 4°C.  

4. The pellets were collected for chloroplast 
isolation while the supernatant was 
decanted into new centrifuge tubes and 
used for the isolation of mitochondria. 

5. The Percoll® gradients for chloroplast 
purification were made by carefully adding 
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Machines using in simultaneous isolation of chloroplasts and mitochondria from ice plants
pump for Percoll® solution preparation 

100% (ml) Gradient buffer (ml) Final volume (ml)

21.0 30 
6.0 30 

17.4 20 
15.8 20 
11.0 20 

Chloroplast Isolation and 

ice plant 
chloroplasts and 
simultaneously.  

The leaves (the central portion of each leaf) 
thick strips with 

scissors and homogenised with 200 ml of 
grinding buffer [using a Polytron® 

homogeniser for 30 seconds at high cell 
disruption and release of organelles (Fig. 

After filtration through four layers of sterile 
Miracloth, the homogenate was centrifuged 

with Sorvall 

The pellets were collected for chloroplast 
isolation while the supernatant was 
decanted into new centrifuge tubes and 
used for the isolation of mitochondria.  

gradients for chloroplast 
refully adding 

15 ml of 80% Percoll®/gradient buffer to 
the bottom and then 15 ml of 30% 
Percoll®/gradient buffer was carefully 
layered on top of the 80% Percoll layer of 
each Corex® centrifuge tube (2 tubes), 
using a Masterflex® pump.  

6. The cannula tip should touch the tube wall 
at the top of the meniscus and the cannula 
should be pulled up at the same rate as the 
liquid is delivered, moving the cannula  
slowly up the side of the tube so that the 
impact on the 80% layer is minimal.  

7. A similar preparation was conducted with 
10 ml each of 45%, 21% and 13% Percoll
media for mitochondrial purification. 

8. For chloroplast isolation and purification, 
the pellets of the first centrifugation step 
were carefully resuspended in 
approximately 2 ml of washing buffer u
a fine paintbrush, and added to the top of 
Corex® centrifuge tubes containing 15 ml 
each of 30% and 80% Percoll® gradient 
solutions (see above), and centrifuged at 
18,000 x g for 20 min at 4°C. 
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Final volume (ml) 

/gradient buffer to 
the bottom and then 15 ml of 30% 

/gradient buffer was carefully 
layered on top of the 80% Percoll layer of 

centrifuge tube (2 tubes), 

should touch the tube wall 
cannula 

should be pulled up at the same rate as the 
cannula  

slowly up the side of the tube so that the 
 

was conducted with 
10 ml each of 45%, 21% and 13% Percoll® 

  
For chloroplast isolation and purification, 
the pellets of the first centrifugation step 
were carefully resuspended in 
approximately 2 ml of washing buffer using 
a fine paintbrush, and added to the top of 

centrifuge tubes containing 15 ml 
gradient 

solutions (see above), and centrifuged at 
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9. After centrifugation, the broken 
chloroplasts migrated to the top, forming a 
large green band towards the top of the 
Percoll® layer, whereas the intact 
chloroplasts formed a band light green in 
colour lower in the centrifuge tube.  

10. The intact chloroplasts were then carefully 
removed from the gradient using a Pasteur 
pipette and transferred into the new 
centrifuge tubes with 20 ml wash buffer 
and then centrifuged at 12,000 x g for 20 
min, to remove any residual Percoll®. This 
step was then repeated one more time.  

11. The supernatant was removed and the 
chloroplast pellets were collected for 
protein extraction.  

12. For mitochondrial isolation and 
purification, the supernatant of the first 
centrifugation step was transferred into new 
tubes, balanced and centrifuged at 10,500 x 
g for 20 min.  

13. The pellets were resuspended in 
approximately 10 ml of wash buffer using a 
fine paint brush and centrifuged at 500 x g 
for 5 min.  

14. The supernatant was resuspended in 10 ml 
of wash buffer and centrifuged at 18,000 x 
g for 20 min to collect mitochondria.  

15. The pellets were resuspended in 2 ml of 
wash buffer and then further purified by 
buoyant density centrifugation on a 13%, 
21% and 45% Percoll® step gradient (see 
above) at 21,000 x g for 45 min. 

16. The mitochondria were found in a white 
band at the lower half of the centrifuge tube 
and were removed from the gradient by a 
thin glass pipette.  

17. Both chloroplasts and mitochondria were 
resuspended in 20 ml of wash buffer and 
collected by centrifuging at 12,000 x g for 
20 min.  

18. The supernatant was removed and the  
wash was repeated. After final 
centrifugation, the supernatant was 
removed and both chloroplast and 
mitochondrial pellets were collected for 
protein extraction.  

19. All steps were performed at 4°C and intact 
chloroplast and mitochondria were isolated 
and extracted as quickly as possible to 
prevent loss of protein. 

Mitochondria and Chloroplast Protein 
Extraction for Proteomic Analysis 
 

Chemicals and instrumentation 
 
Beckman Allegra™ centrifuge (Beckman-Coulter, 
Indianapolis, IN, USA), 50 ml Falcon tube, 2 ml 
microfuge tubes micropipette set, vortex mixer, 
ice-cold (-20°C) acetone, model 5417R, 
Eppendorf microcentrifuge (Hauppauge, NY, 
USA), water bath sonicator (Model FS30, Fisher 
Scientific, Pittsburg, PA), Tris-HCl, sucrose, 
EDTA, KCl, -mercaptoethanol, rotease inhibitor 
cocktail, Tris-saturated Phenol (pH = 7.9), 
ammonium acetate, methanol, and acetone.  
 

Prepare Extraction Buffer 
 

Phenol extraction of mitochondrial proteins from 
ice plant, based on procedures from Saravanan et 
et al. [7] Hurkman and Tanaka [8] with slight 
modification. 
 

Buffer Preparation 
 

1. Protein extraction buffer:  
 

0.5 M Tris-HCl pH 7.5. M sucrose, 50 mM 
EDTA, 0.1 mM KCl, 2% (v/v) -mercaptoethanol 
in water, 1% Protease inhibitor cocktail, 1 µM 
Leupeptin and 1 µM E-64. 
 

Note that the protease inhibitor cocktail plus 1 µM 
Leupeptin and 1 µM E-64 were freshly added to 
the protein extraction buffer to control the activity 
of plant-specific proteases.  
 

Tris-saturated Phenol (pH 7.9) 
 
100 mM cold ammonium acetate in methanol 
80% (v/v) acetone solution: 4 volume acetone 
100% and 1 volume water  

 
IEF buffer: 7 M Urea, 2 M Thiourea, 4% CHAPS, 
10 mM DTT, 120 l Destreak™ Reagent (Sigma-
Aldrich, Inc.), 0.5 % CA pH 3-10. 
 

Protocol 
 

1. Add 2 ml protein extraction buffer into sample 
(a ratio of 2:1) (If the sample is less than 1ml, add 
2 ml extraction buffer to sample), vortex sample 
for 30 sec, let stand at 4°C for 10 min. 



2. Add a volume of Tris-saturated Phenol pH = 7.9 
equal to the volume of extraction buffer, vortex 
for 30 sec, let stand 30 min at 4°C with vortexing 
every 10 min for 30 sec. 
 

3. Balance and centrifuge 15 ml Falcon tubes with 
each sample at 3650 x g and 4°C for 30 min.
 
4. Remove phenol (upper) phase (~1.5 ml) from 
15 ml Falcon tubes with a pipette and place phenol 
phase into the second set of 15 ml Falcon 
Percoll®. 
 

 

Fig. 4. A comparison of Percoll® step gradients after centrifugation with intact chloroplasts (A) or 
mitochondria (B) from ice plant (I) [6] and moss
are given for the different layers. M1 mitochondrial fraction 1, M2 mitochondrial fraction 2; 
chloroplast are located in the lower part of the gradient (C); the 
gradient consists of chloroplast debris (D) 
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saturated Phenol pH = 7.9 
equal to the volume of extraction buffer, vortex 
for 30 sec, let stand 30 min at 4°C with vortexing 

3. Balance and centrifuge 15 ml Falcon tubes with 
and 4°C for 30 min. 

4. Remove phenol (upper) phase (~1.5 ml) from 
15 ml Falcon tubes with a pipette and place phenol 
phase into the second set of 15 ml Falcon tubes. 

5. Add a volume of protein extraction buffer 
equal to the volume of phenol into each of the 15 
ml Falcon tubes containing samples (add 1.6 ml), 
vortex 30 sec, let stand 30 min at 4°C 
with vortexing every 10 min, cent
15 ml Falcon tubes at 3650 x g and 4°C for 30 
min. 
 

6. Remove phenol phase (~1.0 ml) from 15 ml 
Falcon tubes with a pipette and place phenol phase 
into the third set of 15 ml Falcon tubes. 

 

step gradients after centrifugation with intact chloroplasts (A) or 
and moss (II) [5], respectively. Percentages of Percoll® in a buffer 

are given for the different layers. M1 mitochondrial fraction 1, M2 mitochondrial fraction 2; 
chloroplast are located in the lower part of the gradient (C); the greenish band in the upper part of the 
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5. Add a volume of protein extraction buffer  
equal to the volume of phenol into each of the 15 
ml Falcon tubes containing samples (add 1.6 ml), 
vortex 30 sec, let stand 30 min at 4°C                       
with vortexing every 10 min, centrifuge                   

and 4°C for 30 

6. Remove phenol phase (~1.0 ml) from 15 ml 
Falcon tubes with a pipette and place phenol phase 

step gradients after centrifugation with intact chloroplasts (A) or 
in a buffer 

are given for the different layers. M1 mitochondrial fraction 1, M2 mitochondrial fraction 2; Intact 
greenish band in the upper part of the 



 
Fig. 5. Images showing (A): drying of isolated
mitochondrial protein, (C), chloroplast protein extraction
kit with strandards (Std1-2), well-watered 
(D1-3, DI-III) from ice plant 
 

7. Add 5 volumes cold methanolic ammonium 
acetate to each Falcon tube, Vortex vortex 30 sec, 
let stand 3 hours at -20°C turning the every 10 min 
(or overnight). 
 

8. Centrifuge 15 ml Falcon tubes at 3650 
4°C for 30 min. 
 

9. Discard supernatant from each 15 ml Falcon 
tube. 
 

10. Add 2 ml cold methanol to each Falcon tube, 
vortex 30 sec, let stand 1 hour at -20°C with 
turning the tube every 10 min. 
 

11. Centrifuge 15 ml Falcon tubes at 3650 
4°C for 30 min  
 

12. Discard supernatant from each 15 ml Falcon 
tube. 
 

13. Add 2 ml cold acetone to each Falcon tube, 
vortex 30 sec, let stand 1 hour at -20°C turning the 
tube every 10 min. 
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drying of isolated organellar proteins with a stream of nitrogen, (M) 
chloroplast protein extraction, and (D) determining protein amounts by EZQ 

watered control samples (C1-3, CI-III) and drought-stressed samples 

7. Add 5 volumes cold methanolic ammonium 
vortex 30 sec, 

20°C turning the every 10 min 

8. Centrifuge 15 ml Falcon tubes at 3650 x g and 

9. Discard supernatant from each 15 ml Falcon 

10. Add 2 ml cold methanol to each Falcon tube, 
20°C with 

11. Centrifuge 15 ml Falcon tubes at 3650 x g at 

12. Discard supernatant from each 15 ml Falcon 

13. Add 2 ml cold acetone to each Falcon tube, 
20°C turning the 

14. Centrifuge 15 ml Falcon tubes at 3650 x g
4°C for 30 min. 
 

15. After centrifugation, transfer pellets to 2 ml 
Eppendorf tubes for cold acetone washing. 
 

16. Add 2 ml cold acetone to each 2ml Eppendorf 
tubes, vortex 30 sec, let stand 1 hour at 
turning the tube every 10 min. 
 
17. Centrifuge 2 ml Eppendorf tubes at 10.000 
and 4°C for 10 min. Repeat this step 1X. 
 
18. Dry pellets under a stream of Nitrogen gas 
(Fig. 4C). Do not let pellets dry completely. 
 

19. When pellets are almost dry, resuspend in IEF 
buffer by adding appropriate amount IEF buffer to 
2 ml Eppendorf tubes (4 mg/ml protein in buffer is 
ideal). Begin by adding a small volume of IEF 
buffer and vortexing. Dilute to 2 mg/ml after 
protein quantification, let stand 2 hours at 4ºC to 
re-solubilise proteins with occasional vortexing.
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, (M) total 
by EZQ 
samples 

x g and 

15. After centrifugation, transfer pellets to 2 ml 

Eppendorf 
tubes, vortex 30 sec, let stand 1 hour at -20°C 

17. Centrifuge 2 ml Eppendorf tubes at 10.000 x g 

Dry pellets under a stream of Nitrogen gas 
Do not let pellets dry completely.  

19. When pellets are almost dry, resuspend in IEF 
buffer by adding appropriate amount IEF buffer to 
2 ml Eppendorf tubes (4 mg/ml protein in buffer is 
ideal). Begin by adding a small volume of IEF 

Dilute to 2 mg/ml after 
protein quantification, let stand 2 hours at 4ºC to 

solubilise proteins with occasional vortexing. 
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20. Add additional volumes of IEF buffer as 
needed to completely resuspend protein pellet, 
vortex 30 sec. 
 

21. Centrifuge resuspended sample at 1000 x g at 
4°C for 10 min. 
 

22. Collect supernatant. This is the resuspended 
protein sample. Store at -80ºC until further use. 
 

23. Quantify proteins with EZQ assay. 
 

CONCLUSION 
 

The present work provides a detailed method for 
the simultaneous isolation of pure, intact 
chloroplasts and mitochondria from mature leaves 
of the ice plant collected at the same time of the 
same biological samples and their subsequent 
protein extraction. The protease inhibitor cocktail 
plus 1 μM Leupeptin and 1 μM E-64 were added 
to the grinding and protein extraction buffer to 
control the activity of plant-specific proteases and 
minimise protein degradation within the samples. 
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