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Abstract

Cell subfractionation is a common technique employed in many research laboratories to isolate organelles or
intracellular compartments for the study of metabolism or biomolecule purification. While numerous protocols
exist for isolating organelles, few are specifically designed for starting materials in the milligram range. Here,
we present a detailed milligram-scale miniprep protocol for purifying intact chloroplasts from Arabidopsis
thaliana leaves. This chloroplast miniprep procedure is suitable for applications such as confocal microscopy,

western blotting, enzymatic assays, and other downstream analyses.

Key features

e This protocol condenses key aspects of existing methods and adapts them to the miniprep scale.
e Researchers can isolate purified chloroplasts within 1.5 h.
e This protocol requires standard laboratory equipment, such as microcentrifuges (ultracentrifuges are not

required).
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Background

Differential centrifugation has substantially enriched available toolkits in cell biology and biochemistry. For
example, decades ago, Bensley and Hoerr successfully isolated mitochondria from guinea pig and rabbit liver
tissue [1]; later, Chen and Lehninger refined such procedures in higher plants [2]. Around the same time, Walker
developed a method for efficiently isolating chloroplasts using sorbitol as osmotic support, enabling successful
carbon fixation studies [3]. Later, isopycnic centrifugation protocols allowed for the recovery of highly pure
organelle preparations with good yields, albeit requiring substantial quantities of starting material (~100 g) [4].
While these experiments sparked research on isolated organelles, most protocols required starting material
quantities in the gram range [5].

During the 1990s, the successful introduction of optimized procedures to isolate DNA, known as minipreps,
standardized DNA isolation and manipulation in thousands of laboratories around the world. This allowed the
rapid isolation of DNA from bacteria, filamentous microorganisms, and even plants [6-9]. These preparations
are typically purchased as kits offering different isolation scales (i.e., minipreps, midipreps, and even maxipreps).
Kits specifically designed to isolate various biological materials, including mitochondria, nuclei, or chloroplasts,
are also available at different scales and costs. However, most of these kits are either expensive or difficult to
obtain in several countries. An effective chloroplast isolation protocol should require minimal biological and
laboratory materials. In addition, organelle isolation should be completed as quickly as possible to ensure
functional chloroplasts for downstream applications.

The purpose of this protocol is to provide easy-to-follow instructions for isolating intact chloroplasts from leaves
in an inexpensive manner, using standard equipment and materials. It requires only small amounts of starting
biological material and has the potential for portability (i.e., in-field isolations). The isolated chloroplasts are

suitable for western blotting, microscopy, and omics analyses.
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Materials and reagents

Biological materials
1. Arabidopsis thaliana natural accession Col-0 (Columbia) (ABRC, CS22625)
Reagents

. Agar (Sigma-Aldrich, catalog number: A1296-500G)

. Tween 20 (Sigma-Aldrich, catalog number: P9416-100ML)

. Commercial bleach solution containing 6% NaOCl

. D-Mannitol (Sigma-Aldrich, catalog number: M1902-5KG)

. EDTA (J. T. Baker, catalog number: 8993-01)

. Hoagland solution (Sigma-Aldrich, catalog number: H2395-10L); use full-strength solution
. KCl (1 M stock) (J. T. Baker, catalog number: 3040)

. K,HPO, (J. T. Baker, catalog number: 3252-01)

. MgCl, (2 M stock) (J. T. Baker, catalog number: 2444-01)

10. Miracle-Gro 8 and Miracle Gro perlite (The Scotts Miracle-Gro Company, model: 70752300)
11. Murashige and Skoog (MS) basal medium (Merck, catalog number: M5519)

12. Percoll (GE Healthcare, catalog number: 17-0891-02)

13. Sucrose (Sigma-Aldrich, catalog number: S7903-5KG)

14. Trizma base pH = 7.5 (1 M stock) (Sigma-Aldrich, catalog number: RDD008-1KG)

15. Sunshine Mix 3 substrate (Sungro Horticulture)

16. Anti-PsaB (Agrisera, catalog number: AS10 695)

17. Anti-Actin (Sigma-Aldrich, catalog number: A0480)
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Solutions

1. Chloroplast isolation (CI) buffer (see Recipes)

Recipes
1. Chloroplast isolation (CI) buffer

Reagent Final concentration Quantity or Volume
Sucrose 400 mM 274¢

MgCl, 5 mM 0.5 mL

KCl 10 mM 2 mL

Trizma pH 7.5 20 mM 4 mL

Milli-Q Water Make up to 200 mL

Laboratory supplies

1. Eppendorf tubes (Sigma-Aldrich, catalog number: EP022431021)
2. Pellet pestles (Sigma-Aldrich, catalog number: Z359947)
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. Microscope slides (Sigma-Aldrich, catalog number: CLS294875X25)
. Pipettes (2-20 pL, 20-200 pL, and 100-1,000 pL)

. Precision tweezers (Sigma-Aldrich, catalog number: Z680273)

. Coverslips

. Dissecting scissors (Merck, catalog number: Z265969)

. Miracloth (Merck, catalog number: 475855)
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Equipment

. Autoclave

. Epifluorescence or confocal microscope

. Laminar flow hood for MS medium preparation

. pH potentiometer

. Vacuum pump

. Plant incubation chamber (HERATherm, Thermo, catalog number: 50125590)
. Lordem LED Grow Light (Lordem, catalog number: HL-0026)

. Mini ceramic mortar and pestle (Sigma-Aldrich, catalog number: Z247464)
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. MC-24R refrigerated microcentrifuge (Benchmark Scientific, catalog number: C2417-R)

Procedure

Isolated chloroplasts can be obtained from either cotyledons or true leaves. However, to achieve the desired
yields, sufficient initial biological material is required [10]. Reagents such as agar, MS medium, bleach, Tween
20, Hoagland solution, and substrate components (e.g., Sunshine Mix 3, perlite) are included in the materials
list as they are used for seed sterilization, stratification, and plant cultivation steps prior to chloroplast isolation,
following previously described procedures [11]. This protocol is designed to extract chloroplasts from a
minimum of 0.3 g of starting material, making it more practical to use 4-week-old plants grown under standard
conditions (16/8 h light/dark, 22 °C, ~100-150 umol'm?-s* light intensity) rather than younger seedlings. If
seedlings are chosen, it will be necessary to germinate many seeds to obtain the minimal mass required for this
method to be effective. Conversely, working with leaves from mature plants will simplify this protocol as it will

result in higher yields. We recommend 0.5 g of starting material to achieve good yields.

A. Percoll gradient generation and chloroplast isolation (time for completion: 1.5 h)

1. Ensure the leaves, buffers, and materials are kept below 4 °C during the process.

2. Generate a Percoll gradient by centrifuging 0.9 mL of Percoll and 0.1 mL of 2.5 M sucrose in an Eppendorf
tube at 16,000 X g for 30 min. Use soft braking, if possible, to avoid disturbing the gradient.

3. Cut and weigh ~0.3-0.5 g of true leaves out of the desired plants.

4. Grind leaves in 1 mL of ice-cold CI buffer per 0.1 g of leaf tissue using an ice-cold mini ceramic mortar.
Critical: Make sure leaf tissue is thoroughly homogenized (15-20 pestle passes should suffice for 0.5 g). On the

other hand, excessive homogenization can yield broken chloroplasts.
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Optional: If the samples require gentler homogenization, Teflon pellet pestles can be used to lyse leaf cells
within Eppendorf tubes.

5. Filter the homogenate through a funnel using a 3 cm X 3 cm piece of Miracloth premoistened with CI buffer
and distribute evenly into clean, prechilled Eppendorf tubes (Figure 1).

Optional: If Miracloth is not available, filtering can be achieved with Muslin cloth, nylon mesh filters, or four

layers of cheesecloth.

A

Figure 1. Chloroplast homogenization, filtering, Percoll gradient separation, and yield determination.
(A) Suggested extent of homogenization. (B) Homogenate filtration using a prechilled Miracloth with buffer to
prevent organelle degradation. (C) After centrifugation in a tube with a preformed Percoll gradient, two green
bands should form, with cell debris collected in the pellet. The band in the middle indicates intact chloroplasts
(green arrow), the upper band corresponds to broken chloroplasts (yellow arrow), and cell debris is collected at
the bottom of the tube (red arrow). (D) Once intact chloroplasts are resuspended and washed, the isolation yield

can be determined using an improved Neubauer chamber. Scale bar represents 100 pum.

6. Spin samples at 3,000 X g for 8 min at 4 °C.

7. Remove the supernatant using a pipette or by applying vacuum through a vacuum line connected to a pipette
tip.

8. Resuspend the pellet (crude chloroplasts) in 0.3 mL of cold CI buffer.

9. Carefully pipette the crude preparation and layer it onto the Percoll gradient.

10. Spin samples at 3,000 x g for 15 min at 4 °C.
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11. Two green bands should form afterward (Figure 1B). The lower band corresponds to the intact chloroplast
samples (Figure 1B, green arrow).

12. Carefully remove the lower band with the aid of a pipette.

13. Place the samples into a new Eppendorf tube.

14. Add CI buffer to a final volume of 1 mL.

15. Spin samples at 3,000 x g for 10 min at 4 °C.

16. Remove supernatant using a pipette or by applying vacuum through a vacuum line connected to a pipette
tip.

17. Resuspend the pellet in ice-cold CI buffer to a final volume of 1 mL.

18. Count chloroplasts with a Newbauer chamber to determine isolation yield.

Pause point: Samples can be either stored at 4 °C for a few hours or used for downstream applications (see
troubleshooting).

19. Purified chloroplasts can be readily used for microscopy, western blotting, enzyme assays, or purification,

among other biochemical or molecular procedures.

Validation of protocol

Purified chloroplasts can be readily assessed under the microscope at 20-40 X . These organelles appear as green
disk-shaped organelles and can be counted with the aid of a Neubauer chamber (Figure 1D). In our hands, a
typical yield of 1-2 x 10° chloroplasts per gram of fresh leaf tissue is attained with this protocol, depending on
the extent of homogenization and the recovery of intact chloroplasts from the Percoll gradient. Alternatively,
organellar protein concentration for western blotting or other applications can be assessed
spectrophotometrically at 280 nm. Typical sample purity assessments include either western blotting against
organellar or cytoplasmic proteins (Figure 2A) or assessing chloroplast structure and morphology using confocal

microscopy approaches (Figure 2B).
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Figure 2. Validation of chloroplast fraction purity and structure. (A) The fractions obtained during
chloroplast purification, including whole lysate, cytoplasmic (Cyto), and chloroplast (Chloro) fractions, can be
assessed for protein markers such as Actin or PsaB to detect cytoplasmic or chloroplast-specific markers,
respectively. (B) Chlorophyll autofluorescence of an isolated chloroplast Z-slice as viewed under the confocal
microscope at 63 X using light at 400nm,,/685nm,,,,. Starch granules appear as dark spots. Scale bar represents

5 um. Representative experiments n = 3.
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Under these conditions, it is possible to determine the lack of contaminating actin on fractions containing
purified chloroplasts, while the core subunit of photosystem I (PsaB) is enriched in the same fractions (Figure

2A). Contamination from other organelles (i.e., mitochondria) is typically absent.

General notes and troubleshooting

General notes

This protocol is designed to isolate chloroplasts at a miniprep scale using standard laboratory equipment. The
yield of each preparation depends on several factors, including plant incubator light intensity, and can be
quantified by standard methods such as chlorophyll content, total protein measurement, or even organelle
counting using an improved Neubauer chamber under appropriate dilution conditions. Although chloroplast
preparations can be refrigerated, enzymatic activity may degrade over time. Therefore, experiments should be

performed within a few hours of isolation to ensure optimal functionality.
Troubleshooting

Problem 1: Western blotting shows degraded proteins.
Possible cause: The presence of contaminating proteases.

Solution: Add protease inhibitors to the CI buffer before tissue homogenization.

Problem 2: Low yield of isolated chloroplasts.
Possible cause 1: Incomplete homogenization of leaves.
Solution: Homogenize leaves in a cold mortar with 5-10 more pestle passes (20-30 passes in total) to ensure

efficient breakage while maintaining chloroplast integrity.

Possible cause 2: Inadequate light conditions.
Solution: Ensure light conditions are set to 16 h light/8 h dark, 22 °C, and ~100-150 pmol'm?s™ light intensity.

Problem 3: Contamination with proteins from other organelles.

Possible cause: Samples were not retrieved adequately from the Percoll gradient.

Solution: Perform an additional wash step by spinning samples at 3,000 x g for 10 min at 4 °C and resuspending
in CI buffer.
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