
 

Isolation of mammalian lysosomes in discontinuous gradients 
 
 OptiPrep is a 60% (w/v) solution of iodixanol in water, density = 1.32 g/ml 
 An OptiPrep Reference List (RS04) “Lysosomes – a bibliographical review” provides a 

bibliography of all published papers reporting the use of OptiPrep for analysis of these 
organelles: to access return to the initial list of Folders and select “Reference Lists”. The 
references are divided into cell or tissue type and highlight the analytical content. 

 To access other Application Sheets referred to in the text: return to the 2020SMemapp file and 
select the appropriate S-number. 

 See Application Sheet S15 for information on the use of pre-formed continuous gradients 
 See Application Sheet S16 for information on the use of self-generated gradients 
 
 1. Background 

Wattiaux et al [1] were the first to describe the use of metrizamide for the purification of 
mammalian liver lysosomes. They were also the first to point out the huge advantage of using a gradient 
of much lower osmolality than the traditional sucrose gradient, which can only provide a reasonable 
separation of lysosomes and mitochondria if the density of the former is artificially reduced by Triton 
WR1339 [2].  It was also established that, by bottom loading of the density gradient, advantage could 
be taken of the greater sensitivity of mitochondria to hydrostatic pressure, thereby causing an increase 
in their density relative to that of the lysosomes [3]. 

 
In a discontinuous gradient of 30%, 26%, 24% and 19% (w/v) metrizamide (covering the density 

range of 1.16-1.105 g/ml), rat liver lysosomes float up from a light mitochondrial fraction, loaded in 
approx 35% metrizamide, to band at the 24%/19% interface after centrifugation at 95,000 g for 2 h 
[1,3]. The relative specific activity of -galactosidase (over the homogenate) was reported as 80, while 
for a mitochondrial marker (cytochrome oxidase) the value was only 0.17 [3]. Metrizamide is no longer 
commercially available and Olsson et al [4] translated the flotation method to Nycodenz and reported 
an even higher relative specific activity for N-acetyl--glucosaminidase of 108. The method has also 
been extended to HepG2 cells [5]. 

 
The procedure has now been adapted to the use of OptiPrep and a large number of published 

papers have predominantly reported the use of a discontinuous iodixanol gradient. In some cases the 
centrifugation is carried out for approx. 5 h, in others for 20 h and under these conditions the continuous 
gradient will become continuous, but not necessarily linear. Note that the density of lysosomes in 
iodixanol gradients is lower than that in either metrizamide or Nycodenz gradients because of the 
reduced osmolality of iodixanol gradients. 
 
2. Solutions required 
A. OptiPrep 
B. Homogenization medium: 0.25 M sucrose, 1 mM 

EDTA, 20 mM HEPES-NaOH, pH 7.4 (see 
Section 4) 

C. OptiPrep diluent: 0.25 M sucrose, 2 mM 
EDTA, 40 mM HEPES-NaOH, pH 7.4 

D. 30% (w/v) Iodixanol working solution: Mix equal 
volumes of Solutions A and C 

 
Add protease inhibitors as required to Solutions B and 
D. 
 

Excellence in Separations 

OptiPrep Application Sheet S55 

Keep the following stock solutions at 4C: 
500 mM HEPES (free acid): 11.9 g per 100 ml water 
100 mM EDTA (Na22H2O): 3.72 g per 100 ml water 
 
Solution B: Dissolve 17 g sucrose in 100 ml water; add 
2.0 ml and 8.0 ml respectively of EDTA and HEPES 
stock solutions; adjust to pH 7.4 with 1 M NaOH and 
make up to 200 ml 
 
Solution C: Dissolve 17 g sucrose in 100 ml water; add 
4.0 ml and 16.0 ml respectively of EDTA and HEPES 
stock solutions; adjust to pH 7.4 with 1 M NaOH and 
make up to 200 ml 
 



 2 

3. Ultracentrifuge rotor requirements 
In this protocol, a swinging-bucket rotor with a tube capacity of approx 13 ml (e.g. Beckman SW 

41Ti, Sorvall TH641 or equivalent) or 4-5 ml (e.g. Beckman SW60Ti, TH-660 or equivalent) is 
suitable. The use of a vertical rotor is a valid alternative; the short sedimentation path length not only 
reduces the centrifugation time, the reduced hydrostatic pressure also favours retention of organelle 
integrity. This alternative has not been used with iodixanol gradients as far as is known, but it is quite a 
common practice with Nycodenz gradient purification of mitochondria. 
 
4. Homogenization 

For tissues: Mince the tissue very finely with scissors (or with a tissue chopper) and transfer to a 
Potter-Elvehjem (Teflon and glass) homogenizer with solution A (use 10 ml medium for every 2.5 g 
tissue). Homogenize using approx 6 strokes of the pestle (500-700 rpm). 

 
For cells: Wash 1-3x108 cells in 5 ml of phosphate buffered saline and again with 5 ml of Solution 

A. Suspend the cells in 3 ml of Solution B and homogenize in a ball-bearing homogenizer using five 
passes. 

 
Any suitable buffered isoosmotic solution may be used. The recommended version is a common 

one (see e.g. refs 6 and 7). But there are some significant variations (see Table 1). For more information 
about homogenization media for tissues and cells see Application Sheets S05 and S06 respectively. 
 
Table 1: Homogenization media 

Tissue/cell Homogenization media Ref. # 

Mouse brain 0.32 M sucrose, 1 mM MgCl2, 1 mM CaCl2, 1mM NaHCO3, 5 mM Tris, pH 7.5 8 

 50 mM NaCl, 50 mM Tris-HCl, pH 8.0 1% Nonidet P40, 0.05% deoxycholate, 0.1% SDS 9 

 130 mM KCl, 25 mM Tris-HCl, pH 7.4, 1 mM EGTA 10 

Myeloid cells 210 mM mannitol, 70 mM sucrose, 1 mM EDTA, 20 mM HEPES, pH 7.5 11 

HeLa cells 0.25 M sucrose, 10 mM triethanolamine-10 mM acetic acid, pH 7.8 12 

 
For the isolation of lysosomes from cultured cells, the ball bearing homogenizer is considered to 

offer the gentlest means of disruption. Most soft tissues can be homogenized in a Potter-Elvehjem 
homogenizer, but alternatives such as the Polytron homogenizer have been used. Some procedures for 
tissues and cells are described in Application Sheets S05 and S06 respectively. Always monitor the 
efficacy of the homogenization by phase contrast microscopy. 
 
5. Preparation of the light mitochondrial fraction 
1. Pellet the nuclei, cell debris and any unbroken cells by centrifuging at 800-1000 g for 10 min. 
 
2. Decant or aspirate the supernatant and retain on ice. 
 
3. Resuspend the pellet in Solution B using 2-3 gentle strokes of the pestle of a loose-fitting Dounce 

homogenizer. Resuspension of the pellet must be carried out under the mildest of conditions, to 
avoid damage to the delicate organelles. 

 
4. Repeat the centrifugation and combine the supernatants. 
 
5. Centrifuge the combined supernatants at 3,000 g for 10 min to pellet the heavy mitochondria. 

Aspirate the supernatant and keep on ice. 
 
6. Resuspend the pellet in Solution B (see Step 3) and repeat the 3000 g centrifugation 
 
7. Combine the two 3000 g supernatants and centrifuge at 17-20,000 g for 10 min to produce a light 

mitochondrial pellet. 
 
8. Resuspend the light mitochondrial pellet in Solution B and repeat the 17-20,000 g centrifugation. 

This pellet is used for the gradient input. 
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A variety of centrifugation conditions have been used for this part of the procedure. In some cases a 

light mitochondrial fraction is used for the gradient input, which may be prepared in the mode 
described. There are wide variations in the protocol used to produce the gradient input. The first 800 g 
step [6] or the 3000 g step [8,9] may be omitted. Sometimes the entire 3000 g supernatant is applied to 
the gradient [7] or the entire 800-1000 g (post-nuclear) supernatant (PNS) is used [12-14] and in more 
rare examples the whole homogenate is used [15]. 

The advantage of using a PNS is that the pre-gradient procedure is accelerated and organelles are 
less likely to be lost due to the repeated centrifugation and re-suspension steps, on the other hand the 
presence of all the membrane-bound organelles and vesicles (except the nuclei) will severely test the 
resolving power of the gradient. 
 
 See Application Sheet S07 for more information on differential centrifugation 
 
6. Discontinuous gradient centrifugation 
 Note that in some published methods the gradient is described in terms of % (w/v) iodixanol and 

sometimes as % (v/v) OptiPrep; the two conventions give quite different densities: 20% (w/v) 
iodixanol is 1.127 g/ml (using a 0.25 M sucrose diluent), 20% (v/v) OptiPrep is equivalent to 
12% (w/v) iodixanol and a density of 1.088 g/ml. For clarity all of the gradients are expressed as % 
(w/v) iodixanol in this Application Sheet. 

 
The most commonly used discontinuous gradient format is 10%, 12%, 14%, 16%, 18% (w/v) 

iodixanol (equal volumes of each) prepared by diluting Solution D with Solution B. The crude 
lysosomal fraction is adjusted to 9% (w/v) and layered on top of the gradient. Tubes for the SW41 can 
accommodate 2 ml of each of the density gradient solutions and sample. For smaller volume rotors, all 
volumes should be scaled down proportionately. Gradients are normally centrifuged at 145,000 g for 2 
h. Lysosomes band close to the top of the gradient. The method has been used for the following cell 
types: myeloid cells [11] neuroblastoma [12,13], renal cortex cells [14], pancreatic cancer cells [16], 
human lung carcinoma cells [17]. 

 
Other discontinuous gradients have been used to fractionate a tissue or cell PNS. 
1. A gradient of 4,10,16 and 24% (w/v) iodixanol, with the sample loaded on top in the 

homogenization medium was used for HeLa cells [6] and 3T3 fibroblasts [7]. In this example, the 
gradients were centrifuged for 17 h at 20,000 g, during which time they will certainly become 
continuous. 

2. A mouse blastocyst homogenate was fractionated on a 6, 9, 12,15, 18% (w/v) iodixanol gradient, 
centrifuged at 100,000 g for 16 h [15]. 

3. HeLa cell lysosomes were isolated on a 12, 14, 16, 18, 20% (w/v) iodixanol gradient, centrifuged at 
150,000 g for 5 h [18] 

4. In a 12.8, 16, 19, 22.5, 27% (w/v) iodixanol gradient, a lymphocyte light mitochondrial fraction 
was median loaded in the 19% iodixanol layer with centrifugation was at 150,000 g for 5 h [19,20]. 
Median loading has the advantage that the lysosomes will float to their banding density while most 
of the denser organelles will sediment. Very good resolution of lysosomes, mitochondria and dense 
membrane-bound granules was observed. 

5. Renal cortex lysosomes have been purified from a PNS adjusted to 15% (w/v) iodixanol, loaded on 
to a 17, 20, 23, 27 and 30% (w/v) iodixanol (145,000 g for 2 h); the organelles banded at the 15-
17% iodixanol interface [21]. The same gradient and centrifugation conditions have been used for 
HeLa cells [22].  Purification of lymphocyte lysosomes [23] used a slightly modified gradient of 
17, 23, 25, 27, 29 and 30% (w/v) iodixanol. Broadly similar discontinuous gradients were used for 
a mammary gland PNS [24], microvascular endothelial cells [25], Caco-2 cells [25] and brain [9]. 
Note that several commercial companies including Sigma-Aldrich, Pierce Biotechnology and 
Thermo-Scientific produce kits for the purification of lysosomes using OptiPrep, which 
recommend iodixanol gradients of the type described in this section. In all these gradients the 
lysosomes will band towards the top of the gradient. 

6. A rather more elaborate system was devised by Khundadze et al [26] for brain material. Essentially 
a heavy mitochondrial supernatant was first fractionated into a heavy and light membrane fraction 
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on a discontinuous sucrose gradient; lysosomes were then enriched from the heavy fraction by 
flotation through a 25, 23, 21 and 19% (w/v) iodixanol gradient (centrifuged at 110,000 g for 2 h).   

 
 For more information on the preparation of discontinuous gradients see Application Sheet S03. 
 Lysosomes from approximately 30 different types of cell or tissue have been purified in 

discontinuous iodixanol gradients; for further information see OptiPrep Reference List RS04.  
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