Excellence in Separations

Lysosomes — a methodological review

¢ THIS APPLICATION SHEET SUMMARIZES MANY OF THE POSSIBLE METHOD OPTIONS
FOR DIFFERENTIAL AND GRADIENT CENTRIFUGATION

¢ APPLICATION SHEET S55 PROVIDES A DETAILED METHODOLOGY
¢ SEE REFERENCE LIST RS04 FOR A COMPLETE LYSOSOME BIBLIOGRAPHY

METHODOLOGICAL REVIEW
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Figure 1. Flow chart describing purification of lysosomes by
flotation through a discontinuous gradient of Nycodenz®:
production of the nuclear pellet is in green text, the heavy
mitochondrial pellet in blue text and the light mitochondrial pellet in
magenta text

2. Differential centrifugation

The production of a light mitochondrial
pellet (L) by differential centrifugation that is
described in Figure 1 is based on the scheme
originally published by de Duve et al [3], but
there are many variations on this theme. The first phase (green in Figure 1) or second phase (blue in Figure 1) is
sometimes omitted; sometimes both blue and magenta phases are omitted and the gradient is thus loaded with a
post-nuclear supernatant. Additionally the g-forces and/or times for one or more of the phases may vary from
those given in Figure 1. For example the L pellet from lymphoid cells has been recovered at 22,000 g for 60 min
[1] or 17,000 g for 20 min [4]. Occasionally the differential centrifugation follows a rather different format: for
example Klein et al [5-7] first centrifuged a liver homogenate at 10,700 g for 20 min; the pellet was resuspended
in HM and centrifuged at 120 g for 10 min. This nuclear pellet was washed twice and the combined supernatants
were centrifuged at 23,000 g for 10 min. This L pellet was washed twice before being resolved on a Nycodenz®
gradient. The authors used the supernatant from the first centrifugation as a source of microsomes and cytosol
and for comparative analytical purposes this approach has much to recommend it. In the more widely-used
sequence of centrifugations shown in Figure 1 soluble and fragmented material derived from partial disruption
of organelles during manipulation of the N, M and L pellets will eventually end up in the microsomal
supernatant.

¢ The L pellet is further resolved by a variety of gradient strategies and these are reviewed in Section 3.

3. Discontinuous - bottom-loaded

In sucrose gradients the buoyant density banding positions of lysosomes and mitochondria are too close to
permit a useful separation, consequently it became common to use a strategy first described by Leighton et al [8]
in 1968 in which the density of rat liver lysosomes was artificially reduced by prior administration of Triton
WR1339 to the animals. However a number of functional changes in the lysosomes are caused by the detergent.
In the late nineteen-seventies Wattiaux’s group at the University of Namur in Belgium investigated the
alternative use of the first non-ionic iodinated density gradient medium - metrizamide — for the fractionation of
subcellular organelles from the light mitochondrial fraction from rat liver [9,10]. These workers showed that the
resolution of lysosomes from the denser mitochondria was much improved if the light mitochondrial fraction



was layered in a dense solution beneath the gradient rather than layered on top of the gradient. For routine
preparation of lysosomes from rat liver a bottom-loaded discontinuous gradient was recommended. More
recently metrizamide, which is now commercially unavailable, was replaced by Nycodenz® [10-13] and it is
this method that is summarized in Figure 1. In a typical experiment using rat liver the enrichment of a lysosomal
marker such as N-acetyl-B-glucosaminidase in the 20%/25% Nycodenz® band is approx. 100-fold over the
homogenate [10,11]. The method as has also been applied to HepG2 cells [14].

Organelles, particularly mitochondria, are very sensitive to hydrostatic pressure and there are many
examples of mitochondrial purification methods using discontinuous gradients in which the crude organelle
fraction is loaded in a median layer rather than bottom-loaded in order to reduce the hydrostatic pressure on the
sample. This strategy was first used by Okado-Matsumoto and Fridovich [15]. It may be good practice to reduce
the hydrostatic pressure in all flotation fractionations of the light mitochondrial pellet. Cabrita et al [16] used
40%, 30%, 25%, 23%, 20%, 15% and 10% (w/v) Nycodenz® (0.5, 1.0, 3.5, 2.0, 2.0, 2.0 and 1.0 ml
respectively) with the light mitochondrial pellet in the 25% layer; the lysosomes from rat liver banded at the
15%-20% Nycodenz® interface. The centrifugation conditions were also
very mild — 52,000 g for 90 min. Another means of reducing the hydrostatic
pressure on the sample is to use a vertical rotor rather than a swinging-bucket Acid phosphatase
rotor.

¢ Although no published papers have reported the use of OptiPrep™ in
this flotation mode, there is no obvious reason why this would not be
effective.

Succinate
dehydrogenase
4. Discontinuous gradients — top-loaded

An L fraction from rat liver (in 2 ml of HM) layered over 24%, 27%,
28%, 33% and 40% (w/v) Nycodenz® (2 ml, 2 ml, 3 ml, 1 ml and 1 ml
respectively) and centrifuged at 74,000 g for 3 h provided a very useful
separation of mitochondria and lysosomes [5-7] as s described in Figure 2.

Enzyme activity % distribution

Increasing density

) ) ) ) ) Figure 2: Separation of lysosomes
Marshall et al [2] employed a novel discontinuous gradient in which the and mitochondria from a rat liver L

low-density layer contained 6% Percoll® and the two denser layers fraction in top-loaded discontinuous
comprised 17% and 35% Nycodenz®. Moreover these workers highlighted Nycodenz® gradient (adapted from
two problems that are often overlooked; in particular, with cultured cells the Tef5):

homogenization strategy often needs to be tailored to the cell type and the organelles from different cell types
may behave distinctively in gradients. Human breast carcinoma cells were homogenized using nitrogen
cavitation, while human T-cell leukaemia cells were lysed in a Dounce homogenizer. Moreover while the
lysosomes from breast carcinoma cells banded at the 17%-33% Nycodenz® interface, those from the leukaemia
cells banded at the 6% Percoll®-17% Nycodenz® interface [2]. Optimization of the centrifugation conditions
may also be needed; at 20,000 g breast carcinoma cell lysates required 20 min, leukaemia cells - 30 min.
Whether this organelle density difference is a consequence of the cell type or the mode of homogenization, or
both, is not known.

Iodixanol gradients have been widely used in the top-loaded discontinuous gradient mode, usually covering
a slightly lower density range. Layers of 17%, 20%, 23%, 27% and 30% (w/v) or 8, 12, 16, 19, 22.5 and 27%
(w/v) iodixanol are quite common. Sometimes the crude fraction is a total cell lysate, sometimes a post-nuclear
supernatant (PNS) and sometimes a light mitochondrial fraction (see Section 2). Table 1 lists the cell types that
have been analyzed in these gradients and summarizes the gradient format.

Table 1: Lysosome separations in top-loaded discontinuous iodixanol gradients

Cell/tissue Gradient (%, w/v) iodixanol | Ref. # Cell/tissue Gradient (%, w/v) iodixanol Ref. #
Blastocysts 10,15,20,25,30 17 Fibroblasts 6,10,16,24 21
Brain 8,12,16,19,22.5,27 18-20 Mononuclear 8,12,16,19,22.5,27 25
Carcinoma cells | 6,10,16,24 21 Myeloid 8,12,16,19,22.5,27 26
8,12,16,19,22.5,27 22 Neuroblastoma 15,17,20,23,27,30 27,28
15,17,20,23,27,30 23,24 NK cells 8,12,16,19,22.5,27 29
Renal cortex 15,17,20,23,27,30 30

In the 15%, 17%, 20%, 23%, 27%, 30% (w/v) iodixanol gradient format the sample (normally a light
mitochondrial pellet) is usually in the 15% iodixanol layer. The centrifugation conditions vary rather widely:
50,000 g for 17 h [21]; 145,000 g for 2 h [27,28,30]; 150,000 g for 4 h [26,29]; 150,000 g for 5 h [22,25] and
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profiles were studied; an efficacious system comprises a Figure 3 Separation of lysosomes, mitochondria and
19-27% (w/v) iodixanol gradient, overlaid with HM and peroxisomes from a mouse liver L fraction in 30%
underlaid by the L fraction adjusted to 30% iodixanol. iodixanol by flotation through a 19-27% iodixanol gradient,
After 70,000 g, for 1.5-2 h the distribution of markers 70,000 ¢ for 1.75 h

is as shown in Figure 3, with the lysosomes at the top of the gradient. Separations similar to those shown in
Figure 3 have been obtained with an L-fraction from human breast carcinoma cells [33] loaded in 35% (w/v)
under a 10-30% iodixanol gradient (52,000 g for 1.5 h) or top-loaded in 5% iodixanol [34].

A light mitochondrial fraction from carcinoma cells has been fractionated on a 4-24% (w/v) iodixanol
gradient; the g-force was only 20,000 g but the time was extended to 17 h [35], the lysosomes banded around
1.12 g/ml and the gradient was used in the localization of the KIF5B kinesin heavy chain protein. Higaki et al
[36] fractionated a human skin fibroblast PNS on a continuous 5-20% (w/v) iodixanol graident (90,000 g for 20
h) that was first described by Sugii et al [37] in endocytosis studies.

6. Self-generated gradients

Graham et al [32] were the first to demonstrate the 60 12
usefulness of self-generated gradients of iodixanol to \
fractionate the light mitochondrial fraction from mouse so 8\ 7| B
liver. Self-generated gradients are simple to set up and Catdfase 1116
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ml) Beckman TLV-100 vertical rotor allowed the
centrifugation time to be reduced to 1.5 h for a light
mitochondrial fraction from glioma cells [4].
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Figure 4 Fractionation of a mouse liver L pellet in a
17.5% iodixanol self-generated gradient: for more details

The strategy also appears very successful with seo toxt

promyeloid [38] and lymphoma cells [39]; in both these

cases the crude organelle fraction was adjusted to 20% iodixanol and the lysosomes recovered from close to the
top of the gradient. This 20% (w/v) iodixanol gradient may be less successful in resolving the lysosomes from
any Golgi membranes in the fraction but this will also depend on the density profile of the gradient, and that
depends not only on the rotor type but also on the g-force and the centrifugation time. Beckman VTi65.2
vertical rotor (350,000 g for 3 h) and a Beckman NVT90 near-vertical rotor (320,000 g for 3 h) have also been
used for these gradient separations for retinal epithelial cells [40] and Caco-2 cells [41] respectively. In the latter
case the starting concentration of iodixanol was 30% and consequently the lysosomes banded close to the top of
the gradient.

A detailed description of the OptiPrep™ methodologies can be found from the relevant OptiPrep™
Applications Sheets index on the following website: www.Optiprep.com (click on “Methodology”, then
“Organelles and Subcellular Membranes™) and scroll down the Index.




* & o o

3

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Application Sheet S55 describes the use of discontinuous gradients
Application Sheet S15 describes the use of continuous gradients
Application Sheet S16 describes the use of self-generated gradients
Application Sheet S04 describes the construction of self-generated gradients
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