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    Chapter 19   

 Isolation of Lysosomes from Mammalian Tissues 
and Cultured Cells                     

     Carmen     Aguado     ,     Eva     Pérez-Jiménez    ,     Marcos     Lahuerta    , 
and     Erwin     Knecht     

  Abstract 

   Lysosomes participate within the cells in the degradation of organelles, macromolecules, and a wide variety 
of substrates. In any study on specifi c roles of lysosomes, both under physiological and pathological condi-
tions, it is advisable to include methods that allow their reproducible and reliable isolation. However, 
purifi cation of lysosomes is a diffi cult task, particularly in the case of cultured cells. This is mainly because 
of the heterogeneity of these organelles, along with their low number and high fragility. Also, isolation 
methods, while disrupting plasma membranes, have to preserve the integrity of lysosomes, as the break-
down of their membranes releases enzymes that could damage all cell organelles, including themselves. 
The protocols described below have been routinely used in our laboratory for the specifi c isolation of 
lysosomes from rat liver, NIH/3T3, and other cultured cells, but can be adapted to other mammalian tis-
sues or cell lines.  
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1      Introduction 

    Lysosomes         are a group of organelles with varying sizes, forms, 
content, and densities. Lysosomes enclose a wide variety of acid 
hydrolases, including proteases ( cathepsins  ),  lipases  ,  glucosi-
dases  , and  nucleases   [ 1 ,  2 ]. Macromolecules and other sub-
strates reach the lysosomes by diverse mechanisms, including 
 endocytosis  , crinophagy, and different kinds of  autophagy   ( mac-
roautophagy  ,  microautophagy  , and  chaperone-mediated 
autophagy  ) [ 3 ]. Once inside the lysosomes, the sequestered 
materials are degraded and their building blocks are recycled. 
 Lysosomes   are involved in a large variety of cell processes, 
including differentiation, development,  aging   and cell death, 
and they also play an important role in many pathological disor-
ders, such as cancer and neurological diseases. 
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 Since the discovery of lysosomes 60 years ago [ 4 ] and their 
initial implication in the so-called lysosomal storage diseases [ 5 , 
 6 ], the studies on these organelles, which usually include their 
isolation, have grown exponentially. For example, isolation of 
lysosomes followed by proteomic analysis has been used to 
identify new lysosomal membrane proteins (e.g., [ 7 – 9 ]). These 
and other studies where isolation of lysosomes was employed 
have been useful to progress our knowledge on the physiology 
and pathology of  lysosomes  . 

  Subcellular fractionation   has allowed researchers to study 
the characteristics and function of different cellular compo-
nents. Lysosomes were fi rst identifi ed by de Duve when trying 
to fi nd the structure where glucose 6-phosphatase was localized 
[ 10 ]. This was done by differential centrifugation of  liver   
homogenates to obtain a light  mitochondrial   (LM) fraction, 
followed by a  sucrose gradient   that separated lysosomes from 
other cell components in this fraction by their different density. 
Because of the above- mentioned heterogeneity of lysosomes, 
purifi cation of a pure fraction of lysosomes is a diffi cult task and 
it is common to fi nd these fractions contaminated, mainly with 
mitochondria and peroxisomes but also with other cell compo-
nents. This caveat was fi rst overcome by the injection of deter-
gent Triton WR-1339 [ 11 ,  12 ]. The detergent is selectively 
taken up by  lysosomes  , reducing the lysosomal density and 
therefore allowing a better separation from mitochondria. Other 
strategy for achieving a better separation, for example, is the 
loading of lysosomes with colloidal gold [ 13 ,  14 ], producing an 
increase in the lysosomal density. These methods are currently 
in use (e.g., [ 7 ]) and allow a better purifi cation of the  lysosomal 
fraction  . However, they imply a change in the lysosomal com-
position, as they are loaded with external agents and this could 
affect the lysosomal function. In fact, the organelles purifi ed 
with both procedures are  tritosomes   and  aurosomes  , which are 
not strictly lysosomes. 

 The extraction of pure “intact”  lysosomes   is therefore a crit-
ical step for researchers in this fi eld. The isolation method has 
been improved by the use of gradients of Percoll, Metrizamide, 
Nycodenz, and other reagents (e.g., [ 9 ,  15 ]). Although these 
methods have been widely used for the isolation of lysosomes 
from  animal tissues  , this is much more arduous when using cul-
tured cells, particularly because the diffi culty of disrupting their 
plasma membranes without affecting the lysosomal membranes. 
Anyway, there are several reports in the literature for the isola-
tion of lysosomes or their subpopulations from different sources 
(e.g., [ 7 ,  14 ,  16 – 19 ]). Here, we describe the protocols that we 
have followed for many years in our laboratory to isolate these 
organelles.  
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2    Materials 

   Prepare all solutions using ultrapure water and centrifugation or 
analytical grade reagents. Solutions must be freshly made or stored 
at –20 °C, unless otherwise stated. All experiments involving ani-
mals should be conducted in compliance with approved Institutional 
Animal Use Committee protocols.

    1.    Male Wistar rats weighing 200–250 g starved during 16–24 h 
(only with water  ad libitum ).   

   2.    Dissection instruments (scissors, clamps, and tweezers).   
   3.    Glassware: 250 mL Erlenmeyer fl ask, 250 mL beakers, and 

100 mL graduated cylinder.   
   4.    Gauze (two layers) or cheesecloth.   
   5.    Thomas Pestle Tissue Grinder homogenizer (55-mL, Thomas 

Scientifi c, catalog number 3431E55, Swedesboro, NJ, USA) 
attached to an IKA RW-20 digital dual-range mixer (Cole- 
Parmer, catalog number EW-50705-00, Vernon Hills, IL, USA).   

   6.    Refractometer (Carl Zeiss, Jena, Germany).   
   7.    Cold fi nger (10 × 150 mm test tube fi lled with ice).   
   8.    Pasteur pipettes (plastic and glass) and pipette rubber bulbs.   
   9.    Homogenization medium: 0.3 M sucrose. This solution can 

be prepared the previous day and stored at 4 °C.   
   10.    85.6 % Metrizamide in water at pH 7.0. Preparation of this 

solution is extremely tedious ( see   Note    1  ).   
   11.    Heraeus centrifuge (Biofuge 28RS) equipped with a 3745 

rotor or equivalent (Hanau, Germany) and 50-mL polycar-
bonate tubes.   

   12.    Sorvall centrifuge (Evolution RL) equipped with a SA-300 
rotor or equivalent (Thermo Fisher Scientifi c, Waltham, MS, 
USA) and 50-mL polycarbonate tubes.   

   13.    Ultracentrifuge (Optima XL-100K) equipped with a SW40 Ti 
rotor (5–6 g of  liver  ,  see   Note    2  ) and 14 × 95 mm Ultra-
Clear tubes (catalog number 344060) (Beckman Coulter, 
Brea, CA, USA).      

       1.    Polystyrene square cell culture dishes (Nunc, Thermo Fisher 
Scientifi c, catalog number 166508). Culture area: 500 cm 2 .   

   2.    Heraeus centrifuge (Biofuge 28RS) equipped with a 3745 
rotor or equivalent and 50-mL polycarbonate tubes.   

   3.    Thomas Pestle Tissue Grinder, 10-mL (Thomas Scientifi c, cat-
alog number 3431E45).   

   4.    Polyethylene cell lifters (Corning Incorporated, catalog num-
ber 3008, NY, USA).   

2.1  Isolation 
of Lysosomes from 
Rat  Liver  

2.2  Isolation 
of Lysosomes 
from Cultured Cells
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   5.    Parr nitrogen bomb (Parr, model 4639, IL, USA) ( see   Note    3  ).   
   6.    Ultracentrifuge: Optima XL-100K equipped with a SW40 Ti 

and a 70.1 Ti rotors Optima MAX-130 equipped with a TLA- 
100 and a TLA-55 rotors. Ultracentrifuge tubes: 14 × 95 mm 
Ultra-Clear (catalog number 344060), 16 × 76 mm thickwall 
polycarbonate (catalog number 355630), 11 × 39 mm micro-
centrifuge polyallomer (catalog number 357448), and 
7 × 20 mm thickwall polyallomer (catalog number 343621) 
(Beckman Coulter).   

   7.    Krebs-Henseleit (KH) medium: 118.4 mM NaCl, 4.75 mM 
KCl, 1.19 mM KH 2 PO 4 , 2.54 mM MgSO 4 , 2.44 mM 
CaCl 2 ·2H 2 O, 28.6 mM NaHCO 3 , 10 mM glucose, containing 
10 mM HEPES, pH 7.4.   

   8.    Phosphate buffered saline (PBS) medium: 150 mM NaCl, 
2.7 mM KCl, 1.4 mM KH 2 PO 4 , 10 mM Na 2 HPO 4 , pH 7.4.   

   9.    Percoll/Metrizamide solutions and 0.25 M sucrose ( see   Note    4  ).   
   10.    Homogenization buffer (HB) 10×: 2.5 M sucrose, 100 mM 

HEPES, 10 mM EDTA, pH 7.3.   
   11.    Pasteur pipettes (plastic and glass) and pipette rubber bulbs.       

3    Methods 

   Once the  liver   is obtained all the steps should be performed on ice 
or at 4 °C to prevent  lysosomes   from becoming damaged by 
released enzymes.

    1.    Obtain liver from a starved Wistar rat. Remove skin and fat tis-
sue to get the  liver   as clean as possible and weigh the liver.   

   2.    Wash extensively with cold 0.3 M sucrose in a precooled bea-
ker and cut into small pieces with the aid of scissors to facilitate 
homogenization.   

   3.    Homogenize in 3 volumes of 0.3 M sucrose per gram of tissue 
by 8 strokes at 500 rpm in a homogenizer.   

   4.    Add 4 additional volumes of 0.3 M sucrose and fi lter the 
homogenate through double gauze without pressing it and 
collect in a precooled Erlenmeyer fl ask. Separate 60 μL of 
homogenate in an Eppendorf tube for determination of spe-
cifi c activities of enzymes.   

   5.    Split the homogenate into two 50-mL polycarbonate tubes 
(use 0.3 M sucrose to equilibrate) and centrifuge at 4800 ×  g  
for 5 min at 4 °C in a Heraeus 3745 rotor.   

   6.    After centrifugation, collect the supernatant into clean 50-mL 
polycarbonate tubes ( see   Note    5  ).   

   7.    Centrifuge at 17,000 ×  g  for 10 min at 4 °C in a Heraeus 
3745 rotor.   

3.1  Isolation 
of Lysosomes from Rat 
 Liver   (Adapted 
from Wattiaux et al. 
[ 15 ])
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   8.    Remove the supernatant ( see   Note    6  ). Resuspend the pellet 
from this second centrifugation with a “cold fi nger” and wash 
it with 0.3 M sucrose (3.5 volumes per gram of  liver  ).   

   9.    Centrifuge as in #7. Remove the supernatant.   
   10.    Resuspend the pellet with a “cold fi nger” in 1 mL of 0.3 M 

sucrose. This is an LM fraction.   
   11.    Place the LM fraction at the bottom of an Ultra-Clear ultra-

centrifuge tube and add 3.39 g of 85.6 % Metrizamide to 
(adjust fi nal Metrizamide concentration to 57 %). Mix gently 
by vortexing ( see   Note    7  ).   

   12.    Generate a discontinuous Metrizamide gradient by carefully and 
consecutively overlaying the following Metrizamide solutions 
on top of the LM fraction mixed with Metrizamide (Fig.  1 ):

 –     2.13 mL of 32.8 % Metrizamide.  

 –   3.50 mL of 26.3 % Metrizamide.  

 –   3.85 mL of 19.8 % Metrizamide.      
     Fill the tube up to about 2–3 mm from the border with 0.3 M 
sucrose, to prevent collapse during centrifugation.   

   13.    Centrifuge the gradient at 141,000 ×  g  for 90 min at 4 °C in a 
SW40 Ti rotor ( see   Note    8  ).   

57% Mtz  

32.8% Mtz 

26.3% Mtz 

19.8% Mtz 

SW40 Ti 
141,000xg 

F1 

F2 

F4 
F3 

LM 

0.3 M sucrose 

  Fig. 1     Isolation of lysosomes   from rat  liver  . Once the light mitochondrial (LM) 
fraction is obtained, it is loaded on the bottom of an Ultra-Clear ultracentrifuge 
tube and adjusted to 57 % Metrizamide (Mtz). Three layers are overlaid on top to 
create a discontinuous Mtz gradient and a 0.3 M sucrose layer is fi nally added. 
After 90 min centrifugation at the indicated conditions,  lysosomes   are located at 
the 0.3 M sucrose/19.8 % Mtz and 19.8 %/26.3 % Mtz interfaces (F1 and F2). F3 
and F4 are enriched in mitochondria.  Whitish circles  represent lysosomes and 
 brown circles  mitochondria       
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   14.    After  ultracentrifugation  , four bands (F1 to F4, from top to 
bottom) are distinguished in  the   gradient interfaces ( see  Fig.  1 ). 
With a glass Pasteur pipette collect the two upper whitish bands 
(F1 + F2), which contain lysosomes (approximately 2–3 mL).   

   15.    Mix with 10 volumes of ice cold 0.3 M sucrose in 50-mL poly-
carbonate tubes and centrifuge at 37,000 ×  g  for 10 min at 
4 °C (to remove Metrizamide) in a Sorvall centrifuge using a 
SA-300 rotor. This pellet contains the  lysosomes  . Resuspend 
them with a blunt Pasteur pipette ( see   Note    9  ) in 30 mL of ice 
cold 0.3 M sucrose and wash two times (Fig.  2a ).

       16.    Resuspend the last sediment as above in 250–300 μL of the 
solution suitable for your following experiments ( see   Note    10  ).   

   17.    Separate 40 μL for quantifi cation of protein and enzymatic 
activities ( see   Note    11  ).    

     For optimal isolation use 4–5 square cell culture dishes per condition 
( see   Note    12  ). After washing the cells with 70 mL PBS, treat them for 
30 min to 4 h at 37 °C with 70 mL KH medium/dish ( see   Note    13  ).

3.2  Isolation 
of Lysosomes 
from Cultured Cells 
(Adapted from Storrie 
and Madden [ 16 ])

  Fig. 2    Purifi ed lysosomes. Representative electron micrographs of lysosomes 
isolated from rat liver ( a ) and NIH/3T3 cells ( b ). Bar: 1 μm       
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    1.    Remove the KH medium from the plates and carefully detach 
the cells with a cell lifter in cold PBS (2 mL/ plate). Collect the 
cells into 50-mL tubes with a plastic Pasteur pipette.   

   2.    Centrifuge cells at 800 ×  g  for 5 min at 4 °C in a Heraeus 
3745 rotor.   

   3.    Wash with 0.25 M sucrose (25–30 mL). Centrifuge as in #2.   
   4.    Resuspend the pellet in 3 mL of 0.25 M sucrose. Place the cell 

suspension in the precooled chamber of the nitrogen bomb. 
Slowly, open the valve and allow the pressure to reach 35 psi 
(2.41 Bar) in 1 min. Keep pressure at 35 psi for a total of 7 min 
with occasional shaking (optimize conditions according to cell 
type,  see   Note    3  ).   

   5.    Further homogenize the cells on ice using a precooled 10-mL 
homogenizer and 8 strokes of its Tefl on pestle. Collect the 
homogenate and wash the homogenizer with 1 mL of 0.25 M 
sucrose, to get a fi nal volume of about 4 mL. Separate 60 μL 
of homogenate in an Eppendorf tube for determination of spe-
cifi c activities of enzymes.   

   6.    Centrifuge at 2500 ×  g  for 15 min at 4 °C in a Heraeus centri-
fuge using a 3745 rotor ( see   Note    14  ).   

   7.    In the meantime, prepare the gradient in an Ultra-Clear tube 
(14 × 95 mm) by adding the following solutions from bottom 
to top (Fig.  3a ):

 –     35 % Metrizamide in 0.25 M sucrose: 2.6 mL.  
 –   17 % Metrizamide in 0.25 M sucrose: 2.6 mL.  
 –   6 % Percoll in 0.25 M sucrose: 3.9 mL.      

   8.    Add the supernatant from #6 (PNS, approximately 3.5 mL) on 
top of the discontinuous gradient (Fig.  3a ).   

   9.    Centrifuge at 70,000 ×  g  for 35 min at 4 °C in a SW40 Ti rotor. 
LM fraction appears in the 17 % Metrizamide/6 % Percoll 
interface ( see  Fig.  3a ).   

   10.    Collect the LM band, approximately 1.4 mL ( see   Note    15  ). 
Put at the bottom of an Ultra-Clear tube (14 × 95 mm) with 
1.1 mL of 80 % Metrizamide and mix gently by vortexing. Add 
the following solutions from bottom to top (Fig.  3b ):

 –    17 % Metrizamide in 0.25 M sucrose: 2.6 mL.  
 –   5 % Metrizamide in 0.25 M sucrose: 2.6 mL.  
 –   0.25 M sucrose up to 3 mm from the border, approxi-

mately 5 mL.      

   11.    Centrifuge at 70,000 ×  g  for 35 min at 4 °C in a SW40 Ti rotor.   
   12.    Collect the  lysosomes  , approximately 1.2 mL (second band from 

bottom, Fig.  3b ). Dilute with 3–4 volumes of 0.25 M sucrose 

Isolation of Lysosomes
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and centrifuge at 100,000 ×  g  for 30 min at 4 °C in a 70.1 Ti 
rotor using thickwall polycarbonate tubes. Repeat this step.   

   13.    Using a blunt Pasteur pipette, resuspend the lysosomal pellet 
in 150–200 μL of the solution suitable for your following 
experiments ( see   Note    10  ).   

   14.    Separate 20 μL at −80 °C for protein and enzymatic activities 
measurements ( see   Note    16  ). 

 An alternative method to avoid the use of Metrizamide requires 
modifi cation in the following specifi c steps of the previous 
procedure:   

   1.    Wash the cells with 1× HB (about 33 mL/tube) instead of 
0.25 M sucrose.   

SW40 Ti
70,000xg

a

b

SW40 Ti
70,000xg

PNS

6% Percoll

17% Mtz

35% Mtz

0.25M sucrose

17% Mtz

35% Mtz

5% Mtz

LM

Lysosomes

Mitochondria

LM

Golgi & PM

ER

HM

  Fig. 3    Isolation of lysosomes from cultured cells. ( a ) Once the postnuclear supernatant (PNS) is obtained, it is 
layered on top of a Percoll/Metrizamide (Mtz) gradient. After a 35 min centrifugation at the indicated conditions, 
the light  mitochondrial   (LM) fraction is recovered from the 17 % Mtz/6 % Percoll interface. ( b ) This fraction is 
loaded on the bottom of an Ultra-Clear ultracentrifuge tube and adjusted to 35 % Mtz. Three layers are overlaid 
on top to create a discontinuous Mtz gradient. After a 35 min centrifugation at the indicated conditions, lyso-
somes are located at the 17 %/5 % Mtz interface.  Green  and  blue circles  represent Golgi complex and plasma 
membrane (PM); light  green circles  represent endoplasmic reticulum (ER);  whitish circles  represent  lysosomes   
and  brown circles  represent mitochondria (light and heavy (HM))       
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   2.    Resuspend the pellet in 3 mL of 1× HB and homogenize as in 
the method above ( see   Note    17  ).   

   3.    Prepare the gradient by adding the following solutions from 
bottom to top:

 –    10× HB: 1.2 mL.  
 –   17.5 % Percoll in 1× HB: 8.5 mL.      

   4.    Centrifuge at 67,000 ×  g  for 30 min at 4 °C in a 70.1 Ti rotor.   
   5.    Remove the fi rst 1 mL and take 9 different fractions of 1.2 mL 

in separate Eppendorf tubes.  Lysosomes   are mainly located in 
the fi rst three fractions, but it is advisable when using other cell 
types to recover and analyze the other fractions too. Pool frac-
tions 1–3 in a thickwall polycarbonate tube.   

   6.    Centrifuge at 100,000 ×  g  for 30 min at 4 °C in a 70.1 Ti rotor 
( see   Note    18  ). Continue with #12 of the main protocol.    

4                             Notes 

     1.    Preparation of Metrizamide solutions. The stock solution 
(85.6 % Metrizamide) should be dissolved in the dark. To 
avoid the formation of clumps of undissolved material, start 
with half of the fi nal volume of water and add small amounts 
of Metrizamide while stirring. Do not add more Metrizamide 
until the former has been fully dissolved. Adjust the pH of 
the solution to 7.0 with 0.01 M NaOH while stirring (since 
this solution has an elevated density, wait a while for an accu-
rate pH measurement). Using a refractometer, adjust more 
precisely the concentration of the different solutions by add-
ing water at pH 7.0 or stock solution to bring them to the 
corresponding refractive index (see below). Store all solu-
tions at –20 °C. The volumes needed for two samples are 
shown below:

 85.6 % Metrizamide (mL)  Water pH 7.0 (mL)  Refractive index (20 °C) 

 85.6 %  5.00  –  1.4710 

 32.8 %  1.92 (2.80 g)  3.08  1.3854 

 26.3 %  2.46 (3.58 g)  5.54  1.3763 

 19.8 %  1.85 (2.71 g)  6.15  1.3643 

   Nycodenz, more easily available and less expensive than 
Metrizamide, could probably replace the use of Metrizamide in 
a similar protocol [ 9 ], but further analyses are recommended.   

Isolation of Lysosomes
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   2.    For larger amounts of tissue (about 20 g) use the SW28 rotor, 
adjusting the volumes of the different Metrizamide layers in 
the gradient.   

   3.    Parr nitrogen bomb is a cell disruptor by nitrogen decompres-
sion. It preserves organelle integrity in cultured cells better 
than other methods. Conditions provided in this method are 
optimized for NIH/3T3 cells. Time and nitrogen pressure 
conditions should be optimized for other cell lines.   

   4.    Percoll/Metrizamide solutions.

   (a)    80 % Metrizamide in 0.25 M sucrose pH 7.2. All Metrizamide 
solutions are prepared in 0.25 M sucrose pH 7.2. 

 Preparation: put 50 mL of 0.25 M sucrose in a glass 
beaker and slowly add 80 g of Metrizamide. Adjust the 
pH with 0.01 N NaOH and add 0.25 M sucrose to a 
fi nal volume of 100 mL. Remember ( see   Note    1  ) to 
carry out these preparations in the dark. The volumes 
needed for two samples are shown below:

 80 % Metrizamide (mL)  Percoll (mL)  0.25 M sucrose (mL) 

 35 % Metrizamide  2.40  –  3.10 

 17 % Metrizamide  2.34  –  8.66 

 15 % Metrizamide  0.34  –  5.16 

 6 % Percoll  –  0.51  8.00 

      (b)    17.5 % Percoll in 1× HB: 18 mL are needed for two samples. 
Mix 3.15 mL of 100 % Percoll, 1.8 mL of 10× HB and 
13.05 mL of water.       

   5.    Take care to avoid collecting portions of the white sediment 
from this fi rst centrifugation, which consists of erythrocytes, 
nuclei, large mitochondria, and some cell debris.   

   6.    The supernatants from centrifugation at 17,000 ×  g  for 10 min 
contain cytosol,  microsomes  , etc.   

   7.    To collect the LM fraction, Pasteur pipettes or other wide 
mouth pipettes are better than micropipette tips to reduce 
damage to lysosomal membranes.   

   8.    It is advisable to carry out all centrifugations of gradients with-
out brake and with low acceleration.   

   9.    To prepare the blunt Pasteur pipette, heat the edge of a glass 
pipette to make a glass drop at its end.   

   10.     Lysosomes   can be used for different experiments and they should 
be treated accordingly. For example, for   chaperone- mediated 
autophagy     studies , freshly isolated lysosomes should be immedi-
ately resuspended, after washing, in 10 mM MOPS/0.3 M sucrose 

Carmen Aguado et al.
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pH 7.0 and incubated with the appropriate substrates and reagents 
as described [ 18 ,  20 ]. For  proteomic studies of lysosomal components  
(e.g., [ 8 ]), it is advisable to incubate the lysosomes for 30 min at 
37 °C in an iso- osmotic medium (250–300 mOsmol/L) to allow 
degradation of the cytoplasmic material sequestered by the lyso-
somes. For  isolation of lysosomal membranes  follow this procedure:

 –    Resuspend  lysosomes   in 200 µL of water plus protease 
inhibitors (1 mM phenylmethylsulfonyl fl uoride, 100 µM 
leupeptin, 10 µM pepstatin A, 2 mM EDTA, 2 mM 
dithiothreitol).  

 –   Disrupt lysosomes by 6–8 freeze-thaw cycles and 
homogenize.  

 –   Centrifuge at 130,000 ×  g  for 10 min at 4 °C in an Optima 
MAX-130 equipped with a TLA-100 rotor or equivalent.  

 –   Wash the membranes three times with 100 µL of water 
plus protease inhibitors to remove residual components 
from the lysosomal matrix. Centrifuge as above.  

 –   Resuspend in 100 µL of water plus protease inhibitors (see 
above) and analyze.      

   11.    To calculate the yield and the degree of purifi cation of this 
 lysosomal fraction   relative to the original homogenate, we rou-
tinely use β- N -acetyl-glucosaminidase and β-hexosaminidase as 
lysosomal marker enzymes. In our hands, yield and degree of 
purifi cation are 6–10 % and (70–80)-fold. For experiments 
with intact lysosomes, calculate lysosomes latency by measur-
ing the activity of a lysosomal enzyme in the presence or not of 
0.15 % Triton X-100. Preparations with latency values below 
95 % are discarded for those experiments. Protein concentra-
tion can be evaluated using a Micro BCA protein assay kit 
(Thermo Scientifi c) or an equivalent procedure.   

   12.    We use 90 % confl uent NIH/3T3 cells, about 8 × 10 7 cells/plate.   
   13.    KH medium or equivalent starvation media are used to increase 

the cellular lysosomal mass.   
   14.    The supernatant and the pellet from this centrifugation are the 

postnuclear supernatant (PNS) and pellet (PNP), respectively. 
Resuspend the PNP in 4 mL of 0.25 M sucrose and reserve an 
aliquot for enzymatic activity measurements.   

   15.    To avoid the contamination of the  lysosomal fraction   with 
other cellular components, remove the two upper bands with a 
Pasteur pipette.   

   16.    Calculate yield and degree of purifi cation of the  lysosomal frac-
tion   as in  Note    11  . In our hands, yield and degree of purifi ca-
tion are 3–5 % and 20- to 30-fold, respectively.   

Isolation of Lysosomes
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   17.    The addition of 10 mM potassium phosphate pH 7.4 alters the 
sedimentation rate of mitochondria without affecting the lyso-
somes, improving the purity of the  lysosomal fraction   [ 21 ].   

   18.    If the sediments of this centrifugation are loose, centrifuge at 
70,000 ×  g  for 30 min at 4 °C using an Optima MAX-130 
equipped with a TLA-55 rotor or equivalent.         
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