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Abstract 

Zymography is a powerful technique that can be exploited to specifically assess the relative expression levels 
of a group of proteolytic enzymes termed matrix metalloproteinases (MMPs) through their catalytic 
activity. It is further used to monitor the ratios status of activated over latent MMP forms that provide 
more accurate insights in their physiological roles in regulating the degradation of the extracellular matrix. 
Clinical tissue biopsies, in vitro primary cell culture lysates, or media conditioned by tumor-derived 
preclinical in vitro cell cultures can be used by researchers to assess by zymography clinical treatment 
efficacy or pharmacological impact of drugs in development on MMPs level. As increases in MMPs protein 
levels do not necessarily correlate with increased enzymatic activity, assessing MMPs in clinical tissue 
samples or from preclinical cell models using zymography is the best indicator of the impact of a given 
therapy on the activation status of these enzymes, or the impact on an invasive molecular phenotype in the 
case of tumor biopsies. In this chapter, the proteolytic activity of MMP-2 and MMP-9, two gelatinases, is 
detected as unstained clear digested bands against a stained gelatin background in polyacrylamide gels. 
Zymography’s strengths are its cost-effectiveness, rapidity, and adaptability since it can be used with a 
relatively small amount of starting material to assess the activation status and proteolytic activity of other 
MMPs types when used in gel with their specific substrates. 
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APS Ammonium persulfate 
BCA Bicinchoninic acid 
ConA Concanavalin A 
ECM Extracellular matrix 
EMEM Eagle’s minimum essential medium 
FBS Fetal bovine serum 
MMP Matrix metalloproteinase 
MT-MMP Membrane-type matrix metalloproteinase 
PAGE Polyacrylamide gel electrophoresis 
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PMA Phorbol-12-myristate-13-acetate 
SDS Sodium dodecyl sulfate 
TEMED Tetramethylethylenediamine 

1 Introduction 

Matrix metalloproteinases (MMPs), or metalloproteases, are a 
family of calcium-dependent proteolytic enzymes with a zinc-
containing catalytic site that can degrade components of the extra-
cellular matrix (ECM) and contribute to physiological as well as 
pathological processes [1, 2]. There are at least 23 types of MMPs 
in humans that can be divided into 6 groups: collagenases, gelati-
nases, stromelysins, matrilysins, membrane-type MMPs 
(MT-MMPs), and a heterogeneous group [1–3]. Most soluble 
MMPs are expressed and secreted as latent enzymes that require 
being further activated to efficiently hydrolyze components of the 
ECM [3]. On the other hand, MT-MMPs remain located at the cell 
membrane where they can contribute to the activation process of 
latent secreted MMPs [4]. Indeed, the latent MMPs form, called 
zymogen or pro-MMP, has a pro-domain blocking the catalytic 
site, which must be cleaved by other MMPs or proteases to gener-
ate the active form [1–3]. MMPs play a significant role by remodel-
ing the ECM and are involved in numerous physiological processes 
such as tissue regeneration and embryogenesis, or diseases such as 
tumor development and metastasis [1, 2, 5, 6]. It is the case with 
MMP-2 and MMP-9, two gelatinases, whose expression and acti-
vation status are closely related to cancer progression and can easily 
be assessed by using gelatin zymography [5–7]. 

Zymography is a semiquantitative technique for the assessment 
of the relative level of expression and activity of MMPs present in 
preclinical (cell culture models) or clinical samples (tissues or body 
fluids); it allows preclinical drug development investigations, com-
parison between different preclinical cell line models, expression 
levels in pathological tissues, or in the monitoring of treatment 
efficacy (Fig. 1)  [7–10]. The method uses standard sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) to separate 
the enzymes according to their molecular weight, but in nonreduc-
ing conditions to preserve their catalytic activity [2, 11]. The par-
ticularity of zymography is the copolymerization of a given MMP 
substrate in the polyacrylamide gels, which varies depending on the 
selected MMPs to assess [1, 2, 6]. Following the electrophoresis 
step, the enzymes are reactivated in gel and incubated to allow 
hydrolysis of the substrate that will ultimately be detected as clear 
unstained bands from Coomassie blue-stained gels [2, 11]. Both 
the active and latent MMP forms can be distinguished by their 
migration shift, reflecting their respective different molecular



weight sizes (Fig. 1)  [5]. Altogether, this makes zymography a very 
low cost and rapid technique that can easily be adapted to detect a 
wide variety of MMP activity, thus providing critical insights into 
their activity in clinical settings. 
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Fig. 1 Example of a zymography gel showing the cleavage of latent pro-matrix metalloproteinase (MMP)-2 into 
its active MMP-2 form by concanavalin A (ConA) in the U87 glioblastoma cells conditioned media. The 
pharmacological treatment used here exemplifies a dose-dependent inhibition of this activation process by a 
drug in preclinical development. The colored image has been converted to a black and white image to 
facilitate bands visualization (unpublished data) 

2 Materials 

Prepare all solutions with ultrapure water and molecular grade 
reagents. They should always be prepared and used at room tem-
perature in clean glassware. 

2.1 Solutions for SDS 

Polyacrylamide Gels 

1. 30% bis-acrylamide solution: 0.8% bis-acrylamide and 29.2% 
acrylamide. Add 600 mL of water to a beaker. Using a mag-
netic stirrer, dissolve 8 g of bis-acrylamide and 292 g of acryl-
amide (see Note 1). Wait until the solution is no longer cold 
and has reached room temperature, and then complete the 
volume to 1 L. Filter through 11 μm Whatman qualitative 
paper filter. Store the solution at 4 °C. 

2. Separating gel buffer: 1.5 M Tris–HCl at pH 8.8. Add 600 mL 
of water to a beaker. Using a magnetic stirrer, dissolve 181.7 g 
of Tris, then adjust the pH to 8.8 with HCl (see Note 2). 
Complete the volume to 1 L and filter through 11 μm What-
man qualitative paper filter. Store the solution at 4 °C. 

3. Stacking gel buffer: 0.5 M Tris–HCl at pH 6.8. Add 600 mL of 
water to a beaker. Using a magnetic stirrer, dissolve 60.6 g of 
Tris, then adjust the pH to 6.8 with HCl (see Note 2). Com-
plete the volume to 1 L and filter through 11 μm Whatman 
qualitative paper filter. Store the solution at 4 °C.
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4. Gelatin solution: 1% solution in water. Add 0.1 g of gelatin 
(type A) to 10 mL of water in a sterile 15 mL tube (see Note 3). 
Bring the temperature of the solution to approximately 40 °C 
in a water bath until complete dissolution. Cool to room 
temperature for a brief period just before use. Prepare fresh 
every time. 

5. Sodium dodecyl sulfate (SDS) solution: 10% solution in water. 
Add 200 mL of water to a beaker. Using a magnetic stirrer, 
dissolve 25 g of SDS (see Note 4). Mix slowly, to prevent the 
formation of bubbles until complete dissolution. Complete the 
volume to 250 mL and filter through 0.45 μm Whatman 
membrane filter. Store the solution at room temperature. 

6. Tetramethylenediamine (TEMED): Keep at room temperature 
in a dark bottle (see Note 5). 

7. Ammonium persulfate (APS): 10% solution in water. Add 0.1 g 
of APS to 1 mL of water in an Eppendorf tube. Allow APS to 
completely dissolve and filter through 0.22 μm syringe filter 
(see Note 6). 

8. Electrophoresis running buffer (10×): 1.92 M glycine, 
250 mM Tris, and 1% SDS at pH 8.3–8.5. Dissolve 576.8 g 
of glycine, 121.14 g of Tris, and 40 g of SDS in 3 L of water. 
Adjust the pH to 8.3–8.5 with NaOH and complete the vol-
ume to 4 L before filtering through 11 μm Whatman qualita-
tive paper filter. Confirm that the conductivity of the buffer 
approximates 5.0–5.5 mS (see Note 7). Store the buffer at 
room temperature. 

9. Stock solution of 1.25 M Tris–HCl at pH 6.8: Dissolve 7.57 g 
of Tris in 35 mL of water in a beaker using a magnetic stirrer, 
then adjust the pH with HCl (see Note 2). Complete the 
volume to 50 mL. Filter through 0.45 μm Whatman mem-
brane filter and store the solution at 4 °C. 

10. Nonreducing loading buffer (Laemmli 5X): 312.5 mM Tris– 
HCl pH 6.8, 40% glycerol, 10% SDS, and 0.0313% bromo-
phenol blue. In a sterile 15 mL tube, dissolve 1 g of SDS in 
2.5 mL of 1.25 M Tris–HCl pH 6.8 stock solution. Add 4 mL 
of glycerol before completing the volume to 10 mL with water. 
Finally, add 3.13 mg of bromophenol blue and homogenize 
the solution by vortexing for 30 s then by mixing on a shaker 
for 5 min. Aliquots of 1 mL can be stored at -20 °C. 

2.2 Solutions for 

Zymography 

1. Renaturing solution: 2.5% Triton X-100. Add 2.5 g of Triton 
X-100 to 85 mL of water in a glass beaker equipped with a 
magnetic stirrer. Cover with Parafilm and stir for 20 min. Once 
fully dissolved, complete the volume to 100 mL with water. 

2. Development buffer (5×): 1 M NaCl, 25 mM CaCl2, 250 mM 
Tris–HCl, and 0.1% Brij-35 at pH 7.6 (see Note 8). Dissolve
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58.44 g of NaCl, 3.675 g of CaCl2·H2O, 30.29 g of Tris, and 
10 mL of Brij-35 10% solution in 750 mL of water. Heat the 
solution to 37 °C and adjust the pH to 7.6 with HCl (see Note 
9). Complete the volume to 1 L with water and store at 4 °C. 

3. Staining solution: 0.1% Coomassie Blue R-250, 40% methanol, 
and 10% glacial acetic acid. Dissolve 4 g of Coomassie Blue 
R-250 in 1.6 L of methanol in an Erlenmeyer (see Note 10). 
Cover with Parafilm to prevent evaporation and stir for 1 h. 
Add 0.4 L of glacial acetic acid and stir for 3 h. Add 2 L of water 
and stir for 30 min. Filter through 11 μm Whatman qualitative 
paper filter and store solution at room temperature. 

4. Destaining solution: 30% methanol and 7.5% glacial acetic acid. 
Add 6 L of methanol and 1.5 L of glacial acetic acid to 12.5 L of 
water in a 20 L polypropylene carboy. Stir well and store at 
room temperature. 

5. MMP standard solutions can be obtained from media 
conditioned in vitro by certain cell lines or upon treatment 
with specific chemicals (see Note 11): 

(a) Pro-MMP-2 standard: Culture U87 glioblastoma cells at 
80% confluence in Eagle’s Minimum Essential Medium 
(EMEM) with 10% fetal bovine serum (FBS), 100 units/ 
mL penicillin, and 100 μg/mL streptomycin. Starve the 
cells overnight in serum-free medium [12]. Harvest the 
conditioned culture medium and centrifuge at 3500 rpm 
for 5 min. Collect the supernatant, aliquot, and store at -
80 °C. 

(b) MMP-2 standard: Culture U87 glioblastoma cells at 80% 
confluence in EMEM with 10% FBS, 100 units/mL peni-
cillin, and 100 μg/mL streptomycin. Starve the cells over-
night in serum-free medium in the presence of 30 μg/mL 
concanavalin A (ConA) [13, 14]. Harvest the conditioned 
culture medium and centrifuge at 3500 rpm for 5 min. 
Collect the supernatant, aliquot, and store at -80 °C. 

(c) Pro-MMP-9: Culture human HL-60 promyelomonocytic 
cells in Iscove’s Modified Dulbecco’s Medium with 20% 
FBS, 2 mM L-glutamine, 100 units/mL penicillin, and 
100 μg/mL streptomycin. Starve cells overnight in 
serum-free medium containing 0.3 μM phorbol-12-myr-
istate-13-acetate (PMA) [15–17]  (see Note 12). Harvest 
the conditioned culture medium and centrifuge at 
1200 rpm for 5 min to pellet the cells. Collect the super-
natant, aliquot, and store at -80 °C.
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2.3 Solutions for 

Clinical Sample 

Preparation 

1. Stock solution 1 M Tris–HCl at pH 7.5: Dissolve 6.06 g of Tris 
in 35 mL of water in a beaker with a magnetic stirrer, then 
adjust the pH with HCl (see Note 2). Complete the volume to 
50 mL. Filter through 0.45 μm Whatman membrane filter and 
store the solution at 4 °C. 

2. Lysis buffer: 25 mM Tris–HCl pH 7.5, 100 mM NaCl, 1% 
Nonidet P-40 (NP-40), and 1× protease inhibitors cocktail. In 
125 mL of water, add 5 mL of 1 M Tris–HCl stock solution at 
pH 7.5, 5.8443 g of NaCl, and 2 mL of NP-40. Wait until 
entire dissolution and complete the volume to 200 mL with 
water. Aliquot the solution and store at -20 °C. The protease 
inhibitors cocktail is only added immediately before use, at a 1× 
final concentration as per the supplier’s instructions. 

3 Methods 

All procedures from sample preparation to electrophoresis are car-
ried out at room temperature unless otherwise stated (Fig. 2). Use 
ultrapure water as well as clean glassware and containers. Dilute the 
stock solutions to 1× before use. 

3.1 SDS-PAGE 1. Prepare a 9% polyacrylamide separation gel containing 0.1% 
gelatin. Recipe for two gels: In a beaker, mix 5 mL of 30% 
bis-acrylamide, 4.2 mL of separation gel buffer, 5.6 mL of 
water, 1.7 mL of 1% gelatin solution, and 166 μL of 10% SDS 
solution (see Notes 3 and 13). Add 8.3 μL of TEMED and 
83.3 μL of 10% APS to the gel, once the clean glass plates and 
gel cassettes are assembled. 

2. Pour the gel slowly and leave enough space for the stacking gel 
(see Note 14). Cover with a thin layer of isobutyl alcohol (see 
Note 15) and let polymerize for approximately 45–60 min. 

Fig. 2 Summary of the steps for the SDS-PAGE. (Made with BioRender)
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3. Prepare a 3.9% polyacrylamide stacking gel. Recipe for 
two gels: In a beaker, mix 0.65 mL of 30% bis-acrylamide, 
1.25 mL of stacking gel buffer, 3.05 mL of water, and 50 μL 
of 10% SDS solution (see Note 13). Finally, add 5 μL  o  f
TEMED and 25 μL of 10% APS when the gel is ready to be 
poured.

4. Remove the isobutyl alcohol layer covering the polymerized 
separating gel, and gently rinse two to three times with water. 
Remove the excess water with absorbent paper, pour the stack-
ing gel, and insert the comb. Let polymerize for 20–30 min. 

5. Prepare the electrophoresis chamber and fill with 1× electro-
phoresis running buffer (see Note 16). Remove the comb and 
rinse the wells by pipetting running buffer in them. 

6. Prepare the MMP standards and samples by mixing them with 
the nonreducing loading buffer (Laemmli 5X) (see Note 17). 
Limit the quantity of sample loaded as zymography is quite a 
sensitive method (see Note 18). A protein molecular weight 
ladder can also be used to confirm the molecular weight of the 
proteolytic bands; if so, load directly 12.5 μL in one or more 
wells. 

(a) For standards: Thaw the standards’ aliquots and use 20 μL 
to mix with 5 μL of Laemmli 5X. Vortex for 5–10 s and 
load 20 μL in each well. 

(b) For preclinical samples: Collect media conditioned by the 
culture cells and centrifuge at 3500 rpm for 5 min to 
remove any cell debris. Keep only the supernatant. Pipet 
20 μL of supernatant and mix with 5 μL of Laemmli 5X. 
Vortex for 5–10 s and load 20 μL in each well (see Note 
19). The excess supernatant left can be stored at -80 °C 
for further experiments. 

(c) For clinical samples: Collect tissue samples in an Eppen-
dorf tube. Snap-freeze the tubes immediately in liquid 
nitrogen and store at -80 °C. To process the tissue, cut 
it in small pieces of a few mm (see Note 20) and homoge-
nize for 1 min in a mortar on ice with 150–200 μL 
ice-cold lysis buffer. Quantify proteins using a bicincho-
ninic acid (BCA) assay and prepare 20 μL of each sample at 
equal protein concentration. Add 5 μL of Laemmli 5X 
before vortexing for 5–10 s and loading 20 μL in each 
well. The tissue homogenates left are stored at -80 °C. 

7. Run the electrophoresis at 110 V and at constant voltage for 
2 h. Stop electrophoresis once the colored migration front runs 
out of the gel (see Note 21). 

8. Disassemble the gel plates with a spatula and discard the stack-
ing gel. A corner of the separation gel can be slightly cut to help
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Fig. 3 Summary of the steps for the zymography and example of clinical tissue analysis. Following 
electrophoresis, gels are renatured and zymography processed as described in the text (made with BioR-
ender). An example of preclinical human tumor xenograft implanted in mice analyzed by gelatin zymography. 
(A) Invasive tumor from untreated animal with significant latent pro-MMP-9 and latent pro-MMP-2 gelatinolytic 
activity. (B) More invasive tumor phenotype from untreated animal with, in addition to pro-MMP-9 and 
pro-MMP-2 activity, the presence of the active MMP-2 form. (C and D) Remains of tumors resected from 
chemotherapy-treated animals (unpublished data) 

with orientation and well identification. Transfer the separation 
gel in a recipient containing ultrapure water (see Note 22). 

3.2 Zymography All procedures following electrophoresis are carried out at room 
temperature unless otherwise stated (Fig. 3). 

1. Remove the water and add 50 mL of renaturing buffer (see 
Note 23). Incubate 30 min at room temperature with agita-
tion. Repeat a second time. 

2. Rinse five times with water to remove all traces of Triton 
X-100. 

3. Add 50 mL of 1× development buffer and incubate overnight 
at 37 °C. 

4. Discard the development buffer and rinse one to two times 
with water before adding 50 mL of staining solution (see Note 
23). Incubate at room temperature with agitation for 1–2  h.  
The gels must show uniform blue staining.
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5. Make two quick rinses in 25 mL of destaining solution. Incu-
bate 30 min in 50 mL of destaining solution at room tempera-
ture with agitation (see Note 23). Perform two to three more 
washes of 1 h each in 50 mL of destaining solution at room 
temperature with agitation. 

6. Once proteolytic unstained bands are revealed (see Note 24), 
the gels can be put in between plastic protection sheets. Digi-
tize gels using either a scanner or an imager system such as a 
ChemiDoc (see Note 25). 

4 Notes 

1. Bis-acrylamide and acrylamide are neurotoxic, wear appropri-
ate protective equipment when manipulating. 

2. Slowly add pure (36 N) or concentrated (12 N) HCl to bring 
the pH to the desired value, then switch to more diluted HCl. 
Use a pH meter constantly while adding acid so that the pH 
does not drop too low. Be careful to wear protective equipment 
and do not inhale the fumes. 

3. Gelatin may be replaced by other types of substrates depending 
on the MMP to be detected (e.g., casein, collagen, elastin) 
[2]. Keep in mind that this protocol is optimized for gelatin 
zymography; parameters, such as concentration of substrate in 
the gel, electrophoresis running time, or development buffer, 
may need to be optimized to assess the in gel proteolytic activ-
ities of other MMPs. 

4. SDS is a very volatile reagent and should be handled with a 
fume mask on and under a fume hood. 

5. TEMED is prone to oxidation and has a strong odor. It should 
be handled under a chemical hood and do not leave the bottle 
open for long. 

6. Alternatively, the 10% APS solution can be prepared in larger 
volumes, aliquoted, and frozen at -20 °C for later use. Thaw 
one aliquot and use for both the separation and stacking gels 
before discarding. Do not perform multiple freeze-thaw cycles, 
as APS will lose its reactivity. 

7. The conductivity may vary depending on the conductivity 
meter used. If the conductivity is significantly lower or higher, 
verify the quantities used for each ingredient and remake the 
solution. 

8. Inhibitors of MMPs can be added to the incubation buffer to 
confirm that the proteolytic bands arise from the MMPs action. 
1,10-phenanthroline monohydrate is a zinc-chelating agent 
and, as such, can act as a nonspecific MMP inhibitor
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[18]. Phenanthroline can be added at a concentration of 1 mM 
in 1× incubation buffer. 

9. The pH of the incubation buffer needs to be adjusted at 37 °C 
since this is the temperature at which it will be used. Warm the 
incubation buffer solution as well as the pH standards at 37 °C 
in a water bath for a brief moment. Calibrate the pH meter with 
the warm standards before adjusting the pH of the incubation 
buffer. 

10. Try to recuperate as much Coomassie blue as possible by using 
600 mL of the 1.6 L of methanol to rinse the weighing dish 
before adding it to the solution. While doing so, try to also 
rinse the powder residue on the walls of the Erlenmeyer. 

11. If you do not have access to the appropriate cell lines or 
materials, you can also directly buy MMPs as recombinant 
proteins from commercial suppliers. 

12. HL-60 are non-adherent cells, so the conditioned medium 
must be collected and centrifuged to pellet those cells that 
did not adhere upon PMA treatment. 

13. To accelerate the polymerization process, the mix can be 
degassed with a vacuum system for a few minutes before adding 
the TEMED and APS. The quantity of TEMED and APS can 
also be slightly increased to polymerize the gel faster. 

14. To leave enough space for the stacking gel, place the comb 
between the glass plates and make a mark at 0.5 cm underneath 
its teeth. Remove the comb before pouring the separation gel 
up to that mark. 

15. Be careful to slowly add the isobutyl alcohol without disturb-
ing the gel underneath as the polymerization has already 
started. Otherwise, the subsequent migration may be uneven. 

16. Make sure the small glass plate is facing the gasket. Fill the 
small chamber first with 1× electrophoresis running buffer and 
verify that it is not leaking before filling the big chamber. 
Reassemble the chamber if there is a leak as it will result in an 
uneven migration or a power supply error code during the 
electrophoresis. 

17. Do not heat the samples as you are working in denaturing but 
nonreducing conditions to retain the proteolytic activity of the 
enzymes. Do not use Laemmli loading buffer containing 
β-mercaptoethanol either. However, make sure the Laemmli 
is at room temperature before use to ensure it has a good 
fluidity and to prevent pipetting errors. Likewise, do not 
work on ice as this may thicken the sample mix. 

18. Zymography is a technique more sensitive than Western Blot-
ting in assessing MMP levels and activation status. Proteolytic 
bands can be observed as low as 10 pg of MMP level in a sample
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[2]. For MMP-2 and MMP-9, discernible bands can be seen at 
1–2 μg  [19]. 

19. For clinical tissue samples, zymography can be performed in a 
quantitative manner using equal protein concentration instead 
of constant volume. 

20. The pieces of tissue should approximate 50–60 mg in total. Do 
not use exact weights as it prolongs the manipulation time and 
increases the risks of protein degradation. 

21. The running time can be shortened to 90 min, but there will be 
less separation between the gelatinase bands. The percentage of 
polyacrylamide gels can also be lowered to 7–8% if the aim is to 
see dimeric forms or better separation of pro-MMP and active 
MMP. However, this may cause a loss in band sharpness 
[5, 19]. 

22. To prevent breakage of the gel, put water in a container first 
and slowly lift one corner with the spatula while holding the 
glass upside down. Dip the corner in the water and let the gel 
slide in the container by itself. 

23. This volume may vary depending on the container used. The 
solution should cover completely the gel and not overflow 
when agitated. 

24. If the bands are still too faint after 4 h of destaining, samples 
can be concentrated by using centrifugal filter device. Be sure 
to select a column with a molecular weight cut off under the 
size of your MMP. 

25. Zymography is a semiquantitative method that can measure 
relative quantities of latent and active MMPs [2, 5, 7]. Densi-
tometric analysis of the proteolytic bands can be achieved using 
ImageJ or another image analysis software [2, 6, 19]. 
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