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Three zymographic techniques using casein, fibrin, and
gelatin as substrates in SDS-PAGE were compared based
on three aspects: (1) The proteolytic pattern of
extracellular enzymes from the three bacterial strains,
Bacillus sp. DJ-1, DJ-2, and DJ-3. (2) The enzymatic
sensitivity of their activity on zymogram gels. (3) The
stability of stained zymogram gels with Coomassie
brilliant blue in the destaining solution. There was no
significant difference on the pattern of extracellular
enzymes from the three strains. The bands in the fibrin gel
were clearer and more distinct from the extensive
destaining process. It was also shown that the gelatin gel
revealed the highest enzymatic sensitivity among the three
gels, based on the densitometric analysis. In the casein gel,
a trace that could be mistaken as a proteolytic band
appeared around 40-50 kDa.
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Introduction

Zymographic techniques are used to detect proteolytic enzymes
following electrophoretic separation in gel matrices (Granelli-
Piperno and Reich, 1978; Loskutoff ez al., 1983; Sprengers et
al., 1984). These methods are based on a SDS-polyacrylamide
gel that is co-polymerized with protein substrates that are
degraded by the proteases that are restored during the
incubation period in an enzyme reaction buffer after
electrophoretic separation (Kim et al., 1998). Activities in
zymograms are visualized as clear zones, where proteolytically
active bands have degraded the substrate in the gel.

Various types of protein substrates have been introduced.
Casein (Raser et al., 1995), fibrin (Kim er al., 1998; Choi and
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Kim, 1999, 2000, 2001; Kim and Choi, 1999, 2000), and
gelatin (Heussen and Dowdle, 1980; Kleiner and Stetler-
Stevenson, 1994; Leber and Balkwill, 1997) are wildly used in
the field of protein chemistry. Generally, casein and gelatin
zymographic techniques have been used for protease assay, in
particular, for the quantification of metalloproteinases (Paech
et al., 1994; Kleiner and Stetler-Stevenson, 1994). On the
other hand, fibrin zymography has been used to identify
fibrinolytic enzymes (Kim ef al., 1998; Choi and Kim, 1999,
2001; Kim and Choi, 1999, 2000), or plasminogen activators
(Choi and Kim, 2000).

In this article, we compared three zymography techniques
(casein, fibrin, and gelatin gels) based on the proteolytic
pattern and enzymatic sensitivity of three Bacillus strains DJ-
1, DJ-2, and DJ-3 from Doen-Jang (Kim et al., 1998). We also
compared their stability in the destaining solution as follows:
(1) A comparison of stained zymogram gels before the gel
running. (2) A comparison of stained gels after gel running
without sample loading. (3) A comparison of the proteolytic
bands in zymogram gels. This study provides the merits or
disadvantages of the three zymogram gels, based on their
enzymatic property or sensitivity, as well as the stability of the
stained zymogram gels with Commassie brilliant blue in the
destaining solution.

Materials and Methods

Materials Bovine casein, porcine gelatin (300 Bloom), and
bovine fibrinogen and thrombin (to convert fibrinogen to soft fibrin)
used in this work as protein substrates were purchased from Sigma.

Bacillus strain and culture The three bacterial strains that were
used in this study were isolated from Doen-Jang, a Korean
traditional fermented food, and were identified as the Bacillus sp.
strain from the Korean Collection for Type Cultures (KCTC) (Kim
et al., 1998). We named these three strains Bacillus sp. DJ-1, DJ-2,
and DJ-3. The cells were grown in a tryptic soy broth (TSB, Difco)
at 37°C for 2 days. Then the cells were removed from the culture
broth by centrifugation at 10,000 X g for 10 min.
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Table 1. Preparation of substrate-containing SDS zymogram gels

Component Volume (mL)

Separating gel 12%: 10 mL for minislabs Fibrin Casein Gelatin
(Mini-PROTEIN II, Bio-Rad)
Acrylamide-bisacrylamide, 30%: 0.8% 4 4 4
1.5 M Tris-HCI buffer (pH 8.8) 2.5 2.5 2.5
Bovine fibrinogen (0.012 g/mL) 1
Bovine thrombin (INIH unit/mL) 0.1
Casein (0.012 g/mL) 1
Gelatin (0.012 g/mL) 1
10% SDS 0.1 0.1 0.1
10% (w/v) Ammonium persulfate 0.1 0.1 0.1
TEMED 0.04 0.04 0.04
Distilled water 22 23 23
Total volume 10 mL

Stacking gel 5%: 2 mL for minislabs
Acrylamide-bisacrylamide, 30%: 0.8% 0.33
1.0 M Tris-HCI buffer (pH 6.8) 0.25
10% SDS 0.02
10% (w/v) Ammonium persulfate 0.02
TEMED 0.002
Distilled water 1.38
Total volume 2 mL

Zymography Casein, gelatin, and fibrin zymograms were carried
out as described previously (Kim et al., 1998). Briefly, casein,
gelatin, or bovine fibrinogen (0.12%, w/v) that were dissolved in a
20 mM sodium phosphate buffer (pH 7.4) were co-polymerized
with 12% (w/v) acrylamide, 0.32% (w/v) bisacrylamide, and 375
mM Tris-HCI (pH 8.8) in order to make a running gel. In the case
of fibrin gel, 100 ul of bovine thrombin (10 NIH unit/ml) was
added in the fibrinogen solution to make a soft fibrin. Then 4% (w/
v) acrylamide, 0.11% (w/v) bisacrylamide, and 330 mM Tris-HCl1
(pH 6.8) (no substrate) were used for the stacking gel, then poured
into a mini-gel cast (Bio-Rad) (Table 1). The samples (1 xg) that
were obtained from the culture supernatant of Bacillus sp. DI-1,
DJ-2, and DJ-3 were prepared by diluting the culture supernatant 5-
fold with a zymogram sample buffer (0.5 M Tris-HCI, pH 6.8, 10%
SDS, 20% glycerol, and 0.5% bromophenol blue) (Kleiner and
Stetler-Stevenson, 1994). After the prepared samples were loaded
into the wells, an electrophoresis (Laemmli, 1970) was carried out
in the cold room at a constant current of 12mA. After the
electrophoresis was completed, the gel was incubated for 30 min at
room temperature on a rotary shaker in 50 mM Tris-Cl (pH 7.4),
which contained 2.5% Triton X-100. The gel was washed with
distilled water to remove Triton X-100, then incubated in a
zymogram reaction buffer 30 mM Tris-HCl, pH 7.4, 200 mM
NaCl, 10 mM CaCl,, and 0.02% Brij-35) at 37°C for 12 h. The gel
was stained with Coomassie brilliant blue (0.5%) for 30 min and
then destained in the fixed volume (100ml) of the destaining
solution that contained 10% methanol and 5% acetic acid for a
limited period of time. For quantification, the densities of the
digested bands on the zymograms were analyzed by video
densitometry using Bio 1D ver. 97.04 (Vilber Lourmat, France)

(Kleiner and Stetler-Stevenson, 1994). The protein concentration
was determined according to Bradford’s method (Bradford, 1976)
using bovine serum albumin (BSA) as a standard.

Comparing the staining intensity of three zymographic gels
before the run  After polymerization of each gel, part of it was
cut into disks, stained, and put into a destaining solution. Every 12
h a disk was drawn and kept in distilled water. In order to quantify
the amount of unbounded dye that was released from the stained
gel, the aliquot of the destaining solution from each gel was taken
every 3 h. The absorbance was measured at 595 nm.

Comparing the staining intensity of three zymographic gels
after the run without a sample After the running of each gel
without a sample, part of it was cut vertically into stripes, stained,
and put into a destaining solution. Every 12 h a stripe was drawn
and kept in distilled water. In order to quantify the amount of
released dye from the stained gel, the aliquot of the destaining
solution from each gel was taken every 3 h. The absorbance was
measured at 595 nm.

Results

Zymographic assay Three zymographic gels (casein,
fibrin, and gelatin) were applied to the extracellular proteases
from Bacillus sp. DJ-1, DJ-2, and DJ-3 that were isolated
from Doen-Jang, a Korean traditional fermented food (Kim et
al., 1998). The same pattern of molecular sizes of five, two,
and six extracellular proteases (ECP) from Bacillus sp. DJ-1,
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Fig. 1. Comparison of three substrates (casein, fibrin, and
gelatin) in zymographic gel with the culture supernatant of
Bacillus sp. DJ-1 (1) and DJ-2 (2), isolated from Doen-Jang, a
Korean traditional fermented food. A, B, and C are gelatin,
casein, and fibrin gels, respectively. HMW and LMW mean high
molecular weight and low molecular weight.
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Fig. 2. Densitometric analysis of HMW and LMW (from Figure
1) of Bacillus sp. DJ-2. The densities of the digested bands were
scanned by densitometer. C, F, and G are the initials of casein,
fibrin, and gelatin, respectively. HMW and LMW mean high
molecular weight and low molecular weight. Every bar is based
on the relative value to the maximum activity (gelatin gel). The
bar of each gel was also considered to be the value of the
background densities.

DJ-2, and DJ-3 were detected in the three gels, respectively
(Figs 1 and 5). We compared the enzymatic sensitivity of the
two ECPs, high molecular weight (HMW) and low molecular
weight (LMW), of Bacillus DJ-2 on the three zymographic
gels. Based on the densitometric analysis, the sensitivities of
the HMW (and LMW) on the gelatin gel were 2.03 (1.85) and
2.43 (1.95) times higher than those of casein and fibrin gels,
respectively (Fig. 2). Gelatin (Fig. 1A) and fibrin (Fig. 1C)
gels showed a better resolution of the proteolytic bands than
the casein gel (Fig. 1B).

Comparing the staining intensity of three zymographic
gels before the run  The gelatin gel was destained after 24 h
and showed a pale blue color (Fig. 3A(a)). The casein gel was
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Fig. 3. Comparison of the intensity of stained three zymographic
gels before the gel running. Dye stained gel discs were destained
for limited periods and kept in distilled water (A). The optical
density of the destaining solution of each gel was measured at
595 nm every 3 h (B). (a), (b) and (c) represent gelatin, casein,
and fibrin gels, respectively.

destained after 24 h and maintained a fairly blue color (Fig.
3A(b)). When contrasted to the other gels, the fibrin gel was
destained only a little and maintained a dark blue color (Fig.
3A(c)). The absorbance of the destaining solution revealed
that the gelatin gel lost unbounded dye quickly in 24 h. Also,
the amount of unbound dye was high compared to the other
gels (Fig. 3B). The fibrin gel showed the same time course for
the releasing of unbounded dye, but the amount of unbounded
dye was the lowest among the three gels.

Comparing the staining intensity of three zymographic
gels after the run without samples The results of the
destaining of the gel after the run is shown in Fig. 4. The
gelatin gel was destained after 12 h and showed a pale blue
color in all of the stripes (Fig. 4A(a)). The casein gel was
destained after 12 h and maintained a fairly blue color only on
the upper part of the stripe (Fig. 4A(b)). In particular, in the
casein gel a trace that could be mistaken as a proteolytic band
appeared around 40-50 kDa (arrow marked, Fig. 4A(b)). The
fibrin gel was destained only a little and maintained a dark
blue color on the whole stripe (Fig. 4A(c)). The absorbance of
the destaining solution revealed that the gelatin gel lost
unbounded dye quickly in 12 h, and that the amount of
unbound dye was high compared to the other gels (Fig. 4B).
The fibrin gel showed the same time course for the releasing
of unbounded dye, but the amount of unbounded dye was the
lowest among the three gels.
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Fig. 4. Comparison of the intensity of stained three zymographic
gels after running without sample. Dye stained gel strips were
destained for limited periods and kept in distilled water (A). The
optical density of the destaining solution of each gel was
measured at 595 nm every 3 h (B). (a), (b), and (c) represent
gelatin, casein, and fibrin gels, respectively. An arrow indicates
the trace described in the results (appeared around 40-50 kDa).

Comparing three zymographic gels after the run with
samples Fig. 5 shows the results of the zymography with
the culture supernatant of Bacillus sp. DJ-3. In the case of the
gelatin gel, six bands appeared clearly at first, but they
disappeared during the destaining process (Fig. SA).
Especially affected were the bands that are located in upper
part of the gel. The casein gel also had six bands at first (like
the gelatin gel), but the bands in the upper part of the gel
become paler as the destaining progressed (Fig. 5B). The
bands in the fibrin gel were clear and sustained during the
destaining process (Fig. 5C).

Discussion

Zymography is known as a versatile two-stage technique that
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Fig. 5. Zymography of each gel loaded with the culture
supernatants of Bacillus sp. DJ-3 screened from Doen-Jang. A,
B, and C are gelatin, casein, and fibrin gels, respectively. G1-G6,
C1-C6, and F1-F6 mean the proteolytic bands of each gel.

involves protein separation by electrophoresis, followed by
detection of proteolytic activity in polyacrylamide gels under
non-reducing conditions (Heussen and Dowdle, 1980; Raser
et al., 1995; Kim et al., 1998; Kim and Choi, 1999; Choi and
Kim, 2000). According to the enzyme’s property, casein (for
common protease) (Raser et al, 1995), collagen (for
collagenase or matrix metalloproteinase, MMP), fibrin
(fibrinase) (Kim et al., 1998; Choi and Kim, 1999, 2000;
2001; Kim and Choi, 1999, 2000), gelatin (for gelatinase or
MMP) (Heussen and Dowdle, 1980; Kleiner and Stetler-
Stevenson, 1994; Leber and Balkwill, 1997), and other protein
substrates were used in zymogram gels. The Bacillus strain is
well known for secreting various extracellular proteases (Kim
et al., 1996; Park et al, 1999; Kim and Choi, 2000). We
applied three Bacillus strains (DJ-1, DJ-2, and DJ-3) that were
isolated from Doen-Jang, a Korean traditional fermented food,
to the three-zymographic gels system (casein, fibrin, and
gelatin). There was no significant difference in the pattern of
extracellular proteases from the three Bacillus strains through
the zymogram gels (Figs. 1 and 5). The three gels revealed
that the enzyme activity of each protease vary on the different
substrates, judged from the difference of the same band on the
different gels.

Many reports have demonstrated that zymography is a
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powerful technique for the identification of proteases at
nanogram quantities (Kleiner and Stetler-Stevenson, 1994;
Kim e al., 1998). Through this study, three substrates (casein,
fibrin, and gelatin) that contain gels_'Were compared for their
sensitivity using a densitometric analysis. As shown in Fig. 2,
the gelatin gel showed the highest sensitivity among the three
gels, based on the same molar ratio. i

The blue color intensity of the destained gels may reflect
the difference of the dye binding capacity of the substrate
proteins. The capacity is correlated with the basic amino acid
(Arginine and Lysine) content of the protein (Compton and
Jones, 1985). The destaining result of the gelatin gel could be
explained from its amino acid composition. Gelatin is a
protein that is composed of a repeating unit of Glycine-X
(usually Proline)-Y (usually Hydroxyproline). Therefore, its
dye binding capacity may be low since it has a rather low
number of basic amino acids. Casein (23.6 kDa) is rather
small protein that has 14 basic amino acids, compared to
fibrinogen (about 340 kDa) that has 126 basic amino acids.
Therefore, a weak blue color of destained gel may result from
the difference of strength of the binding site (Congdon et al.,
1993). This result suggests that a good protein substrate would
be one that has more basic amino acids and strong binding
sites. Fibrin, among the three substrates (Fig. 3), showed the
highest binding capacity on the Coomassie brilliant blue.

The color intensity of the destained gels after the run may
reflect the difference in mobility of proteins in SDS-PAGE.
Casein (23.6 kDa) is a rather small protein that moves fast in
the electric field, compared with fibrin (about 340 kDa).
Therefore, the expected result would be a weak blue color of
stained gel. The difference between the casein and fibrin gel
might originate from the size and overall structure of the two
proteins. Gelatin is a mixture of collagen that has different
molecular weights. Therefore, the weak blue color of the gel
after the running might be the result of a low dye binding
capacity. When contrasted to Fig. 3, the peak points of the
unbounded dye releasing time from the zymogram gel before
and after the run were at 24 and 12 h, respectively. This result
means that the electric current affects the binding capacity
between the substrate and dye in the zymogram gel (Figs. 3
and 4). On the other hand, the samples of the zymographic gel
procedures showed a similar result on the dye binding
capacity in the destaining process (data not shown).

The high molecular weight of fibrin (about 340 kDa) allows
a higher binding capacity of Coomassie brilliant blue dye than
those of casein or gelatin. Also, the fibrous structure of fibrin
permits it to be compactly packed into the polyacrylamide
matrix. These factors allow fibrin to remain as a substrate in
its initial co-polymerized gel with acrylamide, even after
electrophoresis. It also contributes to a good resolution of high
molecular weights proteases (F1-F4, Fig. 5).

As a result, we summarized the comparison of the three
substrates (casein, fibrin, and gelatin) in the zymographic gel.
In the three gels, there was no significant difference in the
pattern of extracellular enzymes from the Bacillus strain. The

gelatin and fibrin gels showed the highest enzymatic
sensitivity, as well as the highest dye binding capacity,
respectively. Therefore, the exceptional stability of the
Commassie brilliant blue stained fibrin gel in the destaining
solution allowed the gel to be stored a long time. Whereas, in
the case of the casein gel, a trace, which could be mistaken as
a proteolytic band, appeared by the electric current around 40-
50 kDa. Further study will be required to understand the
interaction between the substrates, loading protein, and
staining dye.
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