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Featured Application: Porphyromonas gingivalis is an oral bacterium that uses gingipains as its
primary invasion factor to cause periodontitis and certain systemic diseases in humans. To study
the underlying mechanisms employed by gingipains, a simpler and quick approach is required
to examine the protease activity. In the present study, passive diffusion-mediated protein elution
and gelatin zymography methods were demonstrated to isolate and characterize the gingipains.
This study found that an eluted protein with a molecular weight of about 180 kDa exhibited both
Rgp and Kgp activity. While in the gelatin zymography, the proteins with a molecular weight of
approximately 50 kDa, and above 245 kDa were found to be arginine-X gingipains when specific
selective inhibitors, Leupeptin and Cathepsin B inhibitor II were used. The present study proto-
col will allow a more efficient separation of targeted protein samples with a greater difference in
isoelectric point.

Abstract: Gingipains (RgpA, RgpB, and Kgp) are major virulence factors of the periodontitis-
causing bacterium Porphyromonas gingivalis. Isolation of gingipains from the crude protein sam-
ple of P. gingivalis is critical for studying the underlying invasion mechanism that contributes to
periodontitis, Alzheimer’s disease, and cardiovascular disease (CVD). Chromatographic processes
and molecular cloning are two standard techniques often used for gingipains isolation, which are
time-consuming and costly. In this study, considerably easier methods based on passive-mediated
diffusion gel elution and gelatin zymogram were used to isolate and characterize gingipains. Impor-
tantly, proteins eluted from Native-PAGE showed enzymatic activity for both Rgp and Kgp. In gelatin
zymography, the proteins with a molecular size of ~50 kDa and above 245 kDa were suggested as
arginine-specific gingipains. The passive diffusion-mediated gel elution method is a simpler tech-
nique to isolate gingipains from crude protein samples of P. gingivalis. By using covalent and highly
specific gingipain inhibitors, gelatin zymography enabled an individual characterization of gingipain
activity and inhibition. Finally, this protocol can be easily extended by adding the isoelectric focusing
to further improve the protein separation and characterization.
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1. Introduction

Periodontitis is a serious and persistent inflammatory illness that affects approximately
20% to 50% of the world’s population [1]. The consequences of individuals that suffered
from periodontitis not only have a high risk of losing their teeth but also tend to develop
certain systemic diseases like cardiovascular diseases and diabetes [1,2]. According to
several studies, Porphyromonas gingivalis has also been linked to the progression of the
illness, such as Alzheimer’s disease [3], rheumatoid arthritis [4,5], and cardiovascular
diseases [6,7].

P. gingivalis is an anaerobic, black-pigmented oral pathogen with outer lipopolysac-
charides and fimbriae that only colonize the subgingival area of humans [8,9]. These
bacteria are closely linked to the development and progression of periodontitis [2,10,11].
When P. gingivalis invade and colonize subgingival areas of humans, they will tend to
produce a complex bacterial biofilm with other oral bacteria and resulting in long-lasting
inflammation, loss of gingival connective tissues, and resorption of alveolar bone [12–14].

Three forms of cysteine proteases termed gingipains are produced by P. gingivalis,
which are crucial for their pathogenesis, retrieval of amino acid and heme from the host,
and maturation of their fimbriae [15,16]. Gingipains are the key proteases that are involved
in bacterial proteolytic activity [2,17]. There are several mechanisms are proposed to be
employed by gingipains to help this oral bacterium to invade humans [18,19]. Gingipains
are subdivided into two types, arginine (Rgp) and lysine gingipains (Kgp). RgpA (~95 kDa)
is made up of one catalytic and several adhesion/hemagglutinin domains, which bonded
non-covalently to form a complex protein [15,16]. RgpB (~48 kDa) comprises only the
catalytic domain [15,16]. Kgp (~105 kDa) is similar to RgpA also consists of one catalytic
and three to four adhesion/hemagglutinin domains, which differ between the strains of
P. gingivalis [15,16].

A few chromatographic techniques are employed to separate the gingipains into
their constituent parts in order to isolate and analyze them [20–22]. Besides that, cloning
approach also be employed to produce gingipain of interest [17,23,24]. Nonetheless, these
approaches are laborious, costly, and impracticable especially when a quick check of
gingipains activity is required. In this study, relatively simpler, easier, and quick methods
to isolate and characterize gingipains using passive diffusion-mediated gel elution and
gelatin zymogram were demonstrated.

2. Materials and Methods

The flowchart given in Figure 1, demonstrates the simplified procedure for isolation
and characterization of gingipains developed in the present study. The gingipains were first
isolated using the passive diffusion-mediated gel elution method and further characterized
using gelatin zymography.

2.1. Cultivation of P. gingivalis HG66 Strain

As per Potempa & Nguyen’s (2007) [21] protocols, P. gingivalis was grown in anaerobic
conditions at 37 ◦C with 5% yeast extract, 1% hemin, 5% (w/v) L-cysteine, and 0.5 mg/mL
menadione as supplements [21].

2.2. Preparation of Crude Protein of P. gingivalis HG66

The culture of P. gingivalis HG66 was centrifuged for 30 min at 12,000 rpm, 4 ◦C.
The bacterial brownish supernatant was collected. The pre-chilled acetone was added
slowly and made the final concentration 60%. The mixture was centrifugated for 30 min at
12,000 rpm, 4 ◦C to obtain protein pellet. The protein pellet was further resuspended with
ice-cold 4,4′-dithiopyridine disulfide buffer [20 mM Bis-Tris, 150 mM NaCl, 0.02% NaN3,
and 1.5 mM 4,4′-dithiopyridine disulfide, pH 6.8] and incubated on ice for 1 h. The protein
was dialyzed against dialysis buffer [20 mM Bis-Tris, 150 mM NaCl, 5 mM CaCl2, and
0.02% NaN3, pH 6.8] overnight at 4 ◦C with 2 changes. The dialyzed protein was further
concentrated using Amicon® PM-30 membrane with centrifugation for 30 min at 5000 rpm,
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4 ◦C. This procedure was conducted as described by Potempa & Nguyen (2007) with slight
modifications [21].
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Figure 1. An overview of the studies performed to isolate and characterize the gingipains is shown
in the flowchart above.

2.3. Isolation of Gingipains Using Passive Diffusion-Mediated Gel Elution Method
2.3.1. Sample Preparation

The crude protein sample was prepared as mentioned above in Section 2.2. The sample
was mixed with 5× Native Gel sample loading buffer (300 mM Tris-HCl, 30% glycerol,
0.02% bromophenol, pH 6.8) [25]. The sample was mixed well and thoroughly with gentle
pipetting and incubated at 20 ◦C for 10 min.

2.3.2. Native-PAGE Electrophoresis

All sample was loaded onto the Native-polyacrylamide gel (with the ratio of acry-
lamide: bisacrylamide in 29:1) using the Laemmli discontinuous buffer system. The entire
gel was made up of 10% resolving gel and 6% stacking gel that was surrounded with
running buffer [25 mM Tris, 190 mM glycine, and 0.1% SDS, pH 8.3]. The gel was run at
110 V constantly for 90 min [25].

2.3.3. Elution of Protein

The electrophoresed gel was cut into strips using a sterile disposable blade. One
protein ladder and one separated gingipains sample gel strips were stained with Coomassie
Brilliant Blue staining buffer [0.05% Coomassie Brilliant Blue R-250, 30% ethanol, and
10% acetic acid], followed by de-staining with de-staining buffer [30% ethanol and 10%
acetic acid]. The stained protein gel strips were used as the reference to identify the target
proteins. Using a sterile blade, the protein bands of interest were sliced out carefully from
the unstained gel strip. The sliced gels were crushed using a disposable homogenizer
(Takara BioMasher, Kusatsu, Japan) after adding 300 µL elution buffer [50 mM Tris-HCl,
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150 mM NaCl, and 0.1 mM EDTA pH 7.5]. The obtained samples were incubated at
4 ◦C overnight and centrifugated for (10,000 rpm, 4 ◦C) for 15 min. The supernatants
of eluted proteins were obtained and their gingipains activity was then examined. The
aforementioned procedures were conducted as described by Burgess et al. (2009) with
minor modifications [26].

2.3.4. Gingipains Activity Assay

To prepare the gingipains samples for the Rgp and Kgp activity assays, 20 µL and
50 µL of the sample were diluted in deionized water to a final volume of 90 µL, respectively.
A 100 µL of 2× gingipains assay buffer [200 mM Tris-HCl, 150 mM NaCl, 5 mM CaCl2,
0.02% NaN3, pH 7.6] in a 96-wells plate, followed by adding 90 µL of prepared gingipains
samples. Then, the samples were incubated for 10 min at 37 ◦C. After incubation, the
colorimetric substrate, Bz-L-arginine-pNA (Sigma-Aldrich, St. Louis, MO, USA), and
Ac-Lys-pNA (Bachem, Bubendorf, Switzerland) for testing Rgp and Kgp activity assay
were added, respectively. Using a microplate reader (Infinite® 200 PRO, Tecan Group,
Männedorf, Switzerland), the absorbance was measured at 405 nm [21].

2.4. Characterization of Gingipains
2.4.1. SDS-PAGE

The gingipains sample were treated with 5× of the non-reducing sample solubilizing
buffer (300 mM Tris-HCl, 10% SDS, 30% glycerol, 0.02% bromophenol, pH 6.8) and boiled
for 5 min at 100 ◦C. To the sample mixture, a 1:10 of the reducing agent, β-mercaptoethanol,
was added and heated for 5 min at 100 ◦C. The sample was placed onto SDS-polyacrylamide
gel (10% resolving gel and 6% stacking gel with acrylamide to bisacrylamide ratio: 29:1).
The gel was electrophoresed at 110 V for 90 min continuously [21].

2.4.2. Gelatin Zymography
Sample Preparation

The gingipains sample were prepared as per described by Toth & Fridman (2001) [27].
The gingipains sample was mixed with 5× non-reducing sample solubilizing buffer (β-
mercaptoethanol was omitted). Furthermore, the gingipains sample was incubated for
15 min at room temperature. For characterization purposes, proteases-specific inhibitors
were incorporated into the sample mixture. A 200 µM of Leupeptin inhibitor, (Nacalai
Tesque, Kyoto, Japan), 20 µM of Cathepsin B inhibitor II (Sigma-Aldrich), and 2 mM of
TLCK (Sigma-Aldrich) was added to the gingipains sample, respectively, to test their
gingipain proteases activity. This was performed in accordance with Hashimoto’s (2017)
with slight modification [28].

Gelatin Zymography

The gingipains sample was loaded on the gelatin-SDS-polyacrylamide gel (with 0.1%
gelatin incorporated into the 10% resolving gel) [27]. The gel was electrophoresed at 110 V
constantly for 90 min.

Gel Renaturation and Incubation

The gel was removed from the electrophoretic glass plate after electrophoresis properly.
The gel was first gently agitated twice for 15 min in distilled water before being washed
with 2.5% (v/v) Triton X-100. After renaturation, the electrophoresed gel was treated with
an incubation buffer containing 50 mM Tris-HCl, 5 mM CaCl2, and 0.02% (v/v) Triton X-100
for 2 h at 37 ◦C [27]. This activated the gingipains proteases.

Gel Staining

The electrophoresed gelatin-SDS-polyacrylamide was stained with Coomassie Brilliant
Blue staining buffer for 30 min at room temperature with gentle agitation following the
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renaturation and activation processes. A de-staining buffer was used to remove the stain
from the gel until clear and translucent bands could be seen.

3. Results
3.1. Purification: Passive-Diffusion Mediated Elution Method

We have demonstrated that the passive diffusion-mediated gel elution method can
be an alternative method to have a quick check on the gingipain activity in the crude
sample without any pre-treatment. The first trial used the passive diffusion-mediated
elution method to separate the gingipain mixture into their individual components (RgpA,
RgpB, and Kgp). Under the native condition of gel electrophoresis, a total of six bands
were observed on the gel (Figure 2). The clear and sharp bands that were found on the
gel, were selected, excised out from the gel, and further subjected to gingipains activity
assay. The protein bands with a molecular weight of approximately 180 kDa gingipains
were shown to have both Rgp and Kgp activities, but other eluted protein bands had very
low or even no activity for either Rgp or Kgp activity, as indicated in Table 1. The eluted
protein that showed little or even no gingipains activity indicated the presence of other
secreted proteins from P. gingivalis.
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Figure 2. Native-PAGE of crude protein samples. The gingipains samples were solubilized in non-
reducing solubilizing sample buffer and electrophoresed at 110 V for 90 min. Lane 1 was BLUeye
pre-stained protein standards while Lane 2 and 3 were the crude protein samples.

Table 1. Gingipain activity assay for eluted proteins.

Samples Positive
Control 1 ~25 kDa 2 ~35 kDa 2 ~48 kDa 2 ~63 kDa 2 ~180 kDa 2 ~245 kDa 2

Absorbance (OD405nm) 3

Rgp activity 0.073 0.074 0.064 0.078 0.075 0.101 0.073

Kgp activity 0.079 0.085 0.085 0.061 0.081 0.091 0.080
1 Positive control refers to background signal with the colorimetric substrates, L-BAPNA and Ac-Lys-pNA added.
2 Protein eluted from the polyacrylamide gel. 3 Absorbance value refers to the mean of the OD405nm of the
gingipains activity of the eluted proteins.
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3.2. Characterization of Gingipains
3.2.1. SDS-PAGE

After acetone precipitation, the crude protein sample was examined with 10% poly-
acrylamide gel. Multiple bands were observed in the gel with a molecular size range
between 17 kDa to 75 kDa. Since gingipains can be separated into RgpA, RgpB, and Kgp,
three or more bands were anticipated to be observed (Figure 3).
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Figure 3. SDS-PAGE of crude protein samples after acetone precipitation. The fractions were boiled
in reducing solubilizing sample buffer and electrophoresed on 10% SDS polyacrylamide gel at
110 V for 90 min. Lane 1 was BLUeye pre-stained protein standards and Lane 2 was the crude
gingipains sample.

3.2.2. Gelatin Zymography

Further characterization of catalytic transparent bands that observed on gelatin zymo-
gram gel was done by incorporating selective inhibitors, Leupeptin inhibitor and Cathepsin
B inhibitor II for identifying the arginine-specific gingipain (Rgp) and lysine-specific gingi-
pains (Kgp), respectively [21,29,30]. Polyacrylamide gel electrophoresis of the partially
purified gingipains under non-denaturing conditions showed two apparent bands with the
molecular weight ranging from 48 kDa to 75 kDa and a band above 245 kDa (Figure 4a).

In the gelatin zymogram with leupeptin inhibitor, the bands with a molecular weight
of approximately 50 kDa and 245 kDa were not observed (Figure 4b). All bands were
observed in the gelatin zymogram without the inhibitor and were similarly observed in the
gel for the gelatin zymogram with Cathepsin B inhibitor II (Figure 4c). In gelatin zymogram
with TLCK inhibitor, there was a significant reduction of bands intensity with the molecular
weight in the range of 48 kDa to 75 kDa (Figure 4d). The catalytic bands observed in gelatin
zymogram for current study were consistent with those described in Potempa et al. (1995);
the major catalytic zone of HG66 strains was found on the very top of the gel and in the
molecular weight range between 48 kDa to 52 kDa area the gel. From this, the catalytic
zones that were observed on the very top and between the molecular weight range of
48 kDa to 52 kDa in the gelatin zymogram were strongly indicated as arginine-specific
gingipains (RgpA and RgpB), which are also suggested as gelatinase.
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(3) Cathepsin B inhibitor II. (d) Crude gingipains sample treated with (2) and without (3) TLCK
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4. Discussion

To separate the gingipains into their constituents, a variety of procedures are em-
ployed. This is due to the fact that gingipains are the key invasion factor used by these
bacteria to cause periodontitis [31]. Therefore, it is critical to isolate and characterize gingi-
pains that enable the researchers to explore and understand their underlying invasion
mechanisms [32,33]. In a previous study, a variety of chromatographic methods were com-
bined to separate the gingipains into their component parts [22]. Besides chromatography
techniques, other methods, including cloning the gingipain encoding gene into a bacterial
vector that allows them to express the recombinant protein, are also employed for gingipain
purification [24,34]. However, the methods used to isolate the gingipains in the past are
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time-consuming and difficult. Consequently, this study demonstrated a quick and an easy
solution to solve this issue.

In the present investigation, reducing SDS-PAGE, non-reducing gelatin zymogram,
and Native-PAGE all showed a significantly different amount of protein bands. The protein
samples in SDS-PAGE are first reduced by β-mercaptoethanol and then further boiled
at 100 ◦C before electrophoresis, which results in a partial or completely dissociation of
non-covalently linked gingipains complexes. Multiple bands were seen to develop on
the non-denatured SDS-PAGE in earlier research, which led to the conclusion that RgpA
and Kgp are made up of numerous domains that are not covalently connected [21,35,36].
Whereas the protein samples that are subjected to gelatin zymogram are not reduced
and heated showed a slightly higher molecular weight on the gel, which indicates that
gingipains are comprised of catalytic domains bound to several hemagglutinin/adhesin
domains, which remain intact as a protein complex without the treatment of a reducing
agent and boiling [35]. In the present investigation, the number of protein bands and
their molecular weight was identical to those found in Potempa et al. (1995) [37]. The
dissociation of the gingipain’s catalytic domain and hemagglutinin/adhesion domains are
thus indicated by the reduced molecular weight and appearance of numerous bands on the
SDS-PAGE gel [35].

According to earlier research, gingipains are known to be produced and secreted in var-
ious forms depending on the strain of P. gingivalis [22,38]. The arginine-specific gingipain,
RgpA is a complex protein with approximately 95 kDa to 110 kDa, which is composed of
one catalytic domain (~50 kDa) and several non-covalently bonded adhesin chains (44 kDa,
27 kDa, 17 kDa, and 15 kDa) [39]. RgpA is mostly found in the form of single polypeptide
molecule with a molecular weight in the range between 70 kDa to 90 kDa. While RgpB, the
other arginine-specific gingipain, can exist either in monomeric form as catalytic domain
(~48 kDa) or membrane-associated form as mt-RgpB (~70–90 kDa) [25,26,40,41]. The sec-
ond major proteinase, Kgp, a lysine-specific gingipain, also consists of one catalytic domain
(~60 kDa) and several non-covalently linked hemagglutinin/adhesin domains (44 kDa,
30 kDa, 27 kDa, 17 kDa) [39].

Protein elution from an electrophoresed gel using diffusion methods is a relatively
simpler and cost-saving method to extract and purify the target proteins [25,26,40,41].
Native-PAGE is an excellent method for protein isolation because gel electrophoresis is
performed under non-denaturing conditions, allowing the native proteins to be recovered
after separation [25]. In Native-PAGE for the current study, an eluted protein with the
molecular weight of approximately 180 kDa showed the gingipain activity for both Rgp
and Kgp. This might be due to both Rgp and Kgp having a nearly identical hydrodynamic
sizes and isoelectric point. Additionally, the important factors such as molecular size,
ionic charge, and shape of native proteins fully determine their migration rate through the
non-denaturing gel [25]. Thus, both arginine-X gingipains and lysine-X gingipains with
similar physical and chemical properties will migrate at a similar rate through the gel [29].

From the gelatin zymogram, bands corresponding to either Rgp or Kgp were identi-
fied by incorporating the selective inhibitors during the protein sample preparation [34].
Leupeptin inhibitor is a selective inhibitor that specifically inhibits the activity of Rgp as
previously described [42] while Cathepsin B inhibitor II is an artificially synthesized tripep-
tide that specifically inhibits Kgp activity [43]. According to the study of Grudkowska et al.
(2003), the universal inhibitor of serine proteinases (e.g., PMSF) will not inhibit the serine
proteases’ activities fully because of the short half-life. The incorporation of the universal
inhibitor into the sample of gelatin zymogram will cause the reduction of the intensity of
the transparent catalytic zone formed on the gel. On the other hand, the addition of an
irreversible inhibitor (e.g., E-67) into the sample of gelatin zymogram, which binds to the
active site of the enzyme covalently leads to the disappearance of the relevant transparent
catalytic zone formed on the gel [44]. In Figure 4, the number of transparent bands that
observed in (a) and (b) are different from those in (c) and (d), this might be due to the
concentration of proteinase-containing sample loaded in the gel and the overstaining of
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the gelatin-SDS-polyacrylamide gel led to the loss of the sensitivity [34,36]. The molecular
weight of the catalytic bands observed in the gelatin zymogram differed from those ob-
served in SDS-PAGE due to omitting the boiling procedure during the sample preparation
to ensure their structure remains intact to preserve their catalytic properties [27]. Triton
X-100 was used to restore their catalytic activity because it is non-ionic and can replace the
ionic SDS that surround the proteases [27]. This method was employed to characterize the
different forms of gingipains because zymogram is a highly sensitive approach to detect
the proteinase even in their pro-enzyme state, and due to ionic detergent, SDS treatment
will cause conformational changes of proteins, which activates their catalytic activities [28].
Figure 5 outlines the detail the protocol for isolation and characterization of gingipains.
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4.1. Developing and Detailing a Protocol for Isolation and Characterization of Gingipains
4.1.1. Gingipains Preparation

1. Prepare 500 mL of P. gingivalis HG66 cell-free culture supernatant by centrifuging it
for 30 min at 12,000 rpm, 4 ◦C. Discard the pellet and preserve the supernatant on ice.

2. Add 750 mL of ice-cold acetone into the brownish supernatant slowly with vigorous
agitation.
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3. Obtain the protein pellet by centrifugation for 30 min at 12,000 rpm, 4 ◦C.
4. Resuspend the protein pellet with 10 mL of ice-cold 4,4′-dithiopyridine disulfide

buffer (DTDS buffer) and incubate on ice for 1 h with agitation.
5. Transfer the protein into a dialysis bag (MWCO 12,000 to 14,000) and dialyze overnight

at 4 ◦C with 2 changes.
6. Concentrate the protein with ultrafiltration using Amicon PM-30 membrane for 30 min

at 5000 rpm, 4 ◦C.
7. Keep the protein sample at −20 ◦C for future use.

4.1.2. Isolation of Gingipains Using Passive-Diffusion Mediated Gel Elution Method

Sample preparation

1. Transfer 100 µL of gingipains sample into the sterile 1.5 mL microcentrifuge tube.

[Note: Sample volume can be increased to obtain more purified protein]

2. Mix the gingipain sample with 20 µL of 5× non-reducing solubilizing sample buffer
(without SDS and β-mercaptoethanol)

3. Load samples onto Native-polyacrylamide gel.

Perform Gel electrophoresis

Run the gels at 110 V constantly for 90 min.
[Note: The timing of electrophoresis should be adjusted depending on the samples and
gel size]

Elution of protein

1. Cut the electrophoresed gel into 3 strips with a sterile blade.
2. Stain the protein ladder and one sample gel strip with staining buffer for 30 min with

gentle agitation

[Note: Stained gel strip used as the reference to locate the target protein]

3. Cut the target protein bands using the sterile blade and transfer them into the sterile
1.5 mL microcentrifuge tube.

4. Add 300 µL of ice-cold elution buffer.
5. Crush the sliced gel with a disposable homogenizer and incubate for overnight,

at 4 ◦C.
6. Centrifuge the sample for 15 min at 10,000 rpm and collect the supernatant.
7. Test the eluted proteins with a gingipains activity assay.

Gingipain activity assay

1. Prepare the gingipains sample of 20 µL and 50 µL for Rgp and Kgp activity assay,
respectively, and dilute the samples with deionized water, making the total volume of
90 µL.

2. Add 100 µL of 2× gingipain assay buffer to the 96-wells flat bottom microtiter plates.
3. Add 90 µL of prepared gingipains sample as test group; add 90 µL of deionized water

as positive control; add 100 µL of deionized water as blank.
4. Mix the samples well by pipetting them up and down gently.
5. Incubate the samples for 10 min at 37 ◦C.
6. Add 10 µL colorimetric substrate, Bz-L-arginine-pNA (L-BAPNA), and Ac-Lys-pNA

for Rgp and Kgp activity assay respectively.

[Note: For positive control and sample group only]

7. Measure the absorbance at 405 nm.
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4.1.3. Characterization of Gingipains
SDS-PAGE

Sample preparation

1. Transfer 50 µL of gingipains sample into the sterile 1.5 mL microcentrifuge tube.
2. Mix the gingipain sample with 10 µL of 5× non-reducing sample solubilizing buffer

and 6 µL of 10% β-mercaptoethanol.
3. Boil the sample for 10 min at 100 ◦C.
4. Load the samples onto SDS-polyacrylamide gel.

Perform Gel electrophoresis

Run the gels at 110 V constantly for 90 min.
[Note: The timing of electrophoresis should be adjusted depending to the samples and
gel size]

Gel staining

1. Stain the gel with Coomassie gel staining solution for 30 min at room temperature
while agitating it gently.

2. De-stain the gel with the de-staining solution for 30 min until the clear and sharp,
blue-colored bands are visible.

Gel viewing

View the clear and sharp, blue-colored bands form on the SDS-polyacrylamide gel
with UV transilluminator.

Gelatin Zymography

Sample preparation

1. Transfer 5 µL of gingipains sample into the sterile 1.5 mL microcentrifuge tube.

[Note: Sample volume varies depending on target protein]

2. Mix the gingipain sample with 1 µL of 5× non-reducing sample solubilizing buffer
(without β-mercaptoethanol)

3. Add 200 µM of Leupeptin inhibitor (Rgp selective inhibitor), 20 µM of Cathepsin
B inhibitor II (Kgp selective inhibitor), and 2 mM of TLCK (general inhibitor) into
gingipains samples separately.

[Note: In a condition to determine specific proteases, an inhibitor can be incorporated]

4. Incubate the samples for 15 min at room temperature.

[Note: Do not heat the sample because it will inactivate the proteinase’s enzymatic activities.]

5. Load samples onto SDS-gelatin-polyacrylamide gel.

Perform Gel electrophoresis

Run the gels at 110 V constantly for 90 min.
[Note: The timing of electrophoresis should be adjusted depending to the samples and
gel size]

Gel Renaturation/Incubation

1. After electrophoresis, remove the gel from the electrophoretic gel cassette carefully.
2. Place the gel in a clean plastic container and rinse it with distilled water twice for

15 min with gentle agitation.
3. Equilibrate the gel with 100 mL of renaturation buffer for 30 min at room temperature

while agitating it gently.
4. Incubate and activate the proteases present in the gel with 100 mL of incubation buffer

for 2 h at 37 ◦C.
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Gel Staining

1. Stain the gel with Coomassie gel staining solution for 30 min at room temperature
while agitating it gently.

2. De-stain the gel with de-staining buffer for 30 min until the transparent and sharp
bands are observed.

Gel viewing

View the clear bands form on the SDS-gelatin-polyacrylamide gel with the UV transil-
luminator.

4.1.4. Chemicals

Acetone (Merck KGaA, Darmstadt, Germany), Prestained protein standards (Genedi-
reX, Vegas, NV, USA), Coomassie brilliant blue R-250 (Sigma-Aldrich, USA), Acetic acid
(Sigma-Aldrich, USA), Ethanol (Sigma-Aldrich, USA), Gelatin (Sigma-Aldrich, USA), Tri-
ton X-100 (Sigma-Alrich, USA), Sodium dodecyl sulfate (Biobasic, Toronto, ON, Canada),
Tris base (1st Base, Seri Kembangan, Selangor, Malaysia) Acrylamide (Sigma-Aldrich,
USA), N,N′-methylene bis(acrylamide) (Sigma-Aldrich, USA), Glycerol (Sigma-Aldrich,
USA), Bromophenol blue (Merck, Rahway, NJ, USA), Ammonium persulfate (Bio-Rad,
Hercules, CA, USA), Glycine (Bio-Rad, USA), TEMED (Bio-Rad, USA), Sodium chloride
(Friendemann Schmidt, Leipzig, Germany), Calcium chloride (Nacalai Tesque, Japan),
EDTA (HiMedia, Thane, India), Bis(2-hydroxyethyl)amino-tris(hydroxymethyl)methane
(J&K Scientific, San Jose, CA, USA), Sodium azide (Sigma-Aldrich, USA), Nα-Benzoyl-L-
arginine 4-nitroanilide hydrochloride (Sigma-Aldrich, USA), Ac-Lys-pNA hydrochloride
(Bachem, Bubendorf, Switzerland), Leupeptin hemisulfate (Nacalai Tesque, Japan), Cathep-
sin B inhibitor II (Sigma-Aldrich, USA). TLCK inhibitor (Sigma-Aldrich, USA), DMSO
(Sigma-Aldrich, USA).

4.1.5. Equipment

Refrigerated centrifuge (Beckman Coulter, Brea, CA, USA), PowerPacTM Basic Power
Supply (Bio-Rad, Vienna, Austria), Mini-PROTEAN® Tetra Cell (Bio-Rad, Vienna, Austria),
Water bath (Memmert, Schwalbach, Germany), Orbital shaker (Biosan, Warren, MI, USA)
Benchtop micro refrigerated centrifuge (Kubota, Tokyo, Japan), Microplate reader (Tecan,
Switzerland, Europe).

5. Conclusions

Gingipains are one of the virulence factors that are crucial for the pathogenesis of
P. gingivalis to cause infection in humans. Therefore, the isolation and characterization
of gingipains are important to enable researchers to explore and understand the possible
invasion mechanisms to cause the development and progression of periodontitis and certain
systemic diseases. In the current study, the relatively simple and cost-saving approaches
to isolate and characterize the gingipains by using the passive-diffusion mediated elution
method and gelatin-zymography were demonstrated. Native-PAGE is an alternative and
quick method to isolate the gingipains. Gelatin zymogram is also one of the powerful
approaches to characterize and identify the catalytic domains of the gingipains by using
selective inhibitors This protocol is suitable and can be extended to isolate and characterize
proteins and proteinase samples with a greater difference in their isoelectric point which
allows them to separate more efficiently and make ease of purification and characterization
of proteins.
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