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Activity staining of plasma amine oxidase after
polyacrylamide gel electrophoresis and its
application to natural inhibitor screening

Plasma amine oxidase (plasma AO, EC 1.4.3.6) is a copper-containing AO which con-
verts benzylamine (BZ) to benzaldehyde, generating hydrogen peroxide and ammonia.
The peroxidase was used as an ancillary enzyme to couple hydrogen peroxide to
3-amino-9-ethylcarbazole (AEC) to achieve plasma AO activity after electrophoresis
on native polyacrylamide gels. It was confirmed that plasma AO is inhibited by semi-
carbazide but neither by clorgyline nor by deprenyl. We also used plasma AO activity
staining for the screening of natural inhibitors. This fast and sensitive method can be
used in the process of plasma AO purification, characterization, and inhibitor screening.
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1 Introduction

Amine oxidases (AOs) have traditionally been divided into
two main groups, based on the chemical nature of the
attached cofactor [1]. One is the flavin adenine dinucleo-
tide (FAD)-containing enzymes (monoamine oxidase A
(MAO-A), MAO-B and polyamine oxidase) [1, 2]. MAO-A
and -B are well-known mitochondrial enzymes that have
firmly established roles in the metabolism of neurotrans-
mitters (noradrenaline) [2]. The other contains a cofactor
possessing one or more carbonyl groups (diamine oxi-
dase, lysyl oxidase or semicarbazide-sensitive AO
(SSAO)) [3–5]. SSAO (EC 1.4.3.6) is a common name for
a group of heterogeneous enzymes widely distributed in
nature, including plants, microorganisms, and organs of
mammals (vasculature, dental pulp, eye and plasma) [6].
SSAO converts primary amines into the corresponding
aldehydes, generating hydrogen peroxide and ammonia.
Benzylamine (BZ) appears to be a good substrate for all
SSAOs and MAO-B [5], and a variety of other amines
(e.g., serotonin, tyramine, tryptamine, polyamine, dopa-
mine) have been reported to be substrates for some, but
not all, SSAOs. The endogenous compounds aminoace-
tone and methylamine are good substrates for most
SSAOs [1, 7–8]. In recent researches, it was found that
plasma SSAO is raised in diabetes mellitus and heart fail-
ure and is implicated in atherosclerosis, endothelial
damages and glucose transport in adipocytes [9–14].

Several spectrophotometric methods are used to meas-
ure the different types of AO activities based on the use of
specific inhibitors. MAO-A is inhibited by clorgyline and
MAO-B is inhibited by deprenyl or pargyline [2]. SSAO is
inhibited by semicarbazide [1], hydroxylamine or other
hydrazide derivatives [5]. Holt et al. [15] used p-tyramine
as a substrate to measure MAO-A activity on liver homog-
enates following inhibition of MAO-B with pargyline
(500 nM), and to measure MAO-B activity following inhibi-
tion of MAO-A with clorgyline (500 nM). The end product,
hydrogen peroxide, was further metabolized by peroxi-
dase and coupled with 4-aminoantipyrine to detect MAO
activities. Lizcano et al. [16] used methylamine as a sub-
strate to measure SSAO activity. The end product, formal-
dehyde, was further metabolized by formaldehyde dehy-
drogenase and coupled with NAD� to detect SSAO activ-
ities by the increase of the absorbance at 340 nm.

Some reports concern AO activity staining on polyacryl-
amide gel. Falk [17] used nitroblue tetrazolium and phen-
azine methosulfate as staining agents for pig plasma AO.
Paz et al. [18] used a redox cycling staining method (nitro-
blue tetrazolium/glycinate assay at pH 10.0) for quinopro-
tein. Lizcano et al. [19] adopted the method from Paz et al.
[18] for SSAO from bovine lung. However, the Paz et al.
[18] method was suitable only for quinoproteins (such as
SSAO). This method was not suitable for MAO-A and
MAO-B and polyamine oxidase which contained the
cofactor of FAD instead of topaquinone. However, all of
the different types of AO produced hydrogen peroxide
after catalysis. Therefore, the common staining method
for hydrogen peroxide could achieve AO activity staining.
In this research, we used BZ as substrate for commercial
plasma AO activity staining. The end product, hydrogen
peroxide, was further metabolized by horseradish perox-
idase and coupled with 3-amino-9-ethylcarbazole (AEC)
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to detect plasma AO activities after electrophoresis on
native polyacrylamide gels. AEC was cheaper than that
of nitroblue tetrazolium or phenazine methosulfate. We
also used this method for plasma AO natural inhibitor
screenings from Melastoma candidum D. Don and the
hooks of Uncaria rhynchophylla (Miq.) Jack. Both of
them were medicinal plants used in China. This activity
staining method can be used for the characterization of
different types of AO, purity determinations, and natural
inhibitor screenings.

2 Materials and methods

2.1 Materials

Commercial plasma AO from bovine plasma (0.1 unit, 2.8
units/g solid, M-9643), horseradish peroxidase (148 units/
mg solid, type I, P-8125), AEC, BZ, clorgyline, deprenyl,
semicarbazide, N,N-dimethylformamide were all pur-
chased from Sigma Chemical Co. (St. Louis, MO, USA).
Electrophoresis-grade acrylamide and Bis, TEMED and
APS were obtained from E. Merck (Darmstadt, Germany).

2.2 Polyacrylamide gel electrophoresis of
plasma AO

Native gel electrophoresis on 10% acrylamide was per-
formed according to Davis [20]. The vertical mini Pro-
tean 3 system (Bio-Rad Hercules, CA, USA) with
0.75 mm thickness was used. A 75 �L aliquot of commer-
cial plasma AO was mixed with 25 �L of 60 mM Tris buffer
(pH 6.8) containing 14.4 mM 2-mercaptoethanol, 25% gly-
cerol, and 0.1% bromophenol blue.

2.3 Activity staining of plasma AO on native
PAGE gels

When native PAGE was finished, the gels were equili-
brated twice for 20 min in 50 mM phosphate buffer (pH
7.5) before activity staining. Twenty mg BZ and 10 mg
AEC were dissolved in 3 mL dimethylformamide and
then added to 50 mL of 50 mM phosphate buffer (pH 7.5)
as the substrate solution, in which the gel was submerged
and shaken for 5 min. Then, 200 �L horseradish peroxi-
dase (5 mg/mL) was added. The gel was gently shaken
in darkness at room temperature for 20–60 min. The gel
was then destained with 10% acetic acid and washed
with distilled water.

2.4 Screening of natural inhibitors of plasma
AO on native PAGE gels

Several pure flavonoids (isoquercitin, quercetin, rutin)
from Melastoma candidum D. Don were isolated from
70% acetone crude extracts according to the method of
Lee et al. [21]. The hooks of Uncaria rhynchophylla (Miq.)
Jack. were cut into pieces and extracted with two
volumes of 50% ethanol at 50�C for 6 h. The extract was
concentrated under reduced pressure, freeze-dried and
stored in a closed container until use. Each pure com-
pound (10 mg/mL) and crude extracts (50 mg/mL) of Mel-
astoma candidum D. Don and hooks of Uncaria rhyncho-
phylla (Miq.) Jack. were dissolved in DMSO. Ten �L natu-
ral products were mixed with 224 �U plasma AO at 50 mM

phosphate buffer (pH 7.5) overnight and then electropho-
resis on native PAGE for activity staining was performed
according to the methods described above.

3 Results and discussion

The problems of aging-related diseases, such as neuro-
degenerative diseases (e.g., Alzheimer, Parkinson, and
Huntington diseases), have been emphasized recently.
The intricate causes of the aging process are still a matter
of extensive speculation giving rise to many theories; in
particular, the role of the reactive oxygen species is a pre-
requisite nowadays for understanding this process [22–
25]. Another prominent feature accompanying aging, an
increase in catecholamine metabolism, has also attracted
attention, and AO, a key enzyme in this process, has been
studied extensively.

The idea of the present method for plasma AO activity
staining on gels came from Shimoni [26] using 3-amino-
9-ethylcarbazole (AEC) to detect peroxidase activity. For
plasma AO activity staining, the peroxidase could be
used as an ancillary enzyme to further metabolize the
hydrogen peroxide by coupling AEC after electrophoresis
on native polyacrylamide gels. It was necessary to check
the suitable pH conditions for plasma AO and horseradish
peroxidase in this activity staining method. Figure 1
shows plasma AO activity staining on native PAGE gels
at pH 7.5, 7.0, 6.5, and 6.0 (lanes 2 to 5) comparison with
its protein staining (lane 1). It was clear that plasma AO
exhibits highest activity at ph 7.5. This activity staining
method demonstrated a low purity for commercial plas-
ma AO preparations.

Figure 2 shows the sensitivity of the activity staining
method of commercial plasma AO at pH 7.5 on a native
PAGE gel. Lanes 1 to 6 correspond to loads of 1.6, 4.8, 8,
16, 24, and 32 �U plasma AO, respectively. It was found
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Figure 1. Protein staining (lane 1) and activity staining of
commercial plasma amine oxidase at pH 7.5 (lane 2), 7.0
(lane 3), 6.5 (lane 4) and 6.0 (lane 5), respectively, from
bovine plasma in 10% polyacrylamide gels after native
PAGE. Protein loading: for protein staining 7.27 �g pro-
tein, for activity staining 24 �U.

Figure 2. The sensitivity of plasma amine oxidase activity
staining at pH 7.5 on a 10% native PAGE gel. Lanes 1–6,
1.6, 4.8, 8, 16, 24, and 32 �U plasma amine oxidase.

that the sensitivity of this activity staining method was
24 �U (lane 5). Figure 3 shows the protein staining (A)
and activity staining at pH 7.5 (B) of commercial plasma
AO on 10% native PAGE after treatment with different
inhibitors at 4�C overnight. Lane 1, plasma AO as con-
trols; lane 2, plasma AO plus clorgyline (1 mM); lane 3,
plasma AO plus deprenyl (1 mM); lane 4, plasma AO plus
clorgyline (1 mM) and deprenyl (1 mM); lane 5, plasma AO
plus semicarbazide (1 mM). Compared with protein stain-
ing (Fig. 3A), plasma AO treated with semicarbazide (lane
5, Fig. 3B) lost its activity. Therefore, it was concluded that
commercial plasma AO belonged SSAO using BZ as sub-
strates.

The plasma AO activity staining method was used for
screening its natural inhibitors from medicinal plants. We
used pure flavonoids [21] and crude extracts (50 mg/mL)
of Melastoma candidum D. Don and of hooks of Uncaria
rhynchophylla (Miq.) Jack as testing materials for SSAO
inhibitory activity screenings. Figure 4 shows protein
staining (A) and the inhibitory activity staining (B) on
plasma AO by different natural compound treatments.

Figure 3. (A) Protein staining and (B) activity staining at
pH 7.5 of commercial plasma amine oxidase (224 �U) on
10% native PAGE under different inhibitor treatments at
4�C overnight. Lane 1, plasma AO as controls; 2, plasma
AO plus clorgyline (1 mM); 3, plasma AO plus deprenyl
(1 mM); 4, plasma AO plus clorgyline (1 mM) and deprenyl
(1 mM); lane 5, plasma AO plus semicarbazide (1 mM).

Figure 4. (A) Protein staining and (B) inhibitory activity
staining of plasma amine oxidase (224 �U) on 10% native
PAGE under different natural compound treatments. Lane
1, plasma AO as controls; 2, plasma AO plus crude
extracts of Melastoma candidum D. Don (50 mg/mL);
3, plasma AO plus isoquercitrin (10 mg/mL); 4, plasma
AO plus quercetin (10 mg/mL); 5, plasma AO plus rutin
(10 mg/mL); 6, plasma AO plus crude extracts of hooks
of Uncaria rhynchophylla (Miq.) Jack (50 mg/mL).

Lane 1, plasma AO as controls; lane 2, plasma AO plus
rude extracts of Melastoma candidum D. Don; lane 3,
plasma AO plus isoquercitrin; lane 4, plasma AO plus
quercetin; lane 5, plasma AO plus rutin; lane 6, plasma
AO plus crude extracts of hooks of Uncaria rhynchophylla
(Miq.) Jack. From Fig. 4A it can be seen that the protein
staining was not affected by different natural compound
treatments. The crude extracts of Melastoma candidum
D. Don (lane 2) had apparently inhibitory activity toward
plasma AO, while the pure flavonoids, isoquercitrin (lane
3), rutin (lane 5), isolated from Melastoma candidum, did
not show inhibitory activity against plasma AO, however,
quercetin (lane 4) isolated from Melastoma candidum and
the crude extracts of hooks of Uncaria rhynchophylla
(Miq.) Jack (lane 6) showed partially inhibitory activities
against plasma AO. In lane 2 (Fig. 4B), some dark precipi-
tations were observed at the top of the gel. Compared to
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protein staining (Fig. 4A), it was possible that some com-
pounds in the 70% acetone crude extracts of Melastoma
candidum were precipitated during electrophoresis which
could interact with AEC dye and resulted in dark staining
in the stacking gel. Lee et al. [21] reported that the flavo-
noids of isoquercitrin, quercetin and rutin showed MAO-B
inhibitory activity. It might be possible that the SSAO inhi-
bitory activity in crude extracts of Melastoma candidum
might come from quercetin and other compounds other
than isoquercitrin and rutin. The compounds in crude
extracts of hooks of Uncaria rhynchophylla (Miq.) exhib-
ited plasma AO inhibitory activities.

In conclusion, the fast and sensitive activity staining on
native PAGE gels for plasma AO presented in this report
could be applied to any type of amine oxidase which
could produce hydrogen peroxide after different physiolo-
gical substrates metabolism (such as putrescine or cada-
verine for diamine oxidase). It also allows screening the
potential candidates for AO inhibitors from herbal or med-
icinal plants, and performing purity tests and activity
staining in one gel; thus it can be used during enzyme pur-
ification and for characterization of AO from different
sources.
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