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Aleppo tannin: structural analysis and salivary amylase inhibition
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Abstract—The effectiveness and specificity of a tannin inhibition on human salivary amylase (HSA) catalyzed hydrolysis was studied
using 2-chloro-4-nitrophenyl 4-O-b-DD-galactopyranosyl-a-maltoside (GalG2-CNP) and amylose substrates. Aleppo tannin was iso-
lated from the gall nut of Aleppo oak. This tannin is a gallotannin, in which glucose is esterified with gallic acids. This is the first
kinetic report, which details the inhibitory effects of this compound on HSA. A mixed non-competitive type inhibition has been
observed on both substrates. The extent of inhibition is markedly dependent on the substrate-type. Kinetic constants were calculated
from Lineweaver–Burk secondary plots for GalG2-CNP (KEI 0.82 lg mL�1, KESI 3.3 lg mL�1). This indicates a 1:1 binding ratio of
inhibitor–enzyme and/or inhibitor–enzyme–substrate complex. When amylose was the substrate the binding ratio of inhibitor to
enzyme–substrate complex was found to be 2:1, with the binding constants of KEI 17.4 lg mL�1, KESI 14.9 lg mL�1, KESI2

9.6 lg mL�1. Presumably, the tannin inhibitor can bind not only to HSA, but to the amylose substrate, as well. Kinetic data suggest
that Aleppo tannin is a more efficient amylase inhibitor than the recently studied other tannin with quinic acid core (GalG2-CNP:
KEI 9.0 lg mL�1, KESI 47.9 lg mL�1).
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Interactions between salivary components and bacteria
are thought to be important with regards to oral micro-
flora, which play a crucial role in the formation of oral
diseases, including dental caries, periodontal disease and
tooth loss. Dental caries is a multifunctional disease in
which diet, nutrition, microbial infection and host
response play important roles. It has been shown that
human salivary amylase (HSA) takes part in the forma-
tion of dental plaque and subsequent caries formation.
In solution a-amylase binds with high affinity to viridans
oral Streptococci. The bacteria-bound amylase is cap-
able of hydrolyzing starch to oligosaccharides, which
can be used as a food source by the bacteria where it
is metabolized to lactic acid. The local acid production
can lead to the dissolution of tooth enamel, which is a
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critical step in dental caries progression;1,2 as such
inhibition of HSA could decrease the risk of caries
formation.

a-Amylase inhibitors are diverse as they can be syn-
thetic, microbial and of plant origin. Tannins are natu-
ral polyphenolic compounds of high molecular weight,
which form insoluble complexes with proteins. Accord-
ing to their chemical structures tannins are subdivided
into two groups: hydrolyzable and condensed. Hydro-
lyzable tannins are molecules with a polyhydroxy com-
ponent, generally DD-glucose, as a central core. The
hydroxyl groups of these molecules are partially or to-
tally esterified with phenolic compounds, such as gallic
acid (gallotannins) or ellagic acid (ellagitannins).3,4

The antimicrobial effects of tannins have been widely
recognized. Kakiuchi and co-workers5 have studied sev-
eral traditional Chinese medicines for antibacterial
activity against Streptococcus mutans, a primary cario-
genic bacterium. Gallotannin-rich extracts inhibited
the adherence of S. mutans to smooth surfaces.6
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Figure 1. ESI mass spectrum of Aleppo tannin.
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The tannins have general protein complexing proper-
ties, which can cause variable enzyme inhibition. For
example, teaflavins and galloylated flavan-3-ols are
known to have antiglucosyltransferase activity.7 The
inhibitory effects of hydrolyzable and condensed tan-
nins,8 polyphenols and tannins from Larix laricina9 were
investigated on xanthine oxidase. Ellagitannins proved
to be potent inhibitors of protein kinase C.10 Proanto-
cyanidins have inhibiting properties on the angiotensin
I-converting enzyme (ACE).6 It is also known that tea
polyphenols have, amongst others, inhibitory effect on
salivary a-amylase.11 Very recently, soft fruit extracts
(rich in ellagitannins and anthocyanins) were found to
be effective a-amylase inhibitors.12 The exact structure
of active tea polyphenols and kinetic properties of tea
and fruit extracts have not yet been investigated.

The three-dimensional structure of HSA was des-
cribed by Ramasubbu and co-workers.13 HSA consists
of three domains where the domain A adopts the (b/
a)8 barrel structure bearing three catalytic residues
Asp197, Glu233 and Asp300. The active site of HSA is
present in domain A as a deep, V-shaped cleft and it har-
bours aromatic residues, which provide stacking interac-
tions to the bound glucose moieties. The role of
aromatic residues in the active centre was studied by
mutational and subsite mapping analysis previously in
this laboratory.14,15

In this paper, we report the kinetic investigation of a
natural amylase inhibitor, a tannin isolated from the gall
nut of Aleppo oak, on the HSA-catalyzed hydrolysis of
a synthetic and a natural substrate.
2. Results and discussion

2.1. Structural characterization of Aleppo tannin

The structural parameters of tannin were established by
gallic acid determination with rhodanine, by the mea-
surement of ellagic acid amount with the nitrite assay,
and by ESIMS.

Gallic acid is present in two forms in plants, as an
ester (with different types of polyhydroxy compounds)
and as a free acid. As such, two separate assays were
necessary to determine the form of the tannin. One
was performed before the hydrolysis to quantify the
free gallic acid (3%) and the second after acid hydro-
lysis to quantify total gallic acid (70%). Similarly, in
order to determine free (2%) and total ellagic acid
(7%), two assays were performed, before and after
hydrolysis. The proportions of gallic and ellagic acid
were compared to the amount of tannin in the reaction
mixture.

The electrospray mass spectrometry analysis was car-
ried out in negative ion mode. In the spectrum, five
peaks are present (Fig. 1).
Their molecular weights differ from each other by 152
mass units, which is equivalent to the molecular mass of
a galloyl moiety. These data and the molecular masses,
represented by the peaks, suggest that the structure of
Aleppo tannin is based on glucose, which is esterified
with 2–6 gallic acids. The peaks at m/z 483.088;
635.100; 787.113; 939.127; and 1091.142 Da belong
to the deprotonated [M�H]� form of digalloyl-, tri-
galloyl-, tetragalloyl-, pentagalloyl- and hexagalloyl-
glucose, respectively.

The [M�H]� ions were observed in negative mode
measurements and the ionization properties of ellagi-
and gallotannins were the same because of their similar
structures.

However, there are some peaks in the spectrum with
low intensities (<10%), which have not been identified.
At the time of writing Aleppo tannin has not been ana-
lyzed by mass spectrometry, but different gallotannins
and ellagitannins have been characterized from longan
seed16 and carob fibre17 using ESIMS and HPLC-
ESIMS methods, respectively.

These results confirm that Aleppo tannin is a gallotan-
nin, in which the glucose core is di- up to hexagalloy-
lated and the mixture also contains 7% ellagic acid.
The calculated average molecular mass (Mn) of Aleppo
tannin is 763 Da.

2.2. Inhibition studies

The inhibition kinetics were analyzed using Lineweaver–
Burk, Dixon plots and the corresponding secondary
plots. Initial velocities were determined by spectropho-
tometry at different substrate concentrations in the pres-
ence and absence of fixed inhibitor concentrations.
Figures 2 and 3 show the Lineweaver–Burk plots for
the Aleppo tannin inhibited hydrolysis of GalG2-CNP
and amylose substrates in the presence of HSA. Replots
of the slopes (s) and the vertical axis intercepts (i) versus
the inhibitor concentrations are also presented.
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Figure 2. Lineweaver–Burk plots (a) and secondary plots (b) slope (s) versus [I], (c) intercept (i) versus [I]. Reciprocal plots obtained with variable
GalG2-CNP concentrations (mM) at fixed tannin concentrations: +, 0 lg mL�1; d, 0.16 lg mL�1; s, 0.32 lg mL�1; j, 0.64 lg mL�1; h,
1.28 lg mL�1. 1/v values are given as lmol min�1.
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Figure 3. Lineweaver–Burk plots (a) and secondary plots (b) slope and (s) versus [I], (c) intercept (i) versus [I]. Reciprocal plots obtained with
variable amylose concentrations (mg mL�1) at fixed tannin concentrations: +, 0 lg mL�1; ·, 2.9 lg mL�1; s, 5.7 lg mL�1; d, 11.4 lg mL�1. 1/v
values are given as lmol min�1.
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In both cases, the primary plots give straight lines
(Figs. 2a and 3a). Both the slope (s) and the vertical axis
intercept (i) increase with increasing tannin concentra-
tion. These results account for a mixed type of
inhibition.

Plotting the slopes (s) and the vertical axis intercepts
(i) against the tannin concentration, respectively, pro-
duced straight lines (Fig. 2b and c) in the case of the
short, chromogenic substrate.

First order equations 3 and 4 (given in Section 3) of
these lines with respect to the tannin concentration indi-
cate that one inhibitor molecule binds either to the free
enzyme or to the enzyme–substrate complex.

However, when amylose was used as a substrate the
analysis of secondary plots intercept versus inhibitor
concentration gave different results, and curved lines
with an upward concavity were obtained (Fig. 3c).

The s = f([I]) is first order, which indicates that only
one inhibitor molecule binds to the free enzyme. The
second order relation between the tannin concentration
and intercept suggests the binding of two molecules of
inhibitor to the ES complex (Eq. 5).

2.3. Discussion

The KEI and KESI dissociation constants were calculated
from the Lineweaver–Burk secondary plots using the
Grafit program and are displayed in Table 1.

In the case of GalG2-CNP substrate, the lower value
of KEI indicates a more favourable formation of EI than
ESI complex. For the amylose substrate, the values of
KESI and KESI2

are comparable with the value of KEI,
indicating that there is almost an equal probability of
EI, ESI and ESI2 complexes to form. As such, inhibition
is unambiguously of a mixed type.

Tannins are used for the extraction of mucilaginous
polysaccharides (e.g., the acetylated mannan in aloe,
glucans produced by plants or by cultured microorgan-
isms) from aqueous extracts by complexation.18 It is also
reported that, among other polysaccharides, amylose
can develop secondary structures containing hydropho-
bic cavities, and associate strongly with polyphenolic
compounds.19

These results suggest that Aleppo tannin can interact
also with the amylose substrate. It is presumed that with
increasing inhibitor concentration, the type of inhibition
can change. In the case of amylase, the Lineweaver–
Burk plots show competitive-like inhibition at low
Table 1. Kinetic constants of HSA-catalyzed hydrolysis in the presence of A

Substrate Kinetic constants

KM vmax (lmol min�1)

GalG2-CNP 0.9 mM 21.4
Amylose 10.6 mg mL�1 416

a Dissociation constants are given in lg mL�1 since the exact molecular mas
inhibitor levels and non-competitive-like inhibition at
high inhibitor concentrations. In the case of competitive
inhibition, galloylated glucose binds to the active site of
HSA and interacts with the known aromatic residues of
the enzyme or forms hydrogen bonds with subsite resi-
dues. When the inhibition is non-competitive, the inhib-
itor can bind either to the secondary site of the enzyme
or to the substrate in the enzyme–substrate complex.

The binding of the inhibitor is significantly affected by
the type of substrate used in this study. When GalG2-
CNP was the substrate, the binding of the inhibitor
probably occurs at the active site of the enzyme. In the
case of amylase, the mechanism of inhibition is some-
what different. One inhibitor molecule binds to the free
enzyme and two inhibitors bind to the enzyme–substrate
complex. Presumably one inhibitor molecule binds to
the secondary site of the enzyme and the other one binds
to the amylose substrate in the ESI2 complex.

Aleppo tannin turned out to be a better inhibitor
when the short GalG2-CNP substrate was used, as com-
pared to the long-chain amylose. A marked difference
was observed, especially for the competitive constant,
where the KEI value is twelve times higher for the amy-
lose substrate. However, the uncompetitive constant
(KESI) for amylose is only about five times higher.
Changing the type of substrate makes a difference in
the way the ESI2 complex is formed, which may proba-
bly be explained by the interaction between the inhibitor
and amylose. In the case of the GalG2-CNP substrate,
the relationship between inhibitor concentration and
the intercept is linear but not in the presence of amylose.
Since the two kinetic measurements differ from each
other only in the substrates used (size, structure), the dif-
ference in the inhibition kinetics can be explained by the
binding of tannin to the amylose substrate. Previously,
kinetic measurements on GalG2-CNP substrate were
carried out in our laboratory with a gallotannin. This
was a mixture containing di- up to heptagalloylated
quinic acid molecules. The dissociation constants (KEI

9.0 lg mL�1, KESI 47.9 lg mL�1) were one order of
magnitude higher than in the case of the Aleppo tannin
under the same experimental conditions using the
GalG2-CNP substrate.20

These results show that Aleppo oak tannin has even
better inhibitory effect on HSA than earlier investigated
tannin and the kinetic constants are closer to the values
obtained using acarbose (KEI 0.45 lg mL�1, KESI

0.065 lg mL�1) measured on GalG2-CNP hydrolysis.21
leppo tannin

Dissociation constantsa

KEI (lg mL�1) KESI (lg mL�1) KESI2
(lg mL�1)

0.82 3.32 —
17.4 14.86 9.64

s cannot be calculated.
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MALDI-TOFMS post source decay analysis is in pro-
gress to find structural explanation for these results.
Because of the good inhibitory potential of tannin on
HSA, in vivo experiments are planned to test the benefit
of Aleppo tannin for the prevention of dental caries.
3. Experimental

3.1. Materials

3.1.1. Substrates. Kinetic studies were carried out on
both a synthetic chromogenic substrate 2-chloro-4-
nitrophenyl 4-O-b-DD-galactopyranosyl-a-maltoside
(GalG2-CNP from SORACHIM S.A.) and the natural
substrate amylose (from GENAY). GalG2-CNP is a
well-known and general substrate – especially in clinical
chemistry – for amylase activity measurements. This
substrate requires no auxiliary enzyme to release the
chromophore, since it is exclusively cleaved at the agly-
cone bond resulting in only two degradation products;
b-DD-galactopyranosyl-maltose and 2-chloro-4-nitro-
phenol (CNP). No other fragment is produced.22 The
released chromophore can be detected at 405 nm. For
the selective cleavage of CNP, the addition of 152 mM
azide is necessary. The structural formula of GalG2-
CNP is shown in Figure 4.

Since the size and structure of GalG2-CNP are differ-
ent from the natural substrate of amylases, it is interest-
ing to compare the kinetic parameters for both
substrates.

3.1.2. Enzyme. a-Amylase (EC 3.2.1.1) from human
saliva (Type IXA Sigma) gave a single band on sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and possessed no a- and b-glycosidase
activity.

3.1.3. Inhibitor. Tannin isolated from the gall nut of
Aleppo oak (gallae halepenses) was obtained from
Biotechnology Services and Consulting Inc., Coppell,
USA.18 Extraction was carried out at room temperature
with 60% aq acetone. The commercial Aleppo tannin
was further purified by size exclusion chromatography
using a Sephadex LH-20 column, following the usual
techniques for gallotannins.23 The structural charac-
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Figure 4. Structure of GalG2-CNP.
terization of tannin was based on the determination of
gallotannin, ellagitannin and by ESIMS analysis. The
chemical analysis revealed the presence of 3%, 70%,
2% and 7% free and bound gallic and ellagic acid,
respectively. Our findings are consistent with the chem-
ical content of Aleppo gall, that is, 2%, 65%, 0%, and 2%
free and bound gallic and ellagic acid, respectively.24

3.2. Gallic acid determination

The gallic acid-content was determined by the rhodanine
method of Hagerman and Inoue.25 Rhodanine reacts
with the vicinal hydroxyl groups of gallic acid to give
a red complex with a maximum absorbance at 520 nm.
The unreacted rhodanine, under the basic conditions
of the test, has maximum absorbance at 412 nm with
no absorbance at wavelengths higher than 450 nm.
The red colour is formed with free gallic acid and not
with gallic acid esters, ellagic acid or other phenolic
components that may be present in the extract. Gallic
acid was used as a standard and the results were based
on experiments carried out in triplicate. The measured
absorbance obeys the linear relationship: A520 =
[0.1562 (lg mL�1 of gallic acid)]. The method was
described in detail in an earlier publication.20

The hydrolysis must be carried out anaerobically to
prevent destructive oxidation. The hydrolysis tubes were
sealed under vacuum, which is a simple and reliable
method for anaerobic hydrolysis.

3.3. Ellagic acid determination

The ellagic acid-content was measured by the method of
Hagerman and Wilson.26 The spectrophotometric
method for the determination of ellagic acid is based
on the formation of a red quinone oxime of the ellagic
acid nitrosylation product (electrophilic aromatic substi-
tution). The colour is produced by reacting the sample
at 30 �C with sodium nitrite in pyridine, using HCl as
a catalyst. This method is selective, giving a positive
reaction for free ellagic acid but not for numerous other
common plant phenolics, including gallic acid, ellagic
acid esters, pro-anthocyanidins and flavonoids. The
method was standardized with commercial ellagic acid.
Samples (10 mg) of tannin in 1 M H2SO4 (1 mL) were
put into constricted test tubes and frozen. The tubes
were sealed under vacuum and heated for 24 h at
100 �C before being cooled and opened. Filtered content
was made up to 10.0 mL with pyridine. Then 1.1 mL of
pyridine and 1 mL of the sample were mixed in a dry test
tube. After adding 0.10 mL of concentrated HCl and
mixing, the sample was brought to 30 �C. The sample
was quickly mixed after the addition of 0.10 mL of 1%
(w/v) NaNO2 in water, and the absorbance was immedi-
ately recorded at 538 nm. After a 36 min incubation per-
iod at 30 �C, the absorbance was measured again. The
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difference between the initial absorbance and the absor-
bance at 36 min (DA538) was proportional to the ellagic
acid concentration. The measured absorbance obeys the
relationship: A538 = [0.03 (mg of ellagic acid)] � 0.04.
3.4. Mass spectrometry

Negative ESIMS was recorded using a Bruker micro-
TOF-Q mass spectrometer. The instrumental para-
meters were as follows: scan range m/z 50–3000, dry gas
nitrogen, temperature 150 �C, reflector voltage 1300 V,
detector voltage 1920 V. The sample in 1:1 MeOH–
water (0.1 mg mL�1) was infused at a flow rate of
2 lL min�1. External calibration was applied using the
[M�H]� peaks of sodium trifluoroacetate cluster ions
in a mass range of 200–1200 Da.
3.5. Kinetic studies on GalG2-CNP

Measurements using the short, chromogenic substrate
were carried out at 37 �C in 50 mM MES buffer, pH
6.0, containing 5 mM Ca(OAc)2, 51.5 mM NaCl and
152 mM of sodium azide. The substrate (0.5–3 mM)
and inhibitor (0.16–1.28 lg mL�1) were mixed and the
reaction was initiated by adding HSA (2 nM) to the
incubation medium, to a final vol of 500 lL. We con-
trolled the inhibitor, Aleppo tannin, so that it is not
cleaved under the kinetic experimental conditions. The
increase in absorbance arising from the HSA-liberated
CNP was measured continuously at 400 nm using the
Parallel Kinetics Analysis program of a JASCO V550
spectrophotometer. The initial velocity was determined
from the slope of the linear part of the kinetic curves.
All experiments were repeated three to four times.
E + S ES E + P
+ +
I I

KEI KESI

EI ESI
+
I

KESI2

ESI2

Figure 5. Presentation of different enzyme–inhibitor complexes and
kinetic constants of the kinetic equations 1–5.
3.6. Kinetic studies on amylose using the dinitrosalicylic
acid method27

Kinetic analysis was carried out at 37 �C in phosphate
buffer, pH 7, containing 48.6 mM Na2HPO4, 38.8 mM
KH2PO4 and 50 mM NaCl. The substrate (2.6–
6.6 mg mL�1) and inhibitor (2.9–11.4 lg mL�1) were
mixed together and the reaction was initiated by adding
amylase (6.5 nM) to the incubation medium to a final
vol of 150 lL. After 10 min, the reaction was quenched
by adding 1 mL of dinitrosalicylic (DNS) reagent (1%
3,5-dinitrosalicylic acid, 0.2% phenol, 0.1% Na2SO3,
1% aq NaOH). The resulting soln was made up to
2 mL using phosphate buffer. The capped test tubes were
then heated at 100 �C for 15 min to develop the yellow-
brown colour. Afterwards 300 lL of a 40% potassium
sodium tartrate (Rochelle salt) soln was added to the
test tubes to stabilize the colour. After cooling to room
temperature, in a cold water bath, the absorbance was
recorded at 540 nm using the Fixed Wavelength
Measurement program of a JASCO V550 spectro-
photometer.

3.7. Statistical analysis

The type of inhibition was determined by the Linewe-
aver–Burk plot, and its replots of slopes and vertical axis
intercepts versus inhibitor concentration. A general
scheme of possible formation of inhibitor complexes is
presented in Figure 5.

The general equations for the kinetic analysis in the
case of GalG2-CNP and amylose substrate are Eqs. 1
and 2, respectively
v0 ¼
vmax½S�

KM 1þ 1
KEI
½I�

� �
þ ½S� 1þ 1

KESI
½I�

� � ð1Þ

v0 ¼
vmax½S�

KM 1þ ½I�
KEI

� �
þ ½S� 1þ ½I�

KESI
þ ½I�2

KESIKESI2

� � ð2Þ
The equations for Lineweaver–Burk secondary plots are
given by Eqs. 3–5
s ¼ KM

vmax

þ KM

vmaxKEI

½I� ð3Þ

i ¼ 1

vmax

þ 1

vmaxKESI

½I� ð4Þ

i ¼ 1

vmax

þ 1

vmaxKESI

½I� þ 1

vmaxKESIKESI2

½I�2 ð5Þ
Eqs. 3 and 4 describe the relation of Figure 2b and c,
respectively, while Eqs. 3 and 5 correspond to Figure
3b and c, respectively.

The symbols of the equations are as follows: v0 is the
initial velocity in the absence and presence of the inhib-
itor, vmax is the limiting velocity, [S] and [I] are the con-
centrations of the substrate and the inhibitor, KM is the
Michaelis-constant, KEI, KESI and KESI2

are the dissoci-
ation constants of the inhibitor containing complexes
EI, ESI, and ESI2, respectively. Eqs. 3–5 were applied
for the calculation of inhibition constants from the sec-
ondary plots of Lineweaver–Burk linearization.
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