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a b s t r a c t

This work was dedicated to the development of a new micro immobilized enzyme reactor (IMER) by
using an in situ procedure. Arginase was covalently immobilized on an ethylenediamine (EDA) monolithic
convective interaction media (CIM) disk (12 mm × 3 mm i.d.) previously derivatized with glutaraldehyde.
The activity of this IMER was investigated by inserting this micro-IMER in a HPLC system. The effect of the
eywords:
icro immobilized enzyme reactor

rginase
LHP

arginase inhibitors was evaluated by the simultaneous injection of each inhibitor with the nitro guanidino
benzene (NGB) substrate. The relative IC50 values were found in agreement with those derived by the
conventional spectrometric method. This arginase micro-IMER system was also used to study the effects
of plant-derived products on the arginase activity. The pet ether extract from the stem bark of the plant
Ficus glomerata Roxob. and the procyanidin oligomers of cocoa and chocolate inhibit the arginase activity.
Our results confirmed the direct effect of some plant extracts on the arginase activity and their interest
in therapies for treating several NO-dependent smooth disorders.
. Introduction

Immobilization procedures have been found appropriate to
ovalently bind enzymes to modified silica matrices, with retention
f enzymatic activity [1–4]. Monoliths are considered an interest-
ng generation of stationary phases. The large pores of monolithic

aterials allow high-speed analysis and low back pressure. In par-
icular monolithic disks based on a new polymeric macroporous

aterial and available under the trademark convective interaction
edia (CIM) were chosen because promising for analytical appli-

ation due to reduced time analysis and high enzyme efficiency
5]. Arginase catalyzes the hydrolysis of arginine–ornithine and
rea. In mammals, there are two isoforms of arginase. Arginase
is the cytosolic form that participates in the urea cycle and is
xpressed at high level in the liver [6]. By contrast, arginase II
s localized in the mitochondria and is highly expressed in the
idney [6]. Recently, the demonstration that both arginase iso-

orms are expressed by vascular endothelial and smooth muscle
ells rise interest to this enzyme in cardiovascular physiology and
athology [7]. Of interest, arginase was found to reciprocally reg-
late nitric oxide (NO) levels in endothelial cells by competing

∗ Corresponding author at: Lab. de chimie, Place Saint-Jacques, F-25030, Besan-
on, France. Tel.: +33 3 81 66 55 44; fax: +33 3 81 66 56 55.
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731-7085/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
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with NO synthase for the substrate l-arginine [8]. Recently our
group demonstrated that arginase inhibition improves endothelial
function and lowers blood pressure on spontaneously hyperten-
sive rats [9,10] and the binding of arginase inhibitors with the
enzyme using a novel biochromatographic column [11,12] was
studied. In the present study arginase was for the first time cova-
lently immobilized on an amine monolithic activated support
obtained by reacting the native epoxy groups with a conve-
nient ethylene diamine spacer. Originally developed as weak ion
exchange column, EDA monolithic disk can be used for biocon-
version by coupling proteins, peptides or other ligands through
cross linking reaction with a suitable bifunctional reagent i.e., glu-
taraldehyde. The arginase-immobilized enzyme reactor (IMER) was
placed in a liquid chromatographic system and on-line chromato-
graphic studies were performed. Kinetics characteristics of this
IMER were determined using a chromogenic substrate; the 1-nitro-
3-guanidinobenzene (NGB). The effects of enzymatic activity of
different parameters such as mobile phase pH, flow rate were
carefully studied. This new IMER presented advantages over the
previously performed immobilization of arginase [11] in terms of
very short analysis time, absence of back pressure, lower specific

matrix interactions and immediate recovery of enzyme activity.
The immobilized enzyme can be placed in an on-line system for
rapid screening of compounds for inhibitory activity. As well, the
direct effect of some plant-derived products on the arginase activity
was analysed.

dx.doi.org/10.1016/j.jpba.2011.01.003
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:yves.guillaume@univ-fcomte.fr
dx.doi.org/10.1016/j.jpba.2011.01.003
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. Materials

.1. Reagents

EDA-CIM disk (12 mm × 3 mm) were purchased from Interchim
Montluçon, France). Arginase was purchased from Sigma (Paris,
rance), glutaraldehyde, and sodium cyanoborohydride from Inter-
him (Montluçon, France). Monoethanolamine was obtained from
igma (Paris, France). NOHA, nor-NOHA, BEC, ABH, were obtained
rom Bachem (Germany). Water was obtained from an Elgastat
ption water purification system (Odil, Talant, France) fitted with a
everse osmosis cartridge. All the other chemical products were of
nalytical grade and all the buffer solutions were filtered through
0.45 �m membrane filter and degassed before their use for HPLC.

.2. Apparatus

The high performance liquid chromatography (HPLC) system
onsisted of a Hewlett–Packard quaternary pump (1050), an Agi-
ent (G1365B, Serie 1100) UV-Visible detector (Paris, France) and a
heodyne 7725i injection valve (Cotati, CA, USA) fitted with a 20 �L
ample loop. An Interchim TM701 oven for high temperature was
sed.

. Methods

.1. Arginase immobilization

The in situ immobilization technique was considered in this
tudy [1–4]. The immobilization of arginase via the amino groups of
he enzyme and the CIM disk was carried out as follows. The EDA
IM disk was connected to an HPLC system and conditioned for
0 min with a mobile phase consisting of phosphate buffer (50 mM,
H = 7.00) at 0.4 mL/min. Then the CIM disk was removed placed in a
lass beaker, covered with 6 mL of a 13% glutaraldehyde solution in
hosphate buffer (50 mM, pH = 6.00) and kept under stirring for 8 h,

n the dark. The reacted matrix was then washed with phosphate
uffer (50 mM, pH 6.0). An aliquot of 800 �L of arginase solution in
hosphate buffer (50 mM, pH = 8.5) was added to the matrix and left
o react overnight under gentle stirring. After immobilization, the
V absorbance decrease of the enzyme solution was determined

o calculate the unreacted enzyme units. Schiff bases were reduced
y stirring the arginase-CIM disk in a 10 mL solution of cyanoboro-
ydride (0.1 M) in phosphate buffer (50 mM, pH = 6.00) for 5 h at
5 ◦C

The matrix was then washed with phosphate buffer (50 mM,
H = 6.0) to remove the unreacted reagent and stirred for 5 h with
onoethanolamine (0.2 M) in phosphate buffer (50 mM, pH = 8.50)

t room temperature. The arginase-IMER was then inserted in the
ppropriate holder, connected to the HPLC system and washed
ith phosphate buffer (50 mM, pH = 7.4) for 1 h at a flow-rate of

.4 mL/min. When not in use, the arginase-IMER was stored at
◦C in phosphate buffer (50 mM, pH = 7.4) containing 0.1% sodium
zide.

.2. Determination of immobilized arginase-IMER activity

The activity of immobilized enzyme was determined in terms
f active units (U) using the chromophore m-nitro-aniline (m-
A) from the reaction between the enzyme with the substrate
-nitro-3-guanidinobenzene (NGB) yielding products urea plus m-

A [13]. The 1-nitro-3-guanidinobenzene (NGB) was synthesized
s described in a previous paper [13]. One unit of enzymatic activ-
ty is defined as the amount of enzyme catalyzing the production of
�mol of m-NA/min, i.e., the number of micromoles of m-NA pro-
uced by the enzymatic reaction of NGB. The arginase-IMER was
Fig. 1. Chromatogram obtained after the injection of 10 �L of 190 mM NGB. Mobile
phase: 0.1 mM Tris–HCl buffer pH = 8.5, 10 mM MnCl2. Flow rate: 0.4 mL/min. IMER
temperature = 25 ◦C. Detection wavelength: 372 nm (corresponding to the peak of
m-NA).

conditioned with the mobile phase i.e., (0.1 mM Tris–HCl) buffer
pH = 8.5–10 mM MnCl2. Flow-rate was set at 0.4 mL/min and UV
detection at 372 nm corresponding to the maximal adsorption of
m-NA (at this wavelength, the adsorption of NGB is much less than
of m-NA [13]). Aliquots of 20 (L of NGB were injected at increas-
ing concentration (range comprised between 3 and 300 mM) and
the Michaelis–Menten trend was found by plotting the rate of
enzymatic reaction (V) against the substrate concentration [S]. An
example of chromatogram is given in Fig. 1. The rate of the enzy-
matic reaction was expressed as �(area m-NA/min) given by the
expression area (m-NA)/(time (min)). The values are the means of
two independent measurements. Time indicates the reaction time
defined by the time for complete elution of the product in the IMER,
which is dependent upon flow-rate. Kinetic parameters Vmax and
Km were obtained thanks to the linear and Burk plot, which is a
linear transformation of the Michaelis–Menten plot. The immobi-
lized active units (U �mol/min) were determined by the expression
�(area m-NA/min)max/�(m-NA).IMER void volume (mL). For the
study of the flow-rate (see Section 3.4) �(m-NA) was defined for
each flow-rate value. A correlation between adsorbance values and
relative chromatographic peaks was obtained. For some experi-
ments it was necessary to measure arginase activity in solution.
The description was given in [13]. Briefly, to measure the arginase
activity in solution (activity of the free enzyme), the concentrations
of arginase stock solutions were determined from the absorbance
at 280 nm and a stock solution of 200 mM NGB in DMSO was pre-
pared. Assays were performed in Tris–HCl buffer – 10 mM MnCl2
using a spectrophotometer detector with a detection wavelength
equal to 372 nm corresponding to the liberated product m-NA.

3.3. Binding site preparation for docking

A molecular docking study of NGB with arginase receptor was
performed using the Autodock [14] suite of programs including
the AutoDockTools (ADT) interface [15]. The arginase-nor-NOHA
complex (PDB entry code 1T4R) was used [16] for the docking
assessment because the inhibitor co-crystallized with the substrate
in its catalytic cavity. Polar hydrogens were added, all the water
molecules were removed, Gasteiger charges were computed and
the non-polar hydrogens were merged since this is expected by

AutoDock for the input protein as well as for the ligands. Pre-
calculation of atomic affinities using a grid box of 70 × 70 × 70
points and 0.375 Å spacing at the grid centre (−6.157 45.49 11.87),
were performed with AutoGrid. Docking of each ligand was cal-
culated with a conformation search via the Lamarckian Genetic



5 al and Biomedical Analysis 55 (2011) 48–53

A
m
l
w

3

3

s
w
fl
t
p
g
V

3

b
T
i
r
a
p

3

b
t
fl
3

3

p
b
N
e
t
p
1
a
c
c
a

a
p
o
f
c
o
o
l
e
I

3
a

p
e
b

Table 1
Results of the docking of nor-NOHA and NGB in the receptor of arginase concerning
the score (�rG) and the resulting inhibition constant Ki .

complex [16]. The best docking conformation of NGB into the crys-
tallographic receptor of arginase is shown in Fig. 2. The distance
between the two Mn2+ ions is 3.4 Å. One Mn2+

A ion is chelated by
His 101 and Asp 128. The other Mn2+

B ion is coordinated to Asp
0 C. André et al. / Journal of Pharmaceutic

lgorithm, a population size of 300, 200 runs and 25,000,000 maxi-
um number of energy evaluations. All the other parameters were

eft at their default values. Analyses of the results were performed
ith ADT and Chimera [17].

.4. Optimization of the chromatographic conditions

.4.1. Flow-rate
Flow-rate determines the contact time between enzyme and

ubstrate. A fixed saturating aqueous solution (190 mM) of NGB
as injected five times on to the chromatographic system with a
ow-rate comprised between 0.4 and 1.4 ml/min with UV detec-
ion at 372 nm. The mobile phase was a 0.1 mM Tris–HCl buffer
H = 7.4–10 mM MnCl2 and T = 25 ◦C. The product area was inte-
rated and the Michaelis–Menten plots were obtained and Km and
max were derived at each flow rate.

.4.2. Mobile phase pH
The IMER was equilibrated for 30 min with (0.1 mM Tris–HCl)

uffer, 10 mM MnCl2 in a pH range comprised between 6.0 and 8.5,
= 25 ◦C. A fixed saturating aqueous solution (190 mM) of NGB was

njected five times on to the chromatographic system with a flow-
ate of 0.4 mL/min with UV detection at 372 nm. The product peak
rea was integrated and plotted against the pH value of the mobile
hase.

.4.3. Arg-IMER stability
The IMER stability was determined by using 0.1 mM Tris–HCl

uffer pH = 8.5, 10 mM MgCl2 as mobile phase and injecting five
imes every day saturating aqueous solution (190 mM) of NGB at a
ow rate equal to 0.4 mL/min and a detection wavelength equal to
72 nm.

.5. Determination of inhibitory potency (IC50)

Stock solutions of the test compounds (1–10 mM) were pre-
ared in water or methanol. The assay solutions were prepared
y diluting the stock solutions in water together with the substrate
GB at a fixed concentration (190 mM). In particular five differ-
nt concentrations of each compound were mixed together with
he substrate in order to obtain inhibition of arginase activity com-
rised between 20 and 80%. Aliquot of 10 �L of a solution containing
90 mM NGB were injected into the chromatograph in triplicate
nd the area of peaks were determined (A0). The assay solutions
ontaining increasing inhibitor concentration and a fixed substrate
oncentration were then injected into the chromatographic system
nd the relative peak areas were integrated (Ai).

The peak areas were compared with those obtained in absence
nd presence of inhibitor and % of inhibition was calculated. The
ercent inhibition (PI) of the enzyme activity due to the presence
f increasing test compound concentration was calculated by the
ollowing expression: 100 − (Ai/A0 × 100) where Ai is the peak area
alculated in the presence of inhibitor and A0 is the peak area
btained with the substrate solution only. Inhibition curves were
btained for each compound by plotting the PI value versus the
ogarithm of inhibitor concentration in the assay solution. The lin-
ar regression parameters were determined for each curve and the
C50 extrapolated.

.6. Effect of an extract from Ficus glomerata Roxob. on the
rginase activity
The stem bark of the plant F. glomerata Roxob. was sun dried
owdered and was extracted with petroleum ether at 70 ◦C. The
xtract was dried under vacuum and suspended in a 0.1 M Tris–HCl
uffer pH = 8.5 containing NGB at a concentration of 190 mM so
Ligand �rG (kcal/mol) Ki (nmol)

Nor-NOHA −8.30 827.82
NGB −10.01 46.14

as to obtain seven solution with a final volume of 2.5 mL contain-
ing 0.1%, 0.3%, 0.5%, 0.7% and 0.9% of the extract and a fixed NGB
concentration. The percent inhibition (PI) of the enzyme activity
due to the presence of increasing pet ether extract of stem bark
was determined as explained above by injection five times 10 (L
of each solution. The mobile phase was a 0.1 mM Tris–HCl buffer
pH = 7.4, 10 mM MnCl2 with a flow rate of 0.4 mL/min, T = 25 ◦C and
a detection wavelength equal to 372 nm.

3.7. Effect of procyanidins on the arginase activity

The crude procyanidin (CP) and procyanidin enriched (PE)
extracts (Mars Incorporated, Hackettstown, USA) were suspended
in a 0.1 mM Tris–HCl buffer pH = 8.5 containing NGB at a concentra-
tion of 190 mM so as to obtain seven solution with a final volume
of 2.5 mL containing 0.1%, 0.3%, 0.5%, 0.7% and 0.9% of the CP or
PE powder and a fixed NGB concentration. The percent inhibi-
tion (PI) of the enzyme activity due to the presence of increasing
CP or PE extracts was determined as explained above by injec-
tion five times of 10 �L of each solution. The mobile phase was
a 0.1 mM Tris–HCl buffer pH = 7.4, 10 mM MnCl2 with a flow rate of
0.4 mL/min, T = 25 ◦C and a detection wavelength equal to 372 nm.

4. Results and discussion

4.1. Molecular docking assay

Comparative docking calculations of NGB and nor-NOHA in the
binding site of arginase are gathered in Table 1. The scores indicated
that the best docking binding energy was found for NGB com-
pared to nor-NOHA and an inhibition constant for NGB smaller than
for nor-NOHA. This result was expected since the strong mimetic
structure of NGB (guanidine function) towards arginine, despite
the hydrogen bonding network stabilizing the nor-NOHA–arginase
Fig. 2. Best docking conformation of NGB into the crystallographic receptor of
arginase with the residues chelating the two Mn2+ ions.
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Table 2
Effect of the mobile phase flow-rate F (mL/min) on Km (mM) and Vmax (�mol/min)
for arginase catalyzed NGB hydrolysis after 190 mM NGB injection. Mobile phase:
0.1 mM Tris–HCl buffer pH = 7.4, 10 mM MnCl2. IMER temperature: 25 ◦C. Detection
wavelength: 372 nm.

F (mL/min) Km (mM) Vmax (�mol/min)

0.4 14.3 (0.2) 142.0 (0.1)
0.6 14.8 (0.1) 140.1 (0.2)
0.8 14.6 (0.3) 137.3 (0.3)
1.0 14.4 (0.2) 134.2 (0.3)
ig. 3. Residual activity calculated as % initial activity (m-NA peak) after 190 mM
GB injection over time. Mobile phase: 0.1 mM Tris–HCl buffer pH = 8.5, 10 mM
nCl2. Flow rate: 0.4 mL/min. IMER temperature = 25 ◦C. Detection wavelength:

72 nm.

24, Asp 232, Asp 234 and His126.The monodentate interaction
etween the NGB and the two Mn2+ ions induce one oxygen atom
f the carboxylate group to be available.

.2. IMER stability and pH and flow-rate effects

The immobilization yield of the enzyme on the CIM disk (IY) was
ound to be 9.6% by determining the activity of the enzyme solution
efore and after immobilization (see experimental conditions in
ection 3.1).

The stability of the IMER was also examined. The optimal condi-
ions of storage were investigated and phosphate buffer 50 mM,
H = 7.4 containing 0.1% (w/v) sodium azide, resulted the most
onvenient. Buffers were freshly prepared every day. Under these
torage conditions, after an initial lost of 8% of the enzyme activ-
ty, Arg-CIM disk enzymatic activity remained almost unchanged
or over 80 days (Fig. 3). The influence of the mobile phase pH was
valuated and data obtained are shown in Fig. 4. As expected, the
H influenced enzyme activity. To define the influence of the pH on
he IMER, a comparison between data obtained with the enzyme in
he free and immobilized formats showed that immobilization did
ot alter the enzyme behaviour: enzyme activity increased with

ncreasing pH values up to an optimal value around 8.5. The Km

alue obtained in a 0.1 mM Tris–HCl buffer, 10 mM MgCl2 was at
H = 7.4, 14.0 ± 0.2 mM and at pH = 8.5, 2.9 ± 0.3 mM. This variation
grees with previous study which demonstrated that the Km value
ecreased with the pH value. For human liver arginase enzyme,
he K for arginine declined from 15.4 to 1.6 mM over the pH
m

ange 6.5–9.5 [18]. As well, the Km value should be treated with
aution, because of the significant buffer effect. The Km value for
rginase catalyzed NGB hydrolysis in a 50 mM Bicine–NaOH (pH
.5) was thus determined 1.8 ± 0.4 mM. This value is nearly iden-

0,6

0,8

1

1,2

1,4

1,6

1,8

98,587,576,565,5

pH

Area 10 6

ig. 4. Effect of pH on m-NA peak area after 190 mM NGB injection. Mobile phase:
.1 mM Tris–HCl buffer, 10 mM MnCl2. Flow rate: 0.4 mL/min. IMER temperature:
5 ◦C. Detection wavelength: 372 nm.
1.2 14.1 (0.1) 132.4 (0.2)
1.4 14.3 (0.2) 129.2 (0.3)

Standard deviations were in parantheses.

tical to that obtained in a previous article [13] but lower than in
tris. To investigate the flow rate effect on the arginase activity,
the kinetic parameters (Vmax and Km) of arginase bioreactor were
determined at different flow rates for a 0.1 mM Tris–HCl buffer
pH = 7.4, 10 mM MnCl2. As shown in Table 2 the effect of flow rate on
the Km value is very small while maximum velocies Vmax slightly
decreased. It might speculated that the increasing friction due to
higher flow rate could negatively influence the enzyme catalytic
efficiency by reversibly modifying the three dimensional structure
of the immobilized enzyme.

4.3. Determination of inhibitory potency (IC50)

The sensitivity of the immobilized arginase in the column to the
arginase inhibitors was examined. Four inhibitors were examined.
Their IC50 were determined by the conventional method described
briefly above. Then the IC50 of the four known inhibitors (NOHA,
nor-NOHA, BEC, ABH) was assessed by using the immobilized
enzyme column, by extrapolation from the inhibition curves. The
inhibition curves were obtained by injecting simultaneously both
the substrate at a fixed saturating concentration, as determined by
the Michaelis–Menten plot, and inhibitors at increasing concentra-
tion. Increasing reduction of the m-NA peak area when compared to
the area obtained by the sole substrate, was observed for increasing
inhibitor concentration. The percent inhibition was plotted against
the logarithm of inhibitor concentration to obtain the inhibition
curves. The pIC50 (=−logIC50) values obtained on the arginase
column were compared with the values obtained for the free
enzyme and a valid correlation was obtained (r2 = 0.999). This will
allow a direct comparison between on line determined inhibition
potencies and PIC50 values determined with the classical spec-
trophotometric method. For example, the IC50 obtained with the
IMER and the free enzyme were respectively equal to 10.3 �mol/L,
10.8 �mol/L for NOHA, 0.58 �mol/L, 0.60 �mol/L for nor-NOHA and
0.54 �mol/L, 0.58 �mol/L for BEC. The values obtained were similar
as those obtained for the biological substrate arginine [19]. These
results indicated that the IMER could be used to on line screen for
new inhibitors and the enzyme immobilization on the chromato-
graphic support did not alter its biological properties. To evaluate
the IMER to IMER reproducibility, three IMERs were prepared under
identical conditions. The mobile phase was 0.1 mM Tris–HCl buffer
pH = 7.4, 10 mM MnCl2, the IMER was maintained equal to 25 ◦C at
a flow-rate of 0.4 mL/min. The Km and Vmax values for NGB and the
immobilization yield (IY) for each IMER were calculated using these
three IMERs (Table 3). The results showed that the technique was
reliable and reproducible.
4.4. Influence of plant-derived products on the arginase activity

Fig. 5 reports all the data acquired on the evolution of the
arginase activity when the pet ether extract from stem bark
increased. This indicates that the pet ether extract from the stem
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Table 3
Evaluation of Km, Vmax and IY for IMER to IMER, reproducibility (i.e., arginase col-
umn). Mobile phase: 0.1 mM Tris–HCl buffer pH = 7.4, 10 mM MnCl2. Flow-rate:
0.4 mL/min. Detection wavelength: 372 nm. IMER temperature: 25 ◦C.

IMER Km (mM) Vmax (�mol/min) IY (%)

1 13.9 (0.1) 141.0 (0.4) 9.5 (0.2)
2 14.0 (0.1) 139.1 (0.5) 9.6 (0.1)
3 14.1 (0.2) 139.1 (0.3) 9.6 (0.1)

Standard deviations were in parantheses.
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Table 4
Effect of the concentration (%) of the procyanidin enriched extract on Km (mM)
and Vmax (�mol/min) for arginase catalyzed NGB hydrolysis after 190 mM NGB
injection. Mobile phase: 0.1 mM Tris–HCl buffer pH = 7.4, 10 mM MnCl2. Flow-rate:
0.4 mL/min. IMER temperature: 25 ◦C. Detection wavelength: 372 nm.

Concentration (%) Km (mM) Vmax (�mol/min)

0.1 14.2 (0.2) 126.5 (0.3)
0.3 14.3 (0.2) 119.7 (0.2)
0.5 14.2 (0.3) 100.9 (0.3)
0.7 14.5 (0.2) 95.8 (0.2)
0.9 14.7 (0.3) 85.5 (0.1)

Standard deviations were in parentheses.

Table 5
Effect of the concentration (%) of the crude procyanidin extract on Km (mM) and
Vmax (�mol/min) for arginase catalyzed NGB hydrolysis after 190 mM NGB injec-
tion. Mobile phase: 0.1 mM Tris–HCl buffer pH = 7.4, 10 mM MnCl2. Flow-rate:
0.4 mL/min. IMER temperature: 25 ◦C. Detection wavelength: 372 nm.

Concentration (%) Km (mM) Vmax (�mol/min)

0.1 14.6 (0.2) 137.6 (0.2)
0.3 14.7 (0.3) 126.5 (0.2)
0.5 14.1 (0.2) 113.4 (0.3)
0.7 13.9 (0.4) 100.1 (0.2)
ig. 5. Direct effect of Pet ether extract of stem bark from Ficus glomerata Roxob.
n arginase activity. Mobile phase: 0.1 mM Tris–HCl buffer pH = 7.4, 10 mM MnCl2.
low rate: 0.4 mL/min. IMER temperature: 25 ◦C. Detection wavelength: 372 nm. PI:
ercent inhibition.

ark of the plant deactivated the enzyme. This result was in accor-
ance with the work of Raman et al. [20]. As well, Fig. 6 showed that
he CP and PE extracts caused a significant decrease in the arginase
ctivity, this effect being enhanced with the PE extract. This finding
emonstrated clearly and for the first time the direct effect of pro-
yanidins on the arginase activity. In this article we analysed how
he kinetics data responded to a change of the PE concentration of
E extract. The results obtained in Table 4 indicated that the Km

alues did not change significantly. This was because there was no
hange on the binding site of the enzyme structure, so the enzyme
ffinity towards the substrate did not change either. Whereas the

max values with the PE extract concentration were decreased.
hese results indicated classical deactivation kinetic without a sig-
ificant influence on the rate of substrate binding [21]. PE extracts
ontained a high concentration of procyanidin polymers. For exam-
le, the quantity of decamer was 24.6 mg/g (value given by the
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Standard deviations were in parentheses.

manufacturer [22]) of procyanidin enriched (PE) extract. This high
quantity of polymers can affect proximity and enzyme orientation.
The enzyme active site without modification can normally interact
easily with a substrate, whereas with the presence of long chain
of polymer causing the change of an enzyme, as a result the Vmax

decreased. This result was confirmed by the fact that for the CP
extract which contained a lower quantity of procyanidin polymer
(decamer concentration 8.9 mg/g [22]), the decrease of the Vmax val-
ues was lower than for the PE extract (Table 5). For the first time the
direct effect of some plant-derived products on the arginase activ-
ity (and not only on their cellular action) and the modifications they
induced on the enzyme were clearly visualized.

5. Conclusion

The proposed immobilization procedure was found appropriate
to covalently bind arginase to a modified monolithic matrix (EDA
CIM disk) maintaining enzyme activity. Moreover, the inclusion of
arginase micro IMER in a chromatographic column allowed pre-
serving the enzymatic activity from inactivating processes, widely
increasing the stability of the enzyme with advantages in terms of
accuracy and reproducibility. Considering the high cost of arginase
and the difficulty of its isolation and purification the small amount
of arginase immobilization on a reduced size monolithic CIM disk
was found appropriate. As well, using this novel procedure, it was
clearly visualized the direct role of some derived plant products to
modulate the arginase activity. The effects of the pet ether extract
from the stem bark of glomerata Roxob and procyanidin oligomers
of cocoa decrease the arginase activity and confirmed the posi-
tive role of these compounds for treating NO-dependent smooth
disorders
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