Available online at www.sciencedirect.com

S(HENCE@DIRECT‘ JOURNALOF
% /‘ & , _ CHROMATOGRAPHY A
ELSEVIER Journal of Chromatography A, 1065 (2005) 135-144
www.elsevier.com/locate/chroma
Choosing the right chromatographic support in making
a new acetylcholinesterase-micro-immobilised
enzyme reactor for drug discovery
M. Bartolini, V. Cavrini, V. Andrisand
Dipartimento Di Scienze Farmaceutiche, Univeaditi Bologna, Via Belmeloro 6, 40126 Bologna, Italy
Available online 21 November 2004
Abstract

The aim of the present study was to optimize the preparation of an immobilized acetylcholinesterase (AChE)-based micro-immobilized
enzyme reactor (IMER) for inhibition studies. For this purpose two polymeric monolithic disks (CIM, 8 t&mm i.d.) with different
reactive groups (epoxy and ethylendiamino) and a packed silica column (3 5mmm i.d.; Glutaraldehyde-P, 40m) were selected as solid
chromatographic supports. All these reactors were characterized in terms of rate of immobilization, stability, conditioning time for HPLC
analyses, optimum mobile phase and peak shape, aspecific interactions and costs. Advantages and disadvantages were defined for each syste
Immobilization through Schiff base linkage gave more stable reactors without any significant change in the enzyme behaviour; monolithic
matrices showed very short conditioning time and fast recovery of the enzymatic activity that could represent very important features in high
throughput analysis and satisfactory reproducibility of immobilization yield. Unpacked silica material allowed off-line low costs studies for
the optimization of the immobilization step.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ventional methods in the field of drug discovery and analysis.
In particular, IMERs have been applied to drug metabolism
The drive to bring innovative drugs to market faster, with- studies[2—6], enantioselective analys§ad-12] and for the
out negatively impacting quality and safety, has induced to identification of substrates and inhibitors as potential drugs
look for new strategies and associated methodologies. In[1]. Attractive features of immobilized enzyme reactors are
fact, key aspects of the discovery process include the de-the increased enzyme stability (i.e. in the case of the im-
velopment of rapid methodologies (high throughput screen- mobilization of glyceraldehyde-3-phosphate dehydrogenase
ing) for the assessment of biological activity, the analysis [13]) and the reusability coupled to accuracy, automation
of drug-biomolecules interactions and the determination of and potential high throughput when they are inserted in a
the physico-chemical properties of drug candidates as pre-HPLC system. Considering the high cost and difficulty in
dictors of administration, distribution, metabolism, excretion over-expression, isolation and purification of recombinant
(ADME) characteristics. In particular, affinity chromatogra- enzymes, this analytical technique represents an extremely
phy on HPLC-immobilized enzyme reactors (IMERS) proved useful approach to preserve the activity of the small amount
to be a promising high throughput screening methodology of enzyme available, to perform kinetic studies and to rapidly
for the selection of active candidates (lead compouftds) screen for potential drug candidates.
These reactors have proven to be useful alternatives to con- The immobilization procedure is always a process which
may affect enzyme stability due to the “not natural” microen-
* Corresponding author. Tel.: +39 051 2099742; fax: +39 051 2099734, Vironment in which it is placed. Therefore, in the design of
E-mail addressvincenza.andrisano@unibo.it (V. Andrisano). a new bioreactor, the specific choice of the used solid matrix
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for enzyme immobilization constitutes a critical step to en- enzyme stability, conditioning time for HPLC analyses, op-
sure high yields, low non specific interactions with substrate, timum mobile phase and peaks shape, aspecific interactions
products and inhibitors and still represents object of intense and costs. Advantages and disadvantages were defined for
research. Moreover, the insertion of the bioreactor in a HPLC each system.

system to obtain a flow through IMER adds friction stress,

diffusion restrictions and non-specific interactions that may

affect the catalytic behaviour. In this view, the evaluation of 2. Experimental

the kinetic parameters and the response to well-known in-

hibitors can give information about the altered or unaltered 2.1. Materials

behavior of the immobilized enzyme. The aim of the present

study was to prepare and compare the performances of im- EDA-CIM Disks (3mmx 12mm i.d.) and Epoxy-CIM
mobilized acetylcholinesterase (AChE)-based micro-IMERs Disks (3mmx 12mm i.d.) were purchased from BIA
(containing micrograms of immobilized enzyme) for fastin- Separations (Ljubljana, Slovenia), BakerBond Wide-
hibition studies. AChE catalyses the hydrolysis of the neu- Pore Glutaraldehyde-P 40m affinity packing (Glut-P)
rotransmitter acetylcholine (ACh) to choline and acetic acid was obtained from J.T. Baker (Phillipsburg, NJ, USA).
and represents a widely studied target in Alzheimer’s disease(S)-Acetylthiocholine iodide (ACTh), 5/&dithio-bis(2-

drug discovery. AChE possesses a remarkably high specificnitrobenzoic acid) (DTNB; Ellman’s reagent), glutaralde-
activity, functioning under biomolecular conditions at a rate hyde 70% aqueous solution, propidium iodide and human
approaching the diffusion controlled linit4]. Due to the recombinant acetylcholinesterase (AChE, EC 3.1.1.7)
rapidity by which the enzyme is able to hydrolyse the spe- lyophilized powder were purchased from Sigma (Milan,
cific substrate and the high sensitivity of the HPLC system lItaly). Tacrine (9-amino-1,2,3,4-tetrahydro acridine hy-
in which the IMERs will be inserted, few micrograms of drochloride), edrophonium chloride and monoethanolamine
AChE should be suitable for high signal and fast analyses. were obtained from Aldrich Italia (Milan, Italy). Donepezil
Taking into account these considerations, a new IMER for was a kind gift from Pfizer. Ambenonium chloride pen-
AChE inhibitors screening was previously developed by us tahydrate and galathamine hydrobromide were purchased
using a monolithic suppofil5]. In order to lower costs and  from Tocris Cookson (UK). Potassium chlorate and sodium
optimize several parameters such as the yield of the reac-cyanoborohydride were obtained from Fluka (Milan,
tion in terms of the active units retained onto the stationary Italy) and magnesium sulfate from Merck (Darmstadt,
phase, peaks shape and the matrix/ligand aspecific interacGermany).

tions we compared some commercially available chromato- HPLC-grade methanol (Romil, UK) or bidistilled water
graphic supports suitable, in our opinion, to provide high rate were used to prepare the inhibitors’ solutions. Purified wa-
of immobilization, limited perturbation of enzyme properties ter from a TKA ROS 300 system was used to prepare buffers
and fast analyses. In particular two polymeric monolithic and standard solutions. To prepare the buffer solutions, potas-
disks (CIM, 3mmx 12mm i.d.) characterized by different sium dihydrogenphosphate, dipotassium hydrogenphosphate
chemistries (epoxy and ethylenediamino) and a packed sil-trihydrate, Tris—HCI (Carlo Erba, Milan, Italy) of analysis
ica column (3mmx 5mm i.d.) based on a wide-pore affinity quality were used.

matrix (Glutaraldehyde-P, 40m) were selectedT@ble J). The buffer solutions were filtered through a 04 mem-
Monolithic columns were chosen because they represent abrane filter and degassed before their use for HPLC.
suitable support for the immobilization of enzymes and fast

conversion of substrates due to the almost complete lack of2.2. Apparatus

diffusion resistance during mass transfer. As comparison a

particle silica chromatographic support available as bulk ma-  Spectrophotometric determinations were performed using
terial was taken into consideration. These reactors were char-a Jasco double beam V-530 UV-vis spectrophotometer, with
acterized in terms of rate of immobilization, immobilized a slit width of 2nm and 0.5 s data pitch.

Table 1
Characteristics of the solid matrices used for AChE immobilization
Epoxy-CIM disk EDA-CIM disk Glut-P
Reactive groups Epoxy groups Aldehydic groups after activation Aldehydic groups
by glutaraldehyde
Material Poly(glycidilmathacrylate-co- Poly(glycidilmathacrylate-co- Synthetic amorphous silica gel,
etyleneglycoldimethacrylate) etyleneglycoldimethacrylate) particle size 4Qum, pore size
300A
Dimension of the IMER 3mmx 12mm 3mmx 12mm 3mmx 35mm
(lengthx i.d.)

Bed volume (mL) 0.34 0.34 0.06




M. Bartolini et al. / J. Chromatogr. A 1065 (2005) 135-144

137

< ACTIVATION > < IMMOBILIZATION > < INACTIVATION > 4 PACKING >
o m ] [y vl
s IMMOBILIZATION REDUCTION OF INACTIVATION OF RESIDUAL PACKING OF THE FREE
3 TROUGH SCHIFF SCHIFF BASES BY |  ALDEHYDIC GROUPS BY $| DERIVATIZED MATRIX INTO
o BASES LINKAGE GIANOBORCHYDRIDE MONGETHANOLAMINE AN EMPTY COLUMN
) [ (i vl
= DERIVATIZATION OF IMMOBILIZATION REDUCTION OF INACTIVATION OF RESIDUAL
= AMINO GROUPS BY P TROUGHSCHIFF $|  SCHIFF BASES BY $  ALDEHIDIC GROUPS BY
a GLUTARALDEHYDE BASES LINKAGE CIANOBORCHYDRIDE MONCETHANOLAMINE
= m [
] IMMOBILIZATION INACTIVATION OF RESIDUAL
= BY EPOXY GROUPS & EPOXY GROUPS BY
) REACTION MONCETHANOLAMINE
w

Fig. 1. Scheme of AChE immobilization procedure on chosen chromatographic supports.

The solvent delivery system was a Jasco BIP-I HPLC
pump equipped with a Rheodyne Model 7125 injector with
a 10pL sample loop. The eluates were monitored by a Jasco
875-UV Intelligent UV-vis detector connected to a computer
station (JCL 6000 program for chromatographic data acqui-

phase consisting of phosphate buffer (100 mM, pH 8.0) for
1h at a flow rate of 0.8 mL/min and the enzymatic activity
was determined as reported in Sectiba

2.3.3. Immobilization on Glutaraldehyde-P silica matrix

sition). For routine analyses the detector wavelength was setang preparation of Glut-P-IMER

at 450 and 480 nm.
The chromatographic analyses on AChE-IMERs were per-
formed at 25C unless otherwise stated.

2.3. AChE immobilization

2.3.1. Immobilization on EDA-CIM disk
EDA-CIM-IMER was prepared as previously reported by
us[15]. The followed procedure is summarizedriy. 1L

2.3.2. Immobilization on Epoxy-CIM disk

AChE was immobilized on Epoxy-CIM disk by follow-
ing the procedure proposed by the factory slightly modi-
fied. The Epoxy-CIM disk was placed in a glass beaker and
washed with 10 mL phosphate buffer (100 mM, pH 8.0) fol-
lowed by a washing step with phosphate buffer (100 mM,
pH 8.0) containing ammonium sulfate 1.25 M. An aliquot of
7.0pL of AChE solution in phosphate buffer (0.269 M, pH
8.0) (1.74 UlLL) was diluted to 80GwL with phosphate buffer
[100 mM, pH 8.0] containing ammonium sulfate 1.25 M, was
added to the matrix and left to react overnight. After immobi-
lization, the enzyme solution was analyzed with the Ellman’s
assay in order to determine the unreacted enzyme units.

The matrix was then washed with phosphate buffer
(20mM, pH 8.0) and stirred for 3h with 0.2M mo-
noethanolamine solution in phosphate buffer (20 mM, pH
8.0) at room temperature.

The Epoxy-CIM disk was then washed with phosphate
buffer (100 mM, pH 8.0), inserted in the appropriate holder,
connected to the HPLC system and conditioned with a mobile

AChE was immobilized onto the Glut-P stationary phase
using a modification of the procedure initially reported by
Narayanan et a[16] and optimised for our target enzyme
[17]. Briefly, Glut-P stationary phase (30 mg) was placed
in a 1.5mL eppendorf tube and washed three times with
1 mL of potassium phosphate buffer (50 mM, pH 7.4). Wash-
ings were carried out by the addition of 1 mL of buffer
to the packing material, the resulting mixture was vortex-
mixed, centrifuged for 30s at 75009 and the supernatant
was discarded. An aliquot of 7L of AChE solution in
phosphate buffer (0.269M, pH 8.0) (1.744l) was di-
luted to 60QuL with phosphate buffer (50 mM, pH 5.0),
was added to the matrix and gently agitated 8h aC4
The mixture was then centrifuged and the supernatant was
removed. The remaining solid support was washed three
times with 1 mL aliquots of phosphate buffer (50 mM,
pH 6.0). The amount of protein immobilized on Glut-P
was determined by measuring the residual enzyme activity
present in all supernatants by using Ellman’s colorimetric
assay.

The Schiff bases formed during the immobilization
procedure were reduced using 1.0 mL of sodium cyanoboro-
hydride [100 mM in buffer (50 mM, pH 6.0)][16]. The
cyanoborohydride solution was added to the matrix and
allowed to react for 2.0 h at room temperature. After washing
the residual aldehydic functions were inactivated by reaction
with monoethanolamine 200 mM in potassium phosphate
buffer (50 mM, pH 6.0) for 3.0h at room temperature.
Finally, the matrix was washed three times with 1 mL of
phosphate buffer (50 mM, pH 7.4).
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A HR 5/2 glass column (25mm 5mm i.d.) purchased  to 5.04x 10~4 M) were evaluated. The peak symmetry and
from Amersham Biosciences Europe (Cologno Monzese, peak area obtained by the injection of a fixed saturating ACTh
Italy) was used to prepare the Glut-P-IMER for on-line stud- concentration were determined for each buffer type and ad-
ies. The column was washed with bidistilled water followed ditive Concentration, by using a flow rate of 1 mL/min and
by phosphate buffer (50 mM, pH 7.4). A suspension contain- Uy detection at 450 or 480 nm depending on the rate of the
ing 30 mg of AChE-GIlut-P in phosphate buffer (S0 mM, pH  enzymatic reaction.

7.4) was then added to the column. The top of the column  The pH of the mobile phase was set on the basis of the
was fastened and 20 mL phosphate buffer (50 mM, pH 7.4) optimum activity of the target enzyme, namely pH 8.0, and
were pumped through the packed column at a flow rate of the reported stability of the solid support. The effect of the
0.4 mL/min. The resulting Glut-P-IMER had a 3 mirb mm pH on the IMERS’ activity was evaluated by injecting fixed
i.d. chromatographic bed and a volume of 0.05mL. ACTh concentration in triplicate onto the HPLC with a flow

rate of 1.0 mL/min and UV detection at 450 nm.
2.4. Determination of immobilized AChE activity

. . . 2.5.2. Flow rate
The AChE-IMERs were conditioned with the optimised A fixed acetylthiocholine concentration (250 mM) was in-

m_opile phases,, namely Tris—HCI_tiuffer (0.1 M, pH 8.0) con- jected in triplicate onto the HPLC with a flow rate ranging
taining Ellman's reagent (1.26 10" M), MgSQ, (10mM), Yo yeen 0.2 and 1.4 mL/min with UV detection at 450 or

KC_:IO3 (100 mM) (buffer A) forEDA-C!I\{I disk based IMER, 480 nm. The product peak area was integrated and plotted
Tris—HCI buffer (0.1 M, pH 8.0) containing Ellman’s reagent against the used flow rate.

(1.26x 104 M) (buffer B) for Epoxy-CIM-IMER; potas-
sium phosphate buffer (0.05M, pH 7.4) containing Ell- e
man’s reagent (2.52 10~4M), MgSQ; (10 mM), KCIO3 2.5.3. Conditioning time L

(100mM) (buffer C) for Glut-P based IMER. Aliquots of /M required for the conditioning of the three IMERs
10pL ACTh aqueous solution at increasing concentration was evalua_ted by injecting 1Q_ofaf|xed acet_ylth|ochollne
(range comprised between 3.1 and 250 or 400 mM depend_concentraﬂon each 5-10 min after connectlrgg the IMER to
ing on the IMER), were injected in the HPLC system, at a the HPLC system. Flow rate 1.0 mL/mi=25°C.

flow rate of 1.0 mL/min and UV detection at 450 or 480 nm.

Thiocholine, as the product of enzymatic reaction, reacted 2.6. Determination of inhibitory potency (46)

with Ellman’s reagentin the mobile phase by forming a mixed

disulfide and a yellow aniof15], which is stoichiometrically Stock solutions of the test compounds (1-10 mM) were
related to the amount of the substrate hydrolyzed. prepared in water or methanol. The assay solutions were

In order to account foqumol ACTh hydrolyzed, the prepared by diluting the stock solutions in water together
corresponding eluates for each substrate injection wereWith the substrate acetylthiocholine at saturating concentra-

collected in 5mL volumetric flasks during 5min of chro- tion. In particular five different concentrations of each com-

matographic elution. The absorbance at 412 nm of relative Pound were mixed together with the substrate in order to
eluates were acquired by spectrophotometric analysis, usingobtain inhibition of AChE activity comprised between 20
the mobile phase as blank. By dividing the absorbancesand 80%.

for the contact time (i.e. 0.34min for CIM disks and The percent inhibition of the enzyme activity due to the
0.06 min for Glut-P-IMER), the catalysis rates\A/min) presence of increasing test compound concentration was cal-
were derived. By plotting the catalysis rates versus the culated by the following expression: 18Q(Ai/Aq x 100)
injected substrate concentrations, a Michaelis—Menten plotWhereA; is the peak area calculated in the presence of in-
was obtained ank, andVmax derived. As already reported hibitor andA, is the peak area obtained with the substrate
[15], from theVmay value the immobilized active units were solution only. Inhibition curves were obtained for each com-

determined. pound by plotting the percent inhibition versus the logarithm
of injected inhibitor concentration. The linear regression pa-

2.5. Optimization of the chromatographic conditions rameters were determined for each curve and thgé&trap-
olated.

2.5.1. Mobile phase pH and composition

Mobile phases were optimised in terms of type of buffer, 2.7. Immobilized AChE stability
salt concentration and pH. Two types of buffers were
screened, i.e. phosphate buffer (generally used for the activ- AChE-IMERs stability was determined by using the cho-
ity assay on the free enzyme) and Tris—HCI buffer. Potassium sen optimized mobile phase and injecting every day10f
chlorate (0—200 mM) as a selective anion exchanger com-ACTh saturating aqueous solution under optimized flow and
petitor for the protonated amine groups of EDA-IMER disk detection conditions. The micro-IMERs were always stored
and Glut-P-IMER, magnesium sulfate (0—20 mM) as enzyme at 4°C in phosphate buffer (20 mM, pH 7.4) containing 0.1%
activator and Ellman’s reagent concentration (0.9780 4 (w/v) sodium azide when not in use.
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selective competitive anion for the cationic sites on the ma-
trix, 10mM MgSQ, 1.26x 10-4M Ellman’s reagen{15]
These conditions gave rise to a symmetric peak, completely
eluted in two min. In the attempt of obtaining the same fast
In a previous papdf5] we reported the immobilization of ~ analysis on the two newly prepared IMERS, buffer type and
human recombinant AChE on a monolithic ethylenediamino salts concentration were evaluated. In particular, concerning
disk (12 mmx 3mmi.d.) by in situ technique after matrixac- Epoxy-IMER, two different buffers were used: potassium
tivation. A buffered solution containing 15 U of active AChE phosphate buffer and Tris—HCI buffer. The type of buffer did
(corresponding te~12.4p.g of protein) was used for IMER  not affect either the enzymatic activity either the peak shape:
preparation. The proposed immobilization procedure gave aTris—HCI buffer [pH 8.0] was chosen for a direct comparison
3.0% vyield and was found appropriate to covalently retain with EDA-IMER. Increasing buffer concentration (from 5
0.22+0.01 U of active AChE. up to 200 mM) improved peak shape. A 100 mM Tris—HCI
The same amount of enzyme was then used to prepare théuffer was chosen in order to have a symmetric peak and to
two new IMERS. In particular, by following the immobiliza-  prevent salt precipitation into the HPLC system. No further
tion protocol suggested by the manufacturing company, we salt addition was needed. The optimized mobile phase for
developed a second IMER on the basis of a simpler one stepEpoxy-IMER consisted of 100 mM Tris—HCI buffer pH 8.0
reaction on an epoxy-monolithic disk, followed by inactiva- containing 1.26< 10~ M Eliman’s reagent (buffer B).
tion of residual active groups. The pH 8.0 phosphate buffer  Analogously for Glut-P packed IMER, potassium phos-
was chosen for the immobilization because it resulted suit- phate buffer and Tris—HCI buffer were compared. Moreover,
able for target enzyme stability and for the coupling reaction. the addition of potassium chlorate (0, 50, 100, 150, 200 mM)
A scheme of the AChE immobilization on Epoxy-CIM disk and magnesium sulfate (0, 10, 20 mM) were investigated. Fi-
is reported inFig. 1L Under the conditions reported in the nally, the Ellman’s reagent concentration was increased in the
Experimental section, the immobilization yield was found mobile phase up to a stable peak area value. The wavelength
around 3.0% and 0.180.01 U were retained on the epoxy of detection was fixed at 490 nm due to the higher rate of
matrix. A differentapproach was instead used for the prepara-catalysis of this IMER. In general, buffer type did not affect
tion of the Glut-P-IMER. Glutharaldehyde-P is a wide pore the enzymatic activity and phosphate buffer was chosen for
silica support commercially available as bulk material that direct comparison with conditions employed in free enzyme
offers the possibility of performing a large number of paral- assay but identical results were found by using Tris—HCI;
lel studies in batch-wise (off-line studies). Therefore, batch- higher buffer concentration gave sharper peak by favoring
wise experiments were previously performed in eppendorf the displacement of the yellow anion from the chromato-

3. Results

3.1. AChE immobilization and IMERs development

tubes in order to optimize the immobilization conditions (i.e.
optimum pH of immobilization, enzyme/matrix ratio, time
of incubation). An aliquot of 30 mg of Glut-P, pH 5.0 and
8h of incubation were found to be suitable conditions for
the immobilization. The obtained derivatized matrices were
characterized by off-line studig¢$7] and then were packed
into an empty column (Amersham Biosciences) to obtain
the Glut-P-IMER. The amount of active AChE immobilized
units determined in flow-trough conditions after insertion
into a HPLC system resulted 4.350.01 (immobilization
yield: 29%).

3.2. On-line AChE-IMER chromatographic system

As the product of the enzymatic hydrolysis, thiocholine
does not present a significant chromophore for UV de-
tection, the evaluation of enzyme activity was performed
by injecting acetylthiocholine with the Ellman’s reagent

graphic support. The optimized mobile phase for Glut-P-
IMER consisted of 50 mM potassium phosphate buffer pH 8.0
containing 100 mM KCI@, 10 mM MgSQ,, 2.52x 104 M
Ellman’s reagent (buffer C).

By using the optimized mobile phases, the three IMERs
gave comparable fast analysegy. 2) completed in less then
5min.

Temperature, pH and flow rate variations were also
evaluated in order to account for matrix effect on the
enzyme behavior. Concerning flow rate, as showhRiq 3,
the acetylthiocholine catalytic conversion into its colored
anion induced by the three IMERs is flow dependent in
exponential decay mode. These flow dependent trends reach
a stable plateau (constant product formation by increasing
the flow rate) in a faster way in the case of the monolithic
matrices due to the less flow resistance and substrate/product
stagnation into the silica pores. No significant differences
among the three IMERs were noticed for temperature and

dissolved in the mobile phase and monitoring the amount of pH variations. Conditioning time for the three columns

5-thio-2-nitrobenzoic acid (yellow anion) which is formed
by the reaction of thiocholine and Ellman’s reag¢bs].

was also investigated being a very important parameter
for reproducible data and high throughput analysis. The

The effect of the pH, composition and salts concentration activity was assayed by injecting saturating concentration

of mobile phase on the catalytic activity was studied. As
already reported, optimal chromatographic conditions for
EDA-IMER were obtained with a mobile phase consisting
of 0.1M Tris—HCI pH 8.0 containing 100 mM KCHK]as

of substrate every 5-10 min for up to 200 min at25 CIM
based IMERs required 5min at 1 mL/min flow rate to be
conditioned. On the contrary, the silica based IMER needed
longer conditioning time to give reproducible resufgy. 4).
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Fig. 2. Overlaid chromatograms obtained after injection of substrate at satu-
rating concentration (150 mM) into the three IMERSs (flow rate 1.0 mL/min):
(a) EDA-CIM-IMER, mobile phase: buffer &,=450 nm; (b) Epoxy-CIM-
IMER, mobile phase: buffer B, =450 nm; and (c) Glut-P-IMER, mobile
phase: buffer Ci. =490 nm.

The increasing of the temperature from 25 ta>@0did not
shorten column conditioning. A 60 min conditioning step was
chosen for daily use allowing 95% of the maximal activity.

3.3. On-line determination of the retained enzymatic
activity

The enzymatic activity of the three AChE-IMERs was de-
termined by following the same method previously devel-
oped to characterize EDA-IMERL5]. Briefly, the area of
the yellow anion formed by reaction between thiocholine,
produced by enzymatic hydrolysis, and Ellman’s reagent
was correlated to the AChE activity. Michaelis—Menten plots
for the IMERs were obtained by injecting il of acetyl-
thiocholine aqueous solutions at increasing concentration
and collecting eluates during the 5min rJa5]. In-
jected ACTh solutions ranged from 3.1 mM to 250-400 mM
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Fig. 3. Effectof mobile phase flow rate on product peak area after acetylthio-
choline injection. Studies were performed in the optimized chromatographic
conditions for the three IMERs: (a) EDA-IMER, mobile phase consisting
in buffer A, »=480nm; (b) Epoxy-CIM-IMER, mobile phase consisting
in buffer B, . =465 nm; and (c) Glut-P-IMER, mobile phase consisting in
buffer C,» =450 nm.
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Fig. 4. Conditioning time for Glut-P-IMER. IMER’s activity calculated as
percent of maximal activity after 150 mM acetylthiocholine injection over
time. Att=0 insertion of the column into the HPLC system. Working tem-
perature = 25C. The two plots are from two independent experiments.

depending on the IMER. Saturation in the Michaelis—Menten
plot was reached at 150 mM acetylthiocholine concentration
for EDA and Epoxy-CIM disks and 200 mM for Glut-P-
IMER. These saturating concentrations were used in inhi-
bition and kinetic studies. Lineweaver—Burk reciprocal plots
of 1/activity and 1/[substrate] allowed to estimate the value
of Km and Vmax for the substrateHig. 5. The apparent
affinities (Km) of ACTh for AChE in the EDA, Epoxy and
Glut-P-IMER format were, respectively, 14.392.06 mM,
9.284+1.50mM and 41.5% 2.42 mM. The amount of hy-
drolyzed substrate in steady state conditiqu®10lmax) was
also calculated from Michaelis—Menten plots and resulted
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Fig. 5. Overlaid Michaelis—Menten plots for (a) EDA-IMER; (b) Epoxy-
IMER; and (c) Glut-P-IMER showing themol of hydrolyzed substrate vs.
injected ACTh concentration. Reported values are the mean of two or three
independent experiments in which each injection was in duplicate.
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Table 2
Kinetic and chromatographic parameters determined for the three AChE-IMERs

Km (mM) ty (min); peak width  Bed volume (mL) pmolnax ACTh hydrolyzed — Unitsjtmolna/CT)  Kn/U (mM/U)
EDA-CIM IMER 1439+ 2.06 0.67;1.8 0.34 0.0%0.008 0.22:0.01 654
Epoxy-CIM IMER 9.284 150 0.69;2.0 0.34 0.0620.007 0.18:0.01 515
Glut-P IMER 4159+ 2.42  0.53;2.0 0.06 0.25¢0.001 4.35:0.01 956

0.074+ 007, 0.062: 008, 0.254-0.001 for EDA-, Epoxy- Glut-P IMER showed an unmodified activity after 3 months
and Glut-P-IMER, respectivelyTéble 2. of not use (data not shown).

By general definition, the units of active immobilized en-
zyme would be defined bymol of substrate hydrolyzed per  3.5. Determination of inhibitory potency (46)
unit of time in steady state conditions. In the ideal case of
no stagnation, mass transfer limitation phenomena or ma- The sensitivity of the immobilized AChE in the AChE-
trix/substrate interactions, the contact time (CT) between en- micro-IMERSs format to well-known inhibitors (tacrine, edro-
zyme and substrate will be related only to flow rate (FR) phonium, ambenonium, donepezil, galanthamine and propid-
and bed volume (BV) by the simple equation CT=BV/FR. ium) (Fig. 7) was examined. The Kg estimation was as-
Therefore, theoretical CT was calculated for the three IMERS sessed by injecting simultaneously both substrate at a fixed
and resulted 0.34 min for CIM disks and 0.06 min for Glut- saturating concentration and inhibitors at increasing concen-
P-IMER (Table 2. The amount of active units retained after tration. Increasing reduction of the yellow anion peak area
immobilization was therefore obtained by dividipgnolnax (i.e. inhibition of enzyme rate of hydrolysis), when compared
by CT and resulted to be 0.220.01U; 0.18:0.01U and  tothe area obtained by the sole substrate, was observed for in-
4.35+0.01U on EDA-, Epoxy- and Glut-P-IMER, respec- creasing inhibitors concentration. The percent inhibition was

tively (Table 3. plotted against the logarithm of injected inhibitor concentra-
tion to obtain the inhibition curves from which igvalues
3.4. Stability ofimmobilized enzyme were extrapolated.

The plG;g values obtained on the three IMERS were com-
The stability of the AChE-IMERs was investigated by pared with the values obtained for the free enzykig.(8)

injecting 10pL of saturating substrate solution every day. and the correlation values were calculated. Only four up to
The enzymatic activity was preserved by using phosphatesix inhibitors were tested on Epoxy-CIM disk because of
buffer [pH 7.4] containing 0.1% (w/v) sodium azide as stor- the stronger interactions between the tested compounds (i.e.
age buffer and keeping the IMERs at@ when not in use.  donepezil and propidium) and the chromatographic support.
These conditions previously showed to be optimal in the stor- Correlation factors for EDA-IMER and Glut-P-IMER were,
age of the EDA-IMER15] and were chosen to store the two respectively, 0.9756 and 0.8848 (bath 6).
newly prepared IMERs. Under these storage conditions, over
80% of the initial activity was retained on EDA and Glut-
P IMERs up to two months. Epoxy-CIM IMER showed an 4. Discussion
higher instability and just 30% of the initial activity was re-
tained after 40 days of continuous ugég( 6). This storage The physical properties of immobilized enzymes usually
buffer showed to be also suitable for long term storage, i.e. differ from those displayed by native enzyme primarily be-
cause of (a) the influence of the matrix dependent microen-
vironment, (b) the restraining influence of the covalent bond
and (c) the steric constraints caused by the proximity of the
solid support. The degree in which each of these factors in-
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o
1

804 P fluences the enzyme will depend on the type of matrix and
ol * on the method of immobilization employed.

The aim of this study was to analyze the performances
el - (@) of three different matrices for the immobilization of AChE

% of residual activity

by evaluating their use as high throughput IMERs for
-— Alzheimer's disease drug discovery. For this purpose three
0 10 20 30 40 50 60 70 80 different matrices characterized by different chemistries
days (epoxy or aldehydic active groups), structural features (poly-
. . _ meric or silica based material) and format (loose material or
Fig. 6. Stability study on AChE-micro-IMERSs: (a) EDA-CIM-IMER; (b) L
Epoxy-CIM-IMER; and (c) Glut-P-IMER. Residual activity calculated as _mc,mOhthIC COlumn) Were_ selected (for structural character-
percent initial activity (yellow anion peak area) after injection of saturating 1Stics of the chosen matrices s&gble ). A key feature that
acetylthiocholine concentrations over time. drove our choice was the small dimensions of the final IMER.
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Fig. 7. Chemical structures of tested acetylcholinesterase inhibitors.

In particular, the development and characterization of the required, as first step, the activation of the primary amino
AChE-micro-IMER on EDA-CIM disk (EDA-IMER)was al-  groups by reaction with a 10% glutaraldehyde solution.
ready reported by us in a previous pafiEs]. In brief, the In this work, attention was driven on a simpler immo-
immobilization proceeded trough Schiff bases linkage and bilization procedure which occurs in one step by using the

Epoxy-CIM disk. This immobilization is thought to proceed
viathe initial enzyme physical adsorption on the supports fol-

7 — lowed by a covalent linkage between the nucleophilic groups
" of the adsorbed enzyme (e.g. amino, thiol or hydroxy groups)
s eal . and the dense layer of epoxy groups on the m4tr®j. In-
o 7l wE s cubation at pH 8 was found suitable for coupling proteins via
£ A eRRe ’ NH>-groups. After the reaction, the remaining oxirane groups
_8 3 PROP g @ have to be inactivated by adding ethanolamine in order to pre-
g * GAL *  (a) re= 0.9756 vent further uncontrolled reactions between the support and
¢ °  (b)ri=0934 the enzyme that could decrease its stability.
b © o (e)roses Considering that the immobilization of small bio-
03 T T & molecqles regglts easier because small proteins can be di-
pICsg free (M) rectly immobilized on the support, in the case of large

molecules, the active center of the enzyme could be no longer
Fig. 8. Correlation plot for inhibitory potency (pig) of six well kwon aCC,eSSIble at all or only to a _“mlted degree. In,these cases,
inhibitors obtained on immobilized-enzyme reactors and with the enzyme an _|mprovement can be aCh|eV9_d by mtroducmg a spacer,
in solution. plGo values [-logICso (M)] represent the concentration of ~ which allows maximum enzymatic conversion. The spacer
inhibitor required to decrease enzyme activity by 50% and are the mean was inserted in the amino matrix monolithic EDA-CIM disk,
of two independent measurements: (a) EDA-CIM-IMER,6; (b) Epoxy-  \yhereas it is already contained in the wide pore silica based
CIM-IMER, n=4; (c) Glut-P-IMER,n=6. PROP: propidium, EDRO: edro- . - .

Glut-P. The former matrix is originally a weak ion exchange

phonium, GAL: galanthamine, TACR: tacrine, DON: donepezil, and AMB: . . .
ambenonium. polymeric column that can be used for coupling proteins,
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Table 3
Comparison of the three AChE-IMERs
Epoxy-CIM disk EDA-CIM disk Glut-P
Reactive groups Epoxy groups Aldehydic groups after activation Aldehydic groups
by glutaraldehyde, needs to be
activated
Method of immobilization In situ In situ Batch-wise
Total time for immobilization (h) 27 18 14
Immobilization yield 3.0% (0.18 V) 3.0% (0.22V) 29% (4.35V)
Conditioning time (min) 5 5 60
Stability (residual activity after 2 months) (%) <30 ~80 ~80
Back pressure ° . .
Salt concentration in the mobile phase oo eoe oo
Time of analysis (min) 5 5 5
Possibility of working continuously at the optimum pH for . . -
AChE activity
Aspecific interaction with tested compounds oo . .
Optimisation of the immobilization procedure - - .
Possibility of vary the amount of matrix and column size - - .
Potential high-throughput screening oo oo .
Best fit to our purpose . oo oo
Costs X X .

(=) null; (e) low; (ee) medium; and ¢ee) high.

peptides or other ligands after crosslinking reaction with a higher ratio of enzyme/matrix. However, besides the yield of
suitable bifunctional reagent, i.e. glutaric dialdehjie 20], immobilized active units, the catalytic efficiency was evalu-
while the latter is commercially available with the reactive ated. This parameter was determined for the three IMERS by
aldehydic groups and does not need to be activated. Therethe ratioK/Vmax In Table 2itis reported that the monolithic
fore, in both matrices the same chemistry is at the basis of thelMERs showed the best values. This faster enzymatic con-
immobilization process: a Schiff base reaction is involved in version, expressed by a low ratig,/Vmax, might be due to
the coupling of the ligand to the affinity mediums and requires lack of diffusion resistance during mass transfer. Conversely,
one additional step to reduce and therefore stabilize the iminein the Glut-P-AChE-IMER the traditional pore geometry can
groups Fig. 1). At this level, one of the advantages is that produce mobile phase stagnation and low substrate diffusion,
Glut-P is a cheaper chromatographic support which allows aresulting in a slower catalysis rate. The same peak width val-
more detailed study by the performance of a high number of ues were obtained for the three IMERS, notwithstanding the
trials for the optimization of the immobilization conditions. different internal volume (bed volum@&able 2, and account
Moreover, being an unpacked silica material, Glut-P allowed for this phenomenon in the silica based AChE-IMER. For the
simple off-line studies that could be performed in parallel us- same reasons long conditioning time was observed for Glut-
ing eppendorf tubef 7], and offered the possibility of vary  P-IMER (Fig. 4); monolithic matrices showed instead very
the amount of matrix, i.e. the enzyme/matrix ratio, and there- short conditioning time (5 min) and fast recovery of the en-
fore the final IMER dimension. zymatic activity that could represent very important features
Three IMERs were therefore obtained by following the in high-throughput analysis.
scheme reported iRig. 1and the conditions described in the Regarding IMERSs’ stability, AChE-Epoxy-CIM was
experimental part. In order to compare the three IMERS, thesefound to be the less stablEi¢. 6). While AChE-Glut-P and
reactors were inserted into a HPLC system and were char-AChE-EDA showed almost 80% retention of activity after
acterized in terms of rate of immobilization, stability, condi- 2 months of continuous daily use, AChE-Epoxy-CIM was
tioning time for HPLC analyses, optimum mobile phase and inactivated at a much faster rate30% of activity retained
peaks shape, matrix/ligand aspecific interactions and costsafter 2 months of use). This behavior might be due to the lack
Advantages and disadvantages were defined for each systerof the spacer chain which, keeping the enzyme at a suitable
and are summarized fable 3 The resulting IMERs showed  distance away from the matrix, preserve the enzyme from
to partially retain their catalytic activities. As reported in side adsorption and loss of suitable conformation leading to
Table 2the percent of active immobilized units was higher for denaturation. On the other hand the residual hydroxyl vicinal
AChE-GlutP than for the AChE-CIMs. This result was inter- group can give some instability to the newly formedNC
preted on the basis of the wider surface contact area betweetbond, by the oxygen nucleophilic attack to the carbon atom,
the small particles of the silica matrix and the enzyme which which might cause the cleavage of thelCbond. Immobi-
facilitates the interaction between the active groups on the lization trough Schiff base linkage therefore gave more stable
matrix and the reactive groups on the enzyme leading to thereactors that could be used for several months, i.e. EDA-CIM-
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IMER retained 12% of its initial activity after 15 months and that: (a) immobilization trough Schiff base linkage (EDA and
could still be used for inhibition studies just by switching Glut-P matrices) gave more stable reactors without any sig-
the detector wavelength from 450 to 412 nm (maximum in nificant change in the enzyme behaviour; (b) monolithic ma-
yellow anion spectrum). trices showed very short conditioning time (5min) and fast
Concerning the optimization of the chromatographic pa- recovery of the enzymatic activity that could represent very
rameters, mobile phase composition, pH and flow rate wereimportant features in high-throughput analysis; (c) unpacked
evaluated. AChE-Epoxy-CIM was used with the simpler silica material allowed off-line low costs studies, along with
mobile phase (Tris—HCI buffer pH 8.0 containing Ellman’s the possibility of varying the enzyme/matrix ratio and there-
reagent), because no capping of residual cationic groups orfore the final IMER dimensions.
the matrix had to be performed. Moreover, the polymeric ~ As general conclusion, EDA-CIM disk showed to fulfil at
IMERSs resulted stable in a wider range of pH (2—14 accord- best our general requirements for fast and reproducible analy-
ing to manufacturer protocol of usaf#]) and could beused  sesand could be used for rapidly assess the inhibitory potency
continuously with a basic mobile phase. of unknown inhibitors. Unpacked affinity media showed to
The purpose of the development of a AChE based be useful to pre-screen optimal conditions for a further im-
micro-IMER is the rapid on-line screening of new potential mobilization step on the monolithic amino matrix with saving
inhibitors for Alzheimer's disease treatment. Therefore, of money and costly material.
the sensitivity of the immobilized human recombinant
AChE to three well known AChE inhibitors (edropho-
nium, ambenonium, and propidium) and three US Food Acknowledgments
and Drug Administration (FDA) approved drugs (tacrine, ) o ) )
donepezil, galanthaming)R1] (Fig. 7) was investigated Thre investigation was supported by_ the University of
and the inhibitory potency (pkg), was extrapolated from Bolo.gna (funds for selected research topics) and by MURST
the inhibition plots. The pl§ values on the three IMERs  (Cofin. 2002-4, Rome, Italy).
are summarized iffrig. 8 versus the corresponding values
obtained in solution by the classic spectrophotometric Ell-
man'’s assayl8] with the same batch of human recombinant
enzyme used for the immobilization. The goodness of the
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