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ABSTRACT

A 65KDa acetylcholinesterase enzyme was purified from hypocotyls of P. vulgaris. The purification was done with
the help of Sephadex G-100 and the ion exchange chromatography on DEAE- Sephacel column. The active fractions
were pooled and subjected to SDS PAGE for the confirmation of molecular weight. The purified enzyme was
immobilized onto PVC strip for colorimetric detection. Immobilization was confirmed by SEM and FTIR. The effect
of pH, temperature, time of incubation and effect of substrate concentration were also studied for both free and
immobilized enzyme. The PVC enzymatic strip was also evaluated. The developed method can be exploited for the
detection of OP compounds which are responsible for causing environmental pollution.

Keywords: Acetylcholinesterase, ATCI, DEAE-Sephacel, Sepha@e00.

INTRODUCTION

Acetylcholinesterase (AChE, EC 3.1.1.7) is mosic&ffit enzyme which is involved in the functioninfCentral
Nervous System (CNS) [1]. Histochemical studiesnstebthat this enzyme is present in nerves. Mayrbsgnt in
membrane bound, secretory and soluble forms. AGh& serine hydrolase which belongs to the familyypé B
carboxylesterase in higher eukaryotes. The catahiivity of the enzyme is very high hydrolyzingpaoximately
25000 molecules of acetylcholine per second. Duthmg process of neurotransmission acetylcholine )AS
released into the synaptic cleft from the nervedlainds to the ACh receptor which is present onpihgt synaptic
membrane. AChE is also present on the post synapgiobrane where it helps in the termination of aigvhich is
passed through nerves. AChE splits the neurotratesnacetylcholine by hydrolysis at the cholinergimapses.
AChE is inhibited by organophosphorus (OP) compsusdch as Malathion, Carbamates etc., [2]. Duehi® t
inhibition there is hindrance in process of newosmission finally leading to paralysis and eveathlg3]. This
enzyme has been purified from the insect specigshwihcludesMusca domestica [4], Leptinotarsa decemlineata
[5], Blattella germanical6] and Helicoverpa armigera [7].Purified from plants such agea mays (Maize) [8] and
from fresh electric organ tissue of Electric E€]. [Bhe purification process of AChE enzyme involtks use of
different gel filtration and chromatographic tedunés. As the OP compounds are inhibiting the enz&@leE, it is
very necessary to develop the biosensors whicimare accurate and reliable. The purified enzymebzansed for
the development of the biosensors with the usb@htanomaterials for the betterment of the ongteation of the
OP compounds.

In this paper the AChE is purified frofh vulgaris by using gel filtration techniques. Then the pgadfenzyme is
immobilized on PVC strip for the colorimetric detiea method. Then the properties of free & immat@ti AChE
enzyme are also studied.
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MATERIALS AND METHODS

2.1 Instruments and equipments

UV spectrophotometer (Shimadzu corporation, Japdigjtal pH meter (EUTECH), refrigerator (LG), miwwave

oven (LG),Sanyo MLR 350 incubator, rotatory inculsaghaker (HICON), magnetic stirrer (HICON), re@rigted

centrifuge (SIGMA),deep freezer (Voltas), Auto fips (Agile), Sephadex G-100 was purchased from P

medicals (France). DEAE-Sepharose purchased frgm&iChemical Co., USA.PVC Strip from local markedt a
all other chemicals of AR grade.

2.2 Plant Material
In this study, seeds & vulgaris (Dwarf bean) were obtained from the local market, Rohtak. Mary seeds were
germinated and hypocotyls were used as explants.

2.2.1 Serilization and Seed Germination of P. vulgaris

The seeds were surface sterilized with 70 % ethfimal minute and then with 0.1% mercuric chlor@mtaining
0.01 % Tween 20 for 3 minutes. They were then washith sterile water (at least five changes) formutes.
The sterile seeds were germinated on MS basal me@urashige and Skoog 1962) without sucrose aed th
solidified with 0.8 % agar in 175 ml tissue cultwessels (Sigma- Aldrich). The seeds were incubaté&$°C, 12 h
photoperiod and 10@mole m?s™ light intensity in Sanyo MLR 350 incubator. All lssequent cultures were
incubated under the same conditions unless specifie

2.2.2 Extraction and Purification

The P. wulgaris seedlings were harvested after 8 days and thechyyle were excised as explant. The above
excised explants were homogenized in potassiumpblads buffer (10mM, pH 7) supplemented with EDTA
(10mM) and ammonium sulphate in the ratio of 1:4\(}V After homogenization the slurry obtained wag m
dark for 2 hours and the temperature maintaine@€.10hen the homogenized slurry was filtered usinylan net
having pore size 60um. The resulting extract warifeged at 30,000 x g in refrigerated centrifugaintained at
4°C for 20 minutes. This procedure was repeatedsapdrnatant was collected. Supernatant from alténtrifuge
tubes were then pooled together. Then the abovéega@upernatant are saturated with the help of amumo
sulphate (70-80%) and left overnight in cold in@rtb precipitate the protein. The above materia wubjected to
centrifugation at 40,000 x g for 30 minutes (4°@YJ aesuspended in 5ml of 10mM PBS (phosphate batikne)
pH 7.5. Then it was subjected to dialysis usingRB& (pH 7.5). The precipitates were formed dudiadysis these
were removed by centrifugation (6000 x g, 30 misu#¥C) and supernatant was collected.

2.3Gel Filtration
Gel filtration was done using Sephadex G-100 andBSephacel column chromatography.

2.4Determining the Activity and Protein Content

2.4.1 Assay for AChE

The purified enzyme obtained above was diluted bymg 100 pL of AChE in 200 pL of the double diktd water
(DDW). Then ATCI (12.5mM) mixed with sodium phospaduffer (100mM, pH 7) followed by incubating &°€

for 5 minutes, 200 pL of this was added to thetdduenzyme and again incubated at 30°C for 90 esén(his
reaction mixture taken into fresh vial and 100 fLDG@NB (100mM sodium phosphate buffer, pH 7) waslex
Now the final volume was raised to 2 mL by addiftp@ pL of 100 mM sodium phosphate buffer pH 7. The
spectrophotometric readings were takemAt;, after 5 minutes along with the blank (reaction mmigt without
enzyme and the total volume compensated with tHeisophosphate buffer).Thionitrobenzoic Acid imgayellow
color and show activity at 412nm (Fig. 1).

2.4.2 Protein Determination

Lowry [10] method was used for the determinatiortatél protein content of the enzyme purified. B@viSerum
Albumin (BSA) was used as standard. The purifieatgin reacts with Folin Ciocalteau (FC) Reagent iamghrts a
colored complex. FC is a mixture of phosphomolybdatd phosphotungstate used for the colorimetric
vitro assay. This color formation is a result of reacti@tween the peptide part of protein with Coppgdkdline)
followed by reduction reaction in which tyrosinedanyptophan reduces phosphomolybdate.

2.4.3 Polyacrylamide gel electrophoresis of purified AChE
The gel electrophoresis was done for purified erejon the determination of molecular weight.
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2.5Preparation of Reusable AChE Immobilized PVC Strip

The rectangular strips of 10 x 1 cm size were ouinfa PVC plastic sheet (thickness 0.5mm). ThefipdriAChE
was immobilized covalently onto activated PVC ssipface using our earlier reported method [11].cbafirm
immobilization of enzymes, the PVC strip was stddiey scanning electron microscope at Department of
Chemistry, M. D. University, Rohtak.

. . AChE
Acet-,rlthlt::chnllne N Double . + | Acetic Acid
Chloride Distilled Water

+
Thionitrobenzoic
. e B DTMB
Acid
+

Thionitrobenzoic
Acid-thiocholine

Fig. 1 Chemical Reaction Involves

2.6Kinetic properties of free and immobilized AChE enzyme

For the determination of optimum pH conditions lo¢ free enzyme, pH of reaction buffer was varieanfi6-10
using three buffers: sodium succinate (5.0 and, Sdgjium phosphate (pH 6-7.5) and borate buffer §gHto 10.0)
each at a final concentration of 50 mMffect of incubation temperature: For the determination of incubation
temperature for optimum activity, the reaction migt was incubated and subjected to different teatpsss
ranging from 26C to 50C at an interval of %. Effect of time of incubation: Incubation time was studied from 2 min
to 12 min with regular interval of 2 mirEffect of substrate concentration:The effect of substrate (ATCI)
concentration on the enzyme activity was studiedtai00 uM in the reaction mixture at an interval of 50
uM. Determination of Ky, and Vi K and Vo values for free AChE enzyme were determined fromehieaver-
Burk plot between reciprocal of substrate conceiotng1/S] and reciprocal of initial velocity of éhreaction [1/V].

2.7Evaluation of Enzyme immobilized PVC Strip
To evaluate the enzyme immobilized PVC Strip theadrity, detection limit, recovery, precision amt@acy were
studied.

RESULTS AND DISCUSSION

3.1 Preparation of AChE from P. vulgaris (Dwarf bean) seedlings
The crude enzyme was extracted from 250gms of frézevulgaris hypocotyls and showed an activity of 0.87
umolesthiocholine/mL/min.

3.2 Purification of AChE from the P. vulgaris hypocotyls

The crude enzyme AChE was subjected to purificatiprammonium sulfate precipitation (0-80%), SepkaGe
100 columnchromatography and ion exchanger chragrapdy on DEAE-Sephacel column. 0-80% ammonium
sulphate of crude enzyme gave 7.72-fold purificatwith 69.88% yield (Table 1). Then dissolved amimon
sulphate precipitate subjected to Sephadex G-1Onty five peaks of enzyme activity were obtainei)(2). First
and secondminor peaks comprised of fractions 5 &m@ 8 to 11 respectively, which showed some dgtiof
enzyme. The third major peak, comprised of fragi@6 to 23showed maximum activity (Fig. 2). Thertbuand
fifth minor peak, were of fractions 28 to 30 andt8(3 respectively, which showed activity of eneyrithere were
seven peaks of protein. Maximum protein peak wete/éen fractions 18 to 21, whereas six minor peak® also
observed for protein from fractions 2 to 4, 4 t@7p 10, 14 to 16, 28 to 30 and 30 to 34. Thendlative fractions
from Sephadex G-100 were pooled, which showed 8\&3208-fold purification with 18.58% yield (TablB). The
pooled fractions from Sephadex G-100 were subjeitddEAE-Sephacel column; it showed six minor peakd
one major peak of enzyme activity. Fractions 72012 to 17, 19 to 22, 22 to 24, 32 to 34 anda33& comprised
of minor peaks, while the major peak was noticednf25 to 30. Maximum protein was obtained in algsingajor
peak from fractions 25 to 30 (Fig. 3).The actiwvacfions which showed high specific activity from BE-Sephacel
were pooled and treated as purified enzyme. Thgneazwas finally purified by 39.37-fold purificatiowith
17.93% yield. The purified enzyme had a speciftivig of 31.54 U/mg (Table 1).
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Fig.2. Gel filtration of 0-80% (NH4):SO4 fraction of P. vulgaris seedlings acetylcholinestrase) on Sephadex G-100 column
chromatographyv [size (2.0 cm =20 cm)].One enzyme unit activity is defined as 1 umoles of thiolcholine formed/mL/min at pH 7.0 and

30°C. Activity was assaved using standard assay procedure, while protein was estimated by Lowry method.

Table 1: Purification of AChE from P. vulgaris

Fraction Total Protein Activity Specific activity Total Total activity | Purification %
volume (ml) | (mg/ml) | (Unit/ml) (Unit/mg) protein (mg) (Units) fold yield
Crude 150 1.085 0.87 0.801 162.75 130.5 1 100
(NH4),SO, precipitate 12 1.227 7.6 6.19 14.72 91.2 7.72 69.88
Sephadex G-100 15 0.061 1.617 26.50 0.91 24.25 33.08 18)58
DEAE-Sephacel 14 0.053 1.672 31.54 0.74 23.40 39.37 1793
0.06 [ 18 ug
—m—Protein  —a=—Activity 15
0.05 [ 0.5
[ 14 E
0.04 12E |oa| €
= £
£o03 £ |os s
'% 4 0.8 E § =
< .02 1ost 5
§Ejo2p T
r 0.4 ‘;
001 i
[ 02 01
0 L 1 1 1 I 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 I 1 1 I 1 1 I 1 1 1 1 1 0
12345678 91011121314151617 1819 20212223 24 2526 27 25 29 30 31 32 33 34 35 36 37 35 39 40 0=
Fraction number

Fig 3. Ton-exchange chromatography of pooled fractions of Sephadex G-100 of P. vuigaris seedlings acetylcholinestrase on DEAE-
Sephacel column in linear gradient of 0.1 M to 0.6 M KCl in 0.05 M potassium phosphate buffer (pH 7.0). Activity was assayed using

standard assay procedure and the protein was estimated using Lowry method.

Also, AChE was purified fronMacroptiliumatropurpureumUrb. With the help of Sephadex G-200, ion-exchange
column, Poros HS/20 column and gel Superdex 20&ktRving 134.8-fold purification along with 33.4%eld and
specific activity of 0.957 U/mg [12] from the infiae juveniles of the heterorhabditid nematode istnasing
ammonium sulfate precipitation, gel filtration oreghacryl S-200 and DEAE-Sepharose showing 17.5-fold
purification along with 34% yield and having spéci@ctivity of 1378.1 U/mg protein [13], heads afuit Musca
domesticaa Korean housefly strain (KNIH) by affinity chrorography on trimethyl (m-aminophenyl) ammonium
chloride resin showing 400-fold along with 8.8%lgliand having specific activity of 290 U/mg [14}trrocyte of
mouse by affinity chromatography in edrophonium{&apse showing 4800-fold purification and with sfiec
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activity of 7700 U/mg [15],Japanese quail brainhwithe help of affinity chromatography on a concatiavA—
Sepharose and edrophonium-Sepharose showing 16l gtfrification, with yield of 4.3% and a specifictivity
of 2500 U/mg protein [16].

3.3 Testing the homogeneity of purified enzyme

The purified enzyme was subjected to native PAGEhitwed an enzyme as a single band. This proteid ba
showed that the enzyme is having the molecular weij65 KDa when compared to the standard ladaiiéer this
the purified enzyme was subjected to SDS-PAGE apaved the two bands one of 32 KDa and the othg8 iKDa
when compared with the ladder. This confirmed thatpurified enzyme is a dimer.

3.4 M, and subunit M, Determination by PAGE and SDS-PAGE

The molecular weight of purified enzyme was deteedi by plotting a graph between Log Ms Rvalues. The
molecular weight of the subunits is determinedame manner by SDS PAGE. The enzyme has Mr 65K3a {fi
with native PAGE and subunits 32 KDa and 33 KD&w@DS PAGE (Fig. 5).

0.6 -
05 -
04 -

203 -

0.2 -

0.1 -

Log Mr

Fig.4. Apparent molecular weight determination by AGE of AChE purified from P. vulgaris seedlings
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203 -

0.2 -
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Fig.5.Apparent molecular weight determination by S[3-PAGE of AChE purified from P. vulgaris seedlings
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The Mr. of present enzyme (AChE) is lower than adatl brain (328 KDa) [17], fruit fl{Drosophila melanogaster)
(180 KDa) [18], Eurytemoraaffinis (140 KDa) [19], mouse erythrocyte (66 KDa) [15],daBactroceradorsalis
(Hendel) (116 KDa) [20].

3.5 SEM Images PVC strip without enzyme and with enzyme
The morphology of bare PVC and AChE immobilizedooR¥/C Strip was characterized by SEM studies.

The SEM image of the bare PVC strip (Fig.6a) showedmooth and featureless morphology. However, the
covalent immobilization of purified AChE modifiedhé surface of PVC strip (Fig.6b) showed the diffiere in
morphology.

Fig.6.SEM images of PVC strip without (a) and with(b) enzyme

The covalent immobilization of AChE on the PVC sud was also confirmed by the FTIR analysis obidme PVC
and the PVC with enzyme. Figure 7 curve ‘A’ shole FTIR spectra of PVC without AChE. There are ghre
regions in which the bands of PVC can be classifidte C-Cl stretch, C-C stretch and CH modes ranffiom
550-850crit, 900-1200ch and 1250-2970ctrespectively. The curve ‘B’ showing immobilizatiof AChE onto
PVC strip. The C-Cl bond is formed at 720En€-C bond is at 1130cfhand CH modes are at 2750tnThe peak
at 1650crit incurve ‘B’ shows the presence of aldehyde bond@-Lwhile no peak in curve ‘A’. This shows the
binding of -NH2 (amide group) with the —C O- graefiglutaraldehyde and formation of covalent bond.

& | - Curve A

% Transmittance

10 = CurveB

axy =W nm = A0 1500 000 S0
Wavenumbers (em)

Fig.7. FTIR of PVC without Enzyme (Curve A) PVC with bound enzyme (Curve B)

The developed enzymatic strip was used for thantgstf presence of pesticide in the samples. Ieabs of the OP
compounds the strip will give yellow color whichdérectly visible to naked eyes. In presence of @inpound
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(Malathion) the reduction in the intensity of yellovas observed. Reduction in color is directly mpndjonal to
concentration of OP compound present.

3.6 Sudying the Kinetic Properties of Free and Immobilized Purified Enzyme
3.6.1 Effect of pH
For determination of effect of pH on the activitfypurified free enzyme AChE, the reaction mixturaswsubjected

to different pH ranging from 6.0 to 10 with a reguincrease of 0.5 the free and immobilized enzgmewed
maximum activity at pH 7.5 as shown in Fig. 8.

120 -
100 +
80 -
60 -

40

% Relative Activity

20 -

pH
Fig.8. Shows relationship between Percent Relativactivity and pH

3.6.2 Effect of Temperature

For determination of effect of temperature on tbévity of purified enzyme, the reaction mixture svaubjected to
temperature ranging from 10°C to 50°Cthe optimumpterature for free AChE was 25°C to 35°C and imiizaoi
enzyme showed maximum activity at 30°C as showkign9.
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Fig.9. Shows relationship between Percent Relativictivity and Temperature

3.6.3 Effect of Incubation Time

The activity increased linearly upto 7 minutes whiea reaction mixture having free purified enzyméhk was
subjected to time ranging between 2 to 12 minutes regular interval of 2 minutes. After 8 minutes increase
was observed for free enzyme and after 10 min aease was observed for immobilized enzyme as slowig.

10.
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Fig.10. Shows relationship between Percent Relativictivity and Incubation Time

3.6.4 Effect of Substrate Concentration

The concentration of substrate ATCI was optimizedits effect on the activity of free and immobdd enzyme in
the concentration range upto 600uM. Free AChEhtmwved a hyperbolic relationship between activity aobstrate
concentration final concentration of 550uM and inbified enzyme upto 500uM(Fig. 11) after which norease
was observed.

120 -
100 -
80 -
60 -

40 -

% Relative activity

20 -

0 T T T T T T 1
0] 100 200 300 400 500 600 700

Substrate conc (uUM)

Fig.11.Shows relationship between Percent Relativictivity and Substrate Concentration

3.6.5 Determination of K, and Vi

The Michaelis constanK() and maximal velocity\.) values of free AChE enzyme for ATCI as substiatee
3.8 mM and 2.9 umol/min/mg respectively (Fig. 183 dor immobilized AChE were 3.5 mM and 2.7 pumokifmg
respectively (Fig. 13).

3.7 Evaluation of the Enzymatic PVC strip
3.7.1 Linearity:A linear relationship was obtained between sulstcmincentrations and absorbance at 410 nm
ranging from 10 pM to 300 pM.

3.7.2 Minimum Detection limit: The minimum detection limit of the present methabvi uM.

3.7.3 Analytical Recovery:In order to check the reliability of the presenttheal, the analytical recovery of added
pesticide was determined (Table 2). The mean doalyecovery of added pesticide (5 uM and 10 uM¥®8.6%
and 99.2% respectively, which is better than rdgeaported method.
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Fig.12. Shows Lineweaver—Burk plot betweef/[S] and 1/[V] for free AChE enzyme
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Fig.13. Shows Lineweaver—Burk plot betweef/[S] and 1/[V] for Immobilized AChE enzyme

Table 2: Analytical recovery of added organophosphmis compounds

Pesticide added Pesticide found (UM % Recovery
(uM) Mean (n=3) +SD
Nil - -
5 4.93+0.04 98.6
10 9.92+0.01 99.2

3.7.4 Precision; To check the reproducibility and reliability of tipeesent method, the level of pesticide in one run
(within a batch) and after storage at -20 °C foe ameek (between batches) were determined (Tabld18).
pesticide values obtained by these determinatigreea with each other and the result of within batnd between
batch coefficients of variation (CVs) were < 1.58@ & 0.8%, which are better than earlier reportethods.

3.7.5 Accuracy: To study the accuracy of the present method, thel laf pesticide was determined by the standard
method (xX) and by the present method (y). The @dstivalues obtained by both the methods matchéu eeich
other with a good correlation (0.987) (Fig. 14)almation studies showed that the method was failigble with
good recovery and in agreement with the standattiaode

Table 3: Within and between assay coefficients ofwiation for determination of pesticide by using emyme immobilized PVC strip.

Pesticide(uM)

0,
n Mean + S.D CV (%)
Within assay (6) 9.92 +0.15 15
Between assay (6 9.87 +0.07| 0.8
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Fig.14. Correlation between pesticide levels in dgd water determined by standard method (x-axis) aghby the present method (y-axis)
CONCLUSION

Acetylcholinesterase (AChE) had been purified friila hypocotyls of 8 day old germinated seedlingse el
filtration methods were used which included Sepkads-100 followed by DEAE-Sephacel column
chromatography. With Sephadex G-100, 18.58% vyielts wbtained with 33.08 fold purification and spiecif
activity of 26.50 Unit/mg.DEAE Sephacel providedyjiald of 17.93% with purification fold 39.37 and esific
activity of 31.54 Unit/mg. The molecular weight wasKDa as determined by SDS. The working conditioese
also optimized for free and immobilized AChE. Thetimum pH for free and immobilized AChE was 7.5tiojum
temperature at which immobilized enzyme showed mari activity was 30°C, time of incubation for fraad
bound AChE were 8 minutes and 10 minutes respégtized the substrate concentration at which maximum
activity showed was 550uM (for free enzyme) and | B@0(for immobilized enzyme). The developed PVC
enzymatic strip can be used for the detection efpifesence of the OP compounds in the fruit juisets,samples,
water sources etc.
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