Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, A%, 7(6):573-583

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Amidolysis of phenylalanine-p-nitroanilide using TS\ imprinted macromatric
polymer catalysts: Effect of porogen on catalytic ficiency

Divya Mathew’, Benny Thomas?and K. S. Devaky

School of Chemical Sciences, Mahatma Gandhi University, Kottayam, Kerala, India
“Department of Chemistry, S. Berchmans College (affiliated to Mahatma Gandhi University, Kottayam)
Changanacherry, Kerala, India

ABSTRACT

Chymotrypsin mimics were synthesized by molecular imprinting technique using the transition state analogue
phenyl-1-benzyloxycarbonylaminobenzyl phosphonate as the template, methacryloyl-L-histidine, and methacrylic
acid as the functional monomers and EGDMA as the crossinking agent. The TSA imprinted polymers were
prepared in different porogens. Amidolysis of phenylalanine-p-nitroanilide was carried out using these TSA
imprinted macromatric polymer catalysts. The investigations revealed that the porogen used in the polymerization
reaction has a significant influence on the catalytic activity of the enzyme mimics in the amidolytic reactions.
Morphological features of the polymer catalysts synthesized using DMSO and chloroform as the medium of
polymerization were different. The macroporous polymer prepared in DMSO exhibited higher imprinting efficiency,
enantioselectivity, and substrate shape specificity in amidolytic reactions compared to the less porous polymer
catalyst prepared in chloroform. Pseudo first order kinetics was observed for the catalytic amidolysis.

Key words: Transition state analogues, TSA imprinted macromawlymer catalysts, porogenic effect, tetrahedral
oxyanion intermediate and amidase activity.

INTRODUCTION

Molecular imprinting technique is featured by thesembly of a highly crosslinked polymer matrix ardua
template molecule, utilizing its interactions witlmctional monomers to design a three-dimensioaabgnition
site, complementary in both shape and functionaditthe template [1-6]. Removal of the template enales leave
molecular imprints in the polymer network and asponsible for the binding specificity and lot ppécations [7-
10]. These imprints carry a functional and stereouical “memory” and act analogous to catalyticallgtive
binding sites of biological enzymes or antibodiddolecularly imprinted polymer catalysts have reeeiv
considerable attention due to their thermal andstability and increased shelf life where naturayenes may lose
activity. The proteolytic enzyme chymotrypsin conies to be a good model of MIP catalysts (11-14gré& are a
large number of reports on the synthesis of chyypstn mimics by molecular imprinting techniques and
investigations on their catalytic activity in hydijtic reactions. The imprinting efficiency, catadtytactivity,
enantioselectivity, and substrate specificity of amzyme mimic polymer catalyst is determined byiows
parameters lik&,p. , k"”s-/k and k.4 etc. An efficient enzyme mimic require the use propeamagement

uncat.

of functional groups (a complex, three-dimensios&dric arrangement of the functional groups) athécase of
natural enzymes.

EXPERIMENTAL SECTION
Z/Boc/Nphth-L-Phenylalanine, L-Histidine, benzylribamate, triphenylphosphite, 4-methoxybenzaldehsdd
benzoyl chloride was purchased from SRL, Mumbaicybiohexylcarbodiimide (DCC) and ethylene glycol
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dimethacrylate (EGDMA) were purchased from Sigmdrish, USA. All chemicals used, other than listdzbee
were from local suppliers, which were purified prio use by following the standard procedures.

IR spectra were recorded on a Perkin-Elmer 1600RF$pectrophotometer. Kinetic studies were perfarmsing
Shimadzu UV 2450 spectrophotometer. JEOL JSM639@ Sialyzer was used for SEM analy$isNMR spectra
were taken using Bruker Advance DPX-300MHz FT-NMRe&rometer in CDGI

Synthesis of TSA

(Phenyl-1-benzyloxycarbonylamino-4-methoxybenzyl ptspohonate)

The transition state analogue, phenyl-1-benzyloshaaylamino-4-methoxybenzyl phospohonate was switbd
by refluxing triphenyl phosphite (13.2mL), benzgrbamate (13.2mmol), 4-methoxybenzaldehyde (19.8jramaol
glacial acetic acid (2mL) for 4 h at 18 in an oil bath. The diphenylphosphonate formed Wgdrolyzed with
NaOH (0.4N), acidified with conc. HCI, filtered ammlirified by column chromatography [13}TIR:- 1301 cmt
(P=0 stretching), 946 ci(P-OH stretching) and 1252 &niP-O-Bzl stretching).

Synthesis of N-methacryloyl-L-histidine

N-methacryloyl-L-histidine was synthesized by thegtmethacryloyl chloride (1.95 mL in 3 mL DCM), histidine
monohydrochloride (3.1g) and NaOH (0.8g) followiting reported procedure [16, 1ATIR (methanol):- 1611
cm® (methacryl double bond), 1652 ¢rtamide carbonyl) and 1705¢ngacid carbonyl).

Synthesis of TSA imprinted and non-imprinted polymes

The highly crosslinked bifunctional TSA imprintechazyme mimic was prepared by radical initiated bulk
polymerization of TSA, the functional monomers- haatryloyl L-histidine and methacrylic acid- and the
crosslinker EGDMA in 1:2:9 molar ratio in DMSO/CHGt 80 C for 8hrs.The template was completely leached
out by washing with a mixture of 95mL methanol &L 35% HCI. The corresponding non-imprinted enzyme
mimic was also prepared by the same procedure wifiSA [15, 17, 20].

Synthesis of the substrate Z-L/D-phenylalanine-p-tioanilide (Z-L/D-Phe-PNA)

A solution of Z-L/D-phenylalanine (0.01mol) and firaaniline (0.01mol) in 30 mL ethyl acetate waisret with a

magnetic stirrer and cooled in an ice-water baticy@ohexylcarbodiimide (0.01mol) in 30 mL ethyledate was
added drop wise, the reaction mixture was stiroed0 minutes in the ice water bath and the sgrrmas continued
for another 3h at room temperature. The N, N-Diolekylurea formed was filtered off and the filtratas

evaporated in vacuum. The residue obtained waysttiized from hot ethanol containing 1% acetitddad he

substrates, t-Boc/Nphth-L-phenylalanyl-p-nitroadels were also prepared following the same procddiel 8].

Amidolysis of Z-L-Phenylalanine-p-nitroanilide (Z-L-Phe-PNA) using TSA imprinted and non-imprinted
enzyme mimics

A suspension of chymotrypsin mimic (10mg) in 5SmLefanitrile-Tris HCI buffer (1:9 by volume, pH 7.75mL)
was taken in a reagent bottle, equilibrated fof hal hour and 100 molar excess of the substrat@eniZ-L-
Phenylalanyl-p-nitroanilide (Z-Phe-PNA) in acetoifét (50 mL) was added. The reaction mixture weecetl in a
water bath shaker at 48 and shaken well. Amidolysis of Z-Phe-PNA wasduled by monitoring the absorbance
of released p-nitroaniline spectrophotometricath347 nm [19]. Amidase activity of all the mimicsagrevaluated
in a similar manner in the framework of Michaeliseflen kinetics and the amidolysis was monitoredlank
reaction without any polymer was also carried ¢uom the absorbance value, the rate constant amemage
amidolysis was evaluated.

RESULTS AND DISCUSSION

Synthesis of transition state analogue
Rac-TSA was obtained by the acid catalyzed condensatib benzylcarbamate, 4-methoxybenzaldehyde and
triphenyl phosphite [15]. The product was isolaaed purified by column chromatograpt8cheme L

FTIR: 1300 cmt (P=0 stretching), 945 ¢m(P-OH stretching), 1250 cm(P-O-benzyl stretching)H NMR
(400 MHz, CDCl, 8): 1.73(s, 2H, CH), 3.77 (s, 3H, OCH}, 6.5-7.5(m, 14H, aromatic CH), 6.13(broad, 1H,)NH
6.09(m, 1H, CH).

Synthesis of TSA imprinted and non-imprinted polymes (P1-P4)

The super cross-linked imprinted polymer with cajstiear recognition sites was prepared by radical
polymerization method in DMSO using N-methacrylbyhistidine and methacrylic acid as the functional
monomers, TSA as template and EGDMA as the crokeid{Scheme. 2)To investigate the effect of the medium of
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polymerization on imprinting and hence on amidaysimprinted and non-imprinted polymer catalystsreve
prepared in chloroform also. All polymePd—P4 were synthesized according to this general proeedire details
are listed iriTable 1

o}
OJL + + P(OCHy) , __CHECOOH/100°C H Ox o~
NH, T Neon O\n/ O_@

OMe
Scheme 1: Synthesis of transition state analogue

Table 1: Synthesis of Chymotrypsin mimics for the midolysis of Z-L-Phe-PNA

Chymotrypsin mimics ~ TSA Functional monomers EGDMA [Im]
(gm) MA-L-His MAA (mL) Mmol/g

P1(DMSO) 0.407 0.2431 0.1156 14.804 0.894
P2 (DMSO) - 0.2431 0.1156 14.804 0.897
P3 (CHCL) 0.407 0.2431 0.1156 14.804 0.861
P4 (CHCl) - 0.2431 0.1156 14.804 0.864
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Scheme 2. Scheme for the synthesis and amidolysigrdunctional enzyme mimic

The TSA molecules leave molecular imprints afteingeextracted from the polymer network. These malkec

imprints act analogous to catalytically active himgsites of biological enzymes. The cavities ia tholecularly
imprinted polymer IP) are capable to recognize the substrate spetyfiaad to stabilize the transition state of
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the reaction, i.e., to lower the activation eneagy thus, to accelerate the reaction. The imidazoigent in the
polymer matrix was estimated by cleaving the angiciol from the methacrylic backbone by refluxinghwitCl and
then treating with Ninhydrin reagent [17]. The 9@¥sslinking makes the polymer network sufficientlyid to
maintain the recognition site and to accommodagetridnsition state of amidolysis by shape-seledtineing.FT-
IR:- 3456 crit (O-H stretching of carboxylic acid grou433 critt (NH streching), 3142 cih( C-H streching of
imidazole ring), 1602 cthand 1445 ci( C=C and GN streching of imidazole ring).

The morphology of the polymers prepared in DMSO @htLCl; was assessed by SEM analy(§ig. 1). The surface
of P1is full of cavities due to the removal of TSA molées. The SEM picture d?3 reveals that the porogen
chloroform makes the imprinted polymer less porous.

5kV X7,000 2pm

Fig. 1. SEM picture of the imprinted polymers prepaed in DMSO and CHCl;

Catalytic activities of imprinted and non-imprinted polymers

The amidolysis of N-benzyloxycarbonyl phenylalarireitroanilide (Z-L-Phe-PNA) was carried out usigy (MIP) and
P2 (NIP)at 45°C.
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Fig. 2. Evaluation of rate constant for the amidolgis of anilide with TSA imprinted (MIP), non-imprin ted (NIP) and uncatalyzed
reaction

The imidazole moiety in the polymer matrix actshesnucleophile for the amidolytic reaction. Theboaylic groups in the
polymer matrix serve to stabilize the “tetrahedsglanion” transition state intermediate of the atyitic reaction and further
abstraction of a proton from the imidazole nitrogahances the nucleophilicity of the imidazole myo{&cheme 2c)At
lower pH the imidazole nitrogen gets protonateditnducleophilicity gets lost. Hence, the pH @ tkaction medium was
maintained slightly alkaline7(75 using Tris HCI buffer. The pseudo first orderdtios of the amidolytic reaction was
evaluated using the equatikn= In{A.|[A. — A.]}, where A is the absorbance of the released p-nitroaniline at

576



K. S. Devakyet al J. Chem. Pharm. Res., 2015, 7(6):573-583

infinite time and Ais the absorbance at time t. B&Mh, P2and uncatalyzed reaction follow pseudo first okdeetics
(Fig. 2). Depending upon the nature of the porogen usedtidgrolymerization, there is a remarkable diffeesin the rate of
amidolysis of imprinted polymers. It is known ttia¢ nature of porogenic solvents determine thegtineof non-covalent
interactions and influences polymer morphology,civhobviously, directly affects the activity of gnze mimics, especially
that of MIPs. As described in the experimentalisectthe course of amidolytic reaction was monitbfer P1, P2,
P3andP4 for the duration of 60 min and a plot of percenidotysis vs. time is depicted Fig. 3.
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Fig. 3.Plot of percent amidolysis vs. time

Hundred-fold molar excess of Z-L-Phe-PNA over timeoant of the key functional group- imidazole- wesed.
Among the polymer catalyst81 shows initial burst kinetics, as enzyme catalyser Michaelis- Menten framework, but
takes much more time for attaining saturation, amen to natural chymotrypsin. Amidolysis of Z-L-PRBA is
catalyzed by the catalys2, P3 and P4 comprising of MA-histidine and methacrylic acitiféllows pseudo first-
order kinetics without any burst. With polymBd, approximately 55% of the amidolysis BfL-phenylalaninep-
nitroanilide took place within 35h. But, less tt&0% amidolysis took place with the polyni8 evenafter 7 days. The time
taken for attaining saturation of the amidolysaction forP3 is four times than that ¢1, which indicates that the use of
thermodynamically good solvent tends to lead toymels with well-developed pore structures and ubeao
thermodynamically poor solvent leads to polymetk woorly developed pore structures.

The observed rate constant for the uncatalyzedionds only 5.2 x 18min™. The rate of amidolysis catalyzed By
(2.11x10°min™) is higher than that d¥2 (8.4x10°min™) and it represents the imprinting effect. Durinpiinting, the TSA
creates a tetrahedral geometry similar to thehiethal T.S of hydrolysis. The catalytic functiomeyide accommodation of
the substrate anilide into the 3D cavity by staioifj the T.S through effective H-bonding R8, the catalytic entities are not
precisely fabricated due to the lack of TSA anditdtéhrelatively low rate of acceleration. The heghvalue ofk,, /
Ky ncar €xhibited byP1 (4.06) compared tB82 (1.62) is definitely due to the imprinting effecturthermore, the higher 1.20
times rate acceleration shown Bg (0.61 x 10° min™) than that o4 (0.57x10° min™) supports the imprinting effect on
catalytic amidolysisTable 2)

The imprinting efficiency of the enzyme mimics el was evaluated using the equitign= [K,ps — Kuncael/[IM].

The negligibly small value of imprinting competerigg exhibited by thé®3 (1.05 x 16¢mmol* min™) is mainly due to the
less porous nature of the polymer matrix. The highsue of imprinting efficiency shown byl (17.79 x 1¢ mmol*
min™) compared t3 (1.05 x 1¢mmol* min?) and the highek.y value exhibited by2 3.57 x 1 mmol* min?) and

P4 (0.58 x 10 mmol* min?) is most probably due to the formation of macropsrpolymer matrix ifP1 and P2
During imprinting, the polar aprotic DMSO stabilizéhe H-bonding between the TSA-monomer complexes.
Moreover, the higher activity of the MIPs can beilitited to the presence of molecular imprints, chinad been
formed by the immobilized TSA-template moleculesimy polymerization.
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Table 2: Kinetic parameters for the amidolysis Z:-Phe-PNA using TSA imprinted and non-imprinted engyme mimics in DMSO (P1 and P2) and

CHCI3(P3 and P4)
Chymotrypsin mimics — 1®ops Min™  “Kops, Kuncar,. 1P (Kea)” .ﬁ?g{ﬁgﬁg
P1 211 4.06 17.79 35
P2 0.84 1.62 357 120
P3 0.61 1.17 1.05 120
P4 0.57 1.10 0.58 120
* Catalytic efficiency, #inprinting eficiency of the enzyme mimicand g .= [leP[_k]uncat]
cai Im

Enantioselectivity of TSA imprinted polymers

The enantioselectvity studies of the enzyme mimiese carried out using Z-L-Phe-PNA and Z-D-Phe-Patd the
results were listed irTable 3, which clearly indicates that the TSA imprintedlymoer exhibits efficient
enantioselectivity than that of the non-imprinteslymers. The L- TSA from the rac-TSA selectivelyrfes pre-
polymerization complex with methacryloyl-L- histidi and methacrylic acid that is stabilized by Hding.
Consequently, the imprinted cavity keeps the stagkconfiguration of L-TSA in memory and enantiesélity
binds L-enantiomer of Z-Phe-PNA predominantly otler D-enantiomer recognizing its L-configuratio®[20].
The enantioselectivity ratio Kkp for P1, made with DMSO as porogen is 4.51 andA8made with chloroform as
porogen is only 1.50. The polymé1 exhibits 3.00 fold greater enantioselectivity tithat shown byP3. This
explains the role of porogen in creating the mamooous structure in the polymer matrix and thus rimulting
catalytic activity and enantioselectivity. The paorantioselectivity shown by3is due to its less porous polymer
matrix and hence poor swelling in ACN-Tris HCI lerff

Table 3: Kinetic parameters for the enantioselectig amidolysis of Z-L/D-Phe-PNA using chymotrypsin nmics prepared in DMSO and

CHCl;
Chymotrypsin kS kp Kat.
s 10y = 10k A0KG, = ke 5t
uncat. uncat. cat,
P1 211 4.06 17.79 1.72 3.74 3.94 451
P2 0.84 1.62 357 0.64 1.39 201 1.78
P3 0.61 1.17 1.05 0.52 1.13 0.70 1.50
P4 0.62 1.19 1.16 0.54 1.17 0.93 1.25
. P2 20
 P1
-~
3
10 <=
~N
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5 v

1
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Fig. 4. Comparison of catalytic activity of P1 andP2 in shape - selective amidolysis

Substrate selectivity of TSA imprinted polymers

The imprinted polymer catalyst could recognisedfnacture of the TSA, especially the benzyloxycasth@roup and
the benzyl side chain of the anilide and selegtibéhd the structurally related p-nitroanilide.drder to investigate the
substrate selectivity of TSA imprinted polymer tgtta amidolysis of structurally related p-nitrofdes-Z/t-Boc/N-
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Phth -L-Phe-PNA- was carried out. The polyn®dr exhibited the highest catalytic efficiendy(p/ Kunca) Of 4.06
towardsZ-L-Phe-PNA, but it shows lower activity in the amiigsis of Boc-L-Phe-PNA (2.64 x Tenin) and more
sterically hinderedN-Phth -L-Phe-PNA (2.23 x 1inin®). Hence, the imprinted polymer catalyst is capatfle
exhibiting efficient selectivity in its amidolyticatalysis because it recognizes the structure pfiited molecule and
selectively catalyse the substrate that has aaistiucture as that of the imprinted TSA molecBlat, P2 the non-
imprinted molecule, due to the lack of imprinte@sj show negligibly small catalytic efficiency quaned taP1 - 1.62,
1.60 and 1.59 respectively in the amidolysis ofBtit/ N-Phth -L-Phe-PNAFig. 4).

The porosity and as a consequence the swellintgegidlymer matrix affects the imprinting efficiendiie role of size
and shape of the “memorized cavity” in governing slelectivity of amidolysis.

Table 4: Kinetic parameters for the shape — seleste amidolysis of various N-protected L- Phe-PNA bghymotrypsin mimics prepared
in DMSO and CHCl;

Chymotrypsin Substrate 10%uncar 10%Kops, Kone K 10%K e
mimics mint  mint "Mt mintmmolt
Z-L-Phe-PNP 0.52 0.61 1.17 1.05
P3 t-Boc-L-Phe-PNP 0.47 0.54 1.15 0.81
N-Phth-L-Phe-PNP 0.40 0.44 1.10 0.46
Z-L-Phe-PNP 0.52 211 4.06 17.79
P1 t-Boc-L-Phe-PNP 0.47 1.24 2.64 8.61
N-Phth-L-Phe-PNP 0.40 0.89 2.23 5.48

The macroporous polymétl exhibits higher imprinting efficiency due to theegter accessibility of the catalytic
sites to the substrate - Z-L- Phe-PNA (17.79 %t mmol™), tBoc-L-Phe-PNA (8.61 xI®min*mmol?) and N-
Phth -L-Phe-PNA (5.48 xIdmin*mmol") - compared to the less porous polyr®& which exhibits much less
imprinting efficiency as Z-L- Phe-PNA (1.05 x#®in"mmor?), tBoc-L-Phe-PNA (0.81 xIfmin'mmol?®) and N-
Phth -L-Phe-PNA (0.46 xI%nin*mmol"). For bothP1 and P3, the best rate acceleration is observed between Z-
Phe-PNA and N-Phth -L-Phe-PNA which are 3.25 a8 2espectivelyTable 4).
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Fig. 5. The effect of pH on catalytic hydrolysis o€hymotrypsin mimics

Effect of pH on the catalytic hydrolysis

The pH effect on the catalytic activity of the imqped and non-imprinted copolymers prepared in DM@Q
andP2) and chloroformP3 andP4) was studied in the pH range 6.8.0 in acetonitrile-Tris HCI buffer, and the
results are depicted iRig. 5. The catalytic activity oP1 is very much higher thaR3. Since the imidazole and
carboxyl groups are brought into proximity in thelymer network through molecular imprinting it isellv
thought-out that significant enhancement in thedayitic activity ofP1in moderate pH is due to the cooperative
effect induced by these catalytic functional graugewever, all the polymer catalysts follow the gapH profile
that it exhibits an optimum rate at pH 7.75. Thardtage or swelling of the polymer matrix took ptaon varying
the pH of the reaction medium due to changes inbmunof protonated imidazole residues- the key gt¢al
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functionality- which resulted in decreased rateanfidolysis by the enzyme mimic. The catalytic atyivof the
polymer arises due to the neutral imidazole graup$as the pH of the reaction medium decreasesmaton of
imidazole nitrogen decreases the nucleophilicitylodver pH even though the carboxylic acid groups @apable
of forming efficient hydrogen bonds to the substraprotonation of imidazole leads to decrease ie th
nucleophilicity of imidazole moietiesAt higher pH all the polymers are abundant in neght charged
carboxylate ions, suggesting the possibility of ¢fectrostatic exclusion of nucleophilic Offlom polymer-bound
substrate and decrease in reaction rates werevelsAt higher pH of the reaction medium, the rate ofatalyzed
reaction increased due to the increased concantrafihydroxyl ions.

Effect of solvent composition of reaction medium owratalytic amidolysis

The swelling of the polymer network is crucial the easy access of the recognition sites and ltbaamposition
of the solvent mixture plays a vital role on amelativity of the imprinted polymer. In order topdore the
outcome of the reaction medium on amidolysis, #aetion was carried out with different ratios oé@mitrile —Tris
HCI buffer at p' 7.75(Fig.6). The MIP P1 shows significant decrease in imprinting efficigi@®” k) as the
solvent composition(ACN-Tris HCI buffer) changeerfr1:9 (17.79) t03:7(5.59) and then t6:5 (0.1). Figure 6
implies that, as the acetonitrile content in thivesat mixture increases, the amidase activitPdtbecomes similar
to that of uncatalyzed reaction due to the swelbhghe macroporous polymél in the medium. The molecular
imprint with specific reactive functionalities gedeformed which limits the correct positioning betT.S of the
amidolysis in the cavity. At 5: 5 ACN-Tris HCI beff ratio, the catalytic efficiencycfys /Kuncar. ) Values shown by
P1 andP2 were found to be 1.02 and 1.21 respectively inmgythat the imprinting effect is insignificant dwet
acetonitrile content in the reaction medium incesasn the case ¢#3 andP4, catalytic efficiency increases as the
ACN in the reaction medium increases. The recogmisites of the rigid polymeP3 synthesized in chloroform
were expected to be less deformed even though @M% éontent in the solvent mixture increases. Moegpthe
accessibility of the catalytic sites increases ilegdo remarkably higher imprinting efficienc @ kc.) as the
acetonitrile content in the solvent changes ffia(1.05) to5:5 (15.91).

20
154
xg
S 10 -

0 T . ' .
19 3:7 95

Solvent Composition

Fig. 6. Effect of solvent composition on catalytiamidolysis

The immobilization of the complementary functiongdoups in definite geometry during polymerizatios i
responsible for the specificity of the imprintedypoer catalyst. The polymé?3 prepared in chloroform as porogen
resulted in less porous structure. When the peagenof acetonitrile is increased the imprinted pay exhibited
higher swelling capacity and then only the polyman have well defined imprinted sites and henceeased
catalytic activity. In 5:5 ACN- Tris HCI buffer, ¢hefficiency ofP3 (15.91) is 160 times than that®1 (0.1).Thus,
for P1, the best solvent composition is 1: 9 andH8 it is found to be 9: 1. However, the amidase agtiof P1in

1: 9 ACN- Tris HCI buffer is only 1.12 times highéran the amidase activity &3 in 9: 1 ACN- Tris HCI buffer.
But the saturation time fdP1 in 1:9 ACN- Tris HCI buffer is only 35h whilB3in 9:1 ACN- Tris HCI buffer did
not show saturation in amidolysis even after 128dmceP1 exhibits superior catalytic activity oveB (Fig. 7).
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Fig. 7. Percentage amidolysis vs. time for P1 in9and P3 in 9:1 ACN- Tris HCI buffer

Effect of substrate concentration

The dependence of catalytic rate constant on satbstoncentration was evaluated by carrying outath&lolysis
reaction in different enzyme —substrate molar safiin1, 1:50, 1:75, 1:100, 1:125, and 1:150).T e o amidolysis
was found to increase within the lower range ofcemtration of substrate and as the concentratisub$trate is
increased the rate decreased. The optimum moiarwat found to be 1:100 and beyond this concémtragtalytic
activity decreased due to substrate inhibitidnich happens when two or more substrate moleadespete for the
same active site at the same ti(Rey. 8). When two substrate molecules are attached tsahe catalytic centre,
the enzyme becomes effectively inactive and geisised.

20
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Fig. 8. The effect of substrate concentration on thamidolysis ofZ-L-Phe-PNA by 90% EGDMA-crosslinked enzyme mimics pepared in
DMSO and chloroform

As per Michaelis-Menten kinetics, the enzyme catalgxhibits initial burst kinetics, substantiaktyaincrease in
percentage amidolysis followed by saturation ofaitsivity due to excess substrate. The amidaseityctf the
MIPs prepared in DMSO and chloroform was evaluatetie framework of Michaelis—Menten kinetics at pH5.
For this, the concentration of Z-L-Phe-PNA was talke the range of 25-150-fold molar excess to thfathe
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polymer catalyst. The Michaelis-Menten plot showrrig. 9 clearly indicates that, the initial rate was iraged at
first with increasing substrate concentration, then leveled off at higher substrate concentratéom it remained
constant when all recognition sites were occupiBde macroporous polymer network Bl provides great
accessibility to bind the p-nitroanilide than tlesd porous polymer matrix B3 in 1:9 ACN- Tris HCI buffer. The
catalystP3 could not behave like enzyme catalyzed reactioh: i ACN- Tris HCI buffer. But, in 9:1 ACN- Tris
HCI buffer, a reverse trend is observed.
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Fig. 9. Michaelis- Menten plot for the MIPs P1 andP3
Comparison with Natural Chymotrypsin
Compared to natural chymotrypsin, the polymer gat&1 shows only 48% catalytic activity in the amidobysif
Z-L-Phe-PNA and it takes 35h for attaining satunatiBut, it exhibits greater shelf life, higher timal stability and
can be recycled and reused on comparison with aladmzyme. The thermal stability of the enzyme rognivere
investigated by incubating the imprinted mimics4dnours at a range of temperatureS@a40°C (Table 5).

Table 5: Kinetic parameters supporting thermal stalility of MIPs

Chymotrypsin Kinetic Temperatur8C
mimics parameters 80 90 100 110 120 130 140
P1 Kops/Kuncat ~ 4.06 4.03 402 396 390 385 202

10%k.,,  17.79 17.63 17.56 17.23 16.89 1655 593
Kope/Kumear 117 116 115 110 1.08 104 1.02

P3 10%Kk o 1.05 1.00 0.93 0.58 0.45 0.23 0.12

By measuring the catalytic parameters, it is fotimat, the enzyme mimics are stable up to 1Btand then the
catalytic activity gets decreased. A Sharp decreasatalytic activity is observed fét1 after 130°C. ButP3 does
not show considerable loss in catalytic activitytapl40°C due to the rigid morphology of the polymer matrix
Natural chymotrypsin is denatured in the tempeeatange of 45C - 55°C.

The reusability of the enzyme mimics in the amida@yof Z-L-Phe-PNA was assessed in the framework of
Michaelis-Menten kinetics at pH 7.7%able 6 shows the catalytic efficiency of both the MIPs $5consecutive
amidolytic cycles. The results implies ttedter five cycles, the enzyme mimics exhibil{82%) andP3 (55%) of

its catalytic efficiency. The small decrease imabatc activity observed after each cycle may benfgadue to the
destruction of some the recognition sites. Theebbettiality reusability of the enzyme mimic presemtsost-based
argument for its imminent role in economically fildes enzyme catalyzed process.

Table 6: Reusability of the spent MIP mimics

Chymotrypsin Kinetic No. of cycles of experiments
mimics parameters 1 2 3 4 5
P1 Kobs/Kuncat 406 394 385 373 350
102Kk ¢t 17.79 17.11 16.53 15.89 14.59
P3 Kops/Kuncat ~ 1.17 1.15 1.13 1.12 1.10

10k, 105 093 081 070 058
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The amidolytic activity of the MIPB1 andP3 were evaluated after one year of shelf life. TH®#/does not exhibit
considerable loss in enzymatic activity in amidaysven after one-year of shelf lif€able 7). The enzyme mimic
P1 shows only 3.82% decrease in imprinting efficiemtyle P3 exhibits 11.43% decrease in imprinting efficiency.

Table 7: Kinetic parameters supporting the higher belf life of P1 and P3

Chymotrypsin Kinetic Activity of fresh enzyme mimic  Activity after oneegr of shelf life

mimics parameters
P1 Kobs/Kuncat 4.06 3.94
10%K ¢ 17.79 17.11
P3 kobs./kuncat 1.17 1.15
10%K ot 1.05 0.93
CONCLUSION

Porogenic solvents have an eminent role in makiegpolymer matrix macroporous to assure good flowttgh
properties. The nature of porogens determinesttbagth of non-covalent interactions and the molgiw of the
imprinted polymer. The catalytic amidolysis showatt for preparing an effective enzyme mimic witharoporous
matrix DMSO is the best porogen, which leads tarsdion within 35 hours. The polar, non-protic soits stabilize
the template-functional monomer complex by maximizihe H-bonding between the template and functiona
monomers. The polymer prepared in different poregexhibits remarkable dependence on solvent comnposi
ACN - Tris HCI buffer. The enzyme mimic prepareddHCl; shows its maximum catalytic efficiency in 9:1 ACN
— Tris HCI buffer while that prepared in DMSO shative highest rate acceleration in 1:9 ACN — Trid Hffer.
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