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Influence of cross-linking monomer and hydrophobic styrene comon
on stereoselective esterase activities of polymer catalyst imprinted
transition-state analogue for hydrolysis of amino acid esters
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Abstract

Polymer catalysts, cross-linked withN'-ethylene (G) {or butylene (G)}-bisacrylamide containing-histidine and quaternary trimethyl-
ammonium groups were imprinted with a racemic transition-state analogue of phenyl 1-benzyloxycarbonyl-3-methylpentylphosph
the hydrolysis op-nitrophenyIN-(benzyloxycarbonyl): (or p)-leucinate £-1 (or b)-Leu-PNP}. Maximal stereoselectivity./p = 8.4) was
obtained by usindN,N’-C,-bisacrylamide cross-linked polymer catalyst, which was copolymerized with hydrophobic styrene mon
© 2000 Elsevier Science Ltd. All rights reserved.
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Preparations of molecularly imprinted polymers (MIPs) describe our improvement on the substrate-stereospe
have been investigated as a widely applicable and conveni-properties of a cross-linked-histidyl group €-His)-intro-
ent method, which creates three-dimensional networks with duced polymer catalyst, which were imprinted witdc-
a “memorized cavity” of the shape and functional group TSA for the substrate-stereoselective hydrolysig-af (or
positions of the template molecule [1-8]. In this respect, p)-Leu-PNP, by following two methods: (1) examination
MIPs have been applied for creating transition-state different lengths of two cross-linkers at the copolymeriz
imprinted enzymes as artificial “catalytic antibodies” in tion (TP-1 and TP-2 in Fig. 1) in order to alter the polym
recent years [9-13]. We previously reported polymer swelling; and (2) copolymerizations with hydrophobic sty
catalysts [12,13] which were imprinted with a racemic ene comonomer (TP-3 in Fig. 1) so as to introduce t

transition-state analogue rac-TSA) of phenyl 1- additional cooperative effects of catalytically active grou
benzyloxycarbonylamino-3-methylpentylphosphonate for in memorized cavity against the hydrophobic substrate.
the stereoselective hydrolysis of amino apidhitrophenyl RacTSA was obtained as described previously [1
ester of p-nitrophenyl N-(benzyloxycarbonyl} (or b)- Cross-linked polymers were prepared by radical polym

leucinate f£-L (or p)-Leu-PNP}. In our previous work, zation. Equivalent amounts (0.195 mmol) of metNyacry-
acceleration factors were evaluated by the ratios of the loyl-r-histidinate {-His monomer) andrac-TSA were
pseudo-first-order reaction rate constants obtained with mixed in DMSO (5.0 cm) for 1 h at room temperature in
and without the catalystk{; and ki, respectively); N, for making some interaction between thélis monomer
KeatKuncat = 2-12 [12,13]. Although the attainable accelera- and TSA before the polymerization,1 followed by the ad
tion factors (K.adkKuncad Were improved by Wulff et al.  tion of acrylamide (1.95 mmol)N-(3-trimethylaminopro-
KeatKuncat = 18-102 [11] compared to ours, the factors of pyl)acrylamide chloride (0.875 mmol), a cross-linker
the substrate-stereoselectivity is not systematically investi- N,N’-C-bisacrylamide (0.389 mmoln=2 or 4) and
gated in detail. Therefore, further investigations of novel AIBN (0.130 mmol) into the DMSO solution, and the
TSA-imprinted polymer catalysts seem to be of interest
and significant to design efficient “plastic enzymes” as a
simplified model reaction of esterase. Here we wish to

! In the 400 MHz'H NMR spectra of the DMSOolution including.-
His monomer andac-TSA, the chemical shift of the imidazolyl NH proton
- (in L-His monomer) from 6.60 to 7.20 ppm and that of the amide@NH

* Corresponding author. Tel:#81-774-38-3509; fax+81-774-38-3516. proton (in TSA) from 7.53 to 6.90 ppm suggested hydrogen bond formati
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Fig. 1. Schematic illustration of thec-TSA-imprinted polymers for stereoselective hydrolysiZaf (or p)-Leu-PNP.

polymerized at 6TC to produce a polymer possessing a distributed quaternary trimethylammonium groups through
cross-linker content of 11 mol%. Copolymerization with their framework and were found to be very soluble in water.
styrene monomer was performed in the TP-2 type synthesisThese positive trimethylaminopropyl groups probably
(TP-3 type). Three kinds of the TP-3 type-polymer catalysts attract negative phosphonate groups and/or hydroxide ions.

were prepared by adjusting the initial molar ratio; TEAis The hydrolyses oZ-L (or p)-Leu-PNP (20.Gumol dm™)
monomer:styrene monomer:acrylamidg3-trimetylamino- by the soluble polymer catalyst {methythistidinate (His)
propyl)acrylamide chlorid®N,N’-C,-bisacrylamide= unit concentration= 0.10 mmol dm3} were carried out in

1:1:2:9:3.9:3.9 (TP-3A), 1:1:2:9:3.9:5.7 (TP-3B), and 10 vol% MeCN-Tris buffer (pH 7.15) at 3G. The pseudo-
1:1:2:9:3.9:7.3 (TP-3C). Removal of TSA from the polymer first-order reaction rate constants obtained with and without
was performed with 5 vol% BN-AcOEt. Recovers of the  the catalystK., andk,...; respectively) were determined by
template from the cross-linked polymers were 70.5 (TP-1), monitoring the produced amount pfitrophenolate (PNP)
65.6 (TP-2), 72.7 (TP-3A), 69.3 (TP-3B), and 58.9 mol% anion spectrophotometrically at 400 nm. The second-order
(TP-3C). These polymer catalysts possess randomlycatalytic rate constarki’ was evaluated by the equation
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Table 1

Catalytic activities k2P") and stereoselectivitig&Zr “/k32P ) of rac-TSA-
imprinted polymer catalyst (TP-1, TP-2, TP-3A, 3B, or 3C) for the hydro-
lysis of Z-L (or p)-Leu-PNP ([Substrate} 20.0 mmol dm* in 10 vol%
MeCN-Tris buffer (pH 7.15) at 3€. The histidyl group contained in
the catalyst was 0.100 mmol drhin the reaction)

Catalyst Cross-linker content (mol%) kP (mol~* dm® min %)
L D L/D

TP-1 11 33.6 10.0 3.36

20 9.60 3.60 2.67
TP-2 11 23.0 10.1 2.28

20 22.5 2.88 7.81

35 13.6 2.30 5.91
TP-3A 20 31.0 3.72 8.33
TP-3B 25 26.0 3.09 8.41
TP-3C 30 19.4 2.57 7.54

3P = (Keat — Kuncad/[His], where [His] denotes the concen-
tration of His unit in the catalyst.

Kinetic parameters for the hydrolyses&f. (or p)-Leu-
PNP by TP-1, TP-2, or TP-3 with the various cross-linker
contents are summarized in Table 1.

Predominant reaction for theform of the substrate was
observed compared with the-form. We previously

reported that the water-soluble polymer catalyst has a reac-

tion cavity which recognizes the skeletonrat-TSA, espe-
cially that of L-TSA [13]. This implies that the complex
formation ofL-His monomer with.-TSA in DMSO through

hydrogen bonding or electrostatic interaction was predomi-

nant rather than withp-TSA in the preliminary mixed
system ofL-His monomer andac-TSA for the synthesis

of the polymer catalyst. In the case of the cross-linker constantky) for the stereospecific esterolysis were obtain
content of the polymer catalyst was 11 mol%, the catalytic from

activity for L-form of the substrate became lower with
increasing length of alkyl chain of the cross-linker from
C, to C,. On the contrary, the catalytic activities for the
form of the substrate were almost constant wkfl}f =
10.0(C,) and 10.1 () mol*dm®min~ . The catalytic
activities of TP-1 containing £cross-linker for bothr-
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Fig. 2. Simplified reaction process of esterolysis with the TSA-imprint
polymer catalyst.

(11 mol%) to 7.81 (20 mol%). Greater stereoselectivity w
observed with TP-2 compared to TP-1 when the cross-lin
contents were 20 mol%. We deduce that appropriate ca
was formed by using the longeg-€ross-linker compared to
the shorter @ one. Further increase of the cross-linke
content from 20 to 35 mol% resulted in a decrease of
catalytic activities of TP-2 against both andp-forms of
the substrate. This result implies that plenty of cross-lin
causes the decrease of the “fluctuations” of the cavi
Therefore, substrate-stereospecific properties of cr
linked polymer catalyst can be improved by changing t
length and the content of the cross-linker. Addition of st
ene comonomer to the copolymerization system led to
enhancement of the catalytic activities anrtbrm predomi-
nant stereoselectivities of TP-3A, 3B, and/or 3C. The ma
mal enantiomeric selectivity was 8.41 with TP-3B when t
cross-linker content was 25 mol%.

There are two possible enantiomer differentiati
processes in the present substrate-stereoselective react
the substrate-binding process (viz. the catalyst—subst
complex formation pathway) and the reaction step of t
catalyst—substrate complex to form the product, as sh
in Fig. 2.

The substrate dissociation constait, and the rate

the linear relation /kea — Kuncad = Km/(Ko —
Kuncad[Cl + L/(ky — kyncad- Kinetic parameters for the ester
olysis of Z-L (or p)-Leu-PNP with TSA-imprinted polymer
catalyst (TP-2 or TP-3B) are summarized in Table 2.

It is worth emphasizing that the polymer catalyst actual
incorporates the-form of the substrate predominantly ov
the p-enantiomer to form the catalyst—substrate compl

and p-forms of the substrate decreased remarkably whenwith Kp/Kh, = 4.46 or 9.33 and hydrolyzes thesubstrate
the cross-linker content increased from 11 to 20 mol%. On efficiently withks/k; = 1.10 or 2.54. Thus, the present TP-
the other hand, significant decrease of the catalytic activity and TP-3B have reaction cavities which seem to be pre
of TP-2 containing @cross-linker was observed for only minantly recorded by the shape ofTSA. Especially the
the p-form of the substrate and resulted in an increase-of TP-3 polymer catalyst, which was copolymerized wi
form predominant stereoselectivity witho value from 2.28 hydrophobic styrene monomer, exhibits the efficie

Table 2
Kinetic parameters for the hydrolysis @fL (or p)-Leu-PNP byrac-TSA-imprinted polymer catalyst (TP-2 or TP-3B) ([Substrat20.0 mmol dm? in
10 vol% MeCN-Tris buffer (pH 7.15) at 30. The histidyl groups in the catalyst were 0.025, 0.050, 0.075, or 0.100 mmdlidrthe reaction. Cross-linker
content of TP-2 was 20 mol%)

Catalyst Substrate 18Km™ (mol dm™3) KR/KE 10%;, (s Ks/ks Ka/Kuncat
TP-2 Z-L-Leu-PNP 2.29 4.46 1.16 1.10 551
Z-p-Leu-PNP 0.513 1.05 4.99
TP-3B Z-L-Leu-PNP 9.52 9.33 0.684 2.54 3.41
Z-p-Leu-PNP 1.02 0.269 1.41
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substrate-stereospecific hydrolysiszei-Leu-PNP through
substrate incorporation into its reaction cavity owing to the
predominant hydrophobic effect for theform. Thek, and
Ko/Kyncat Values of TP-3B were smaller than those of TP-2.
This result probably came from the addition of the styrene
units into TP-3B, which caused a depression of the diffusion
of p-nitrophenolate anion (product) from the inner reaction
cavity to the outside of the polymer catalyst. Although the
magnitude of the hydrolysis in the reactioky)(step with
TP-3B was not so different from that with TP-2, that in the
substrate-bindingi,}) process was much greater with TP-
3B than with TP-2.
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