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UV -sensiti zed polymeric enzyme mi mic based on vinyl monomers having cavity fo r p-phenyl propion ic acid based 
esters of p-n it rophenol is synthesized. It involves synthesis and uv-sensiti zati on of polymeric enzyme mimic bound to a 
microporous support. The acti vity of enzyme mimic is fou nd to be inh ibited by acylating the ac ti ve site with cis-cinnnamoyl 
imidazole. On irrad iati on it restores inh ibited enzyme mimic 's acti vi ty which is monitored by studying the hydrolysis profile. 
On irradiati on cis-ci nnamoyl is isomerized to trans-i somer generating free polymeric enzyme mimi c. This switching off and 
on mechan ism may be used to light-regul ate cataly ti c activi ty which has potential applicat ion in photoimaging. 

Introduction 

Enzyme protein s have inherently associated 
problems such as incompatibili ty with organi c 
solvents, inact iva ti on at elevated temperature, and pH 
varIat tons. Although the catalytic activity is 
characteri zed by hi gh reaction rates and hi gh 
select ivity, however, its inherent drawbacks limits its 
reuse. Even immobili sati on on a support did not 
overcome the problems. Use of hi ghly crosslinked 
polymeric chemi cal catalysts with some des irable 
features of enzymes, havi ng functional groups 
in volved in enzymat ic catalys is and ex hibiting 
select i vity due to geometric control, can overcome 
the inherent assoc iated probl ems with bio-catalysts l

,2. 

It is fo rmed by bringing the fun ctional groups present 
in close prox imity by compl ex formation in the 
presence of divalent metal ion and immobili sing on 
microporous support2

. Molecul ar imprint ing is used 
for creating caviti es spec ific to molecul e of which 
imprint has been created. 

Foc us is on creatin g arti ficial cavi ties with 
des irabl e fun cti onal groups by molecul ar imprinting·lA 

as they are stable and can be reused. Optimi zation of 
geometries led to rate accelerati on. Bres low l has 
reviewed polymers, which in soluti on act as catalys ts 
for hyd rolys is of es ters and amides, however, they 
were diffi cu lt to recover from reaction system l

. On 
the other hand, highl y cross lin ked polymers 
ex hibiting hi gh catalyti c acti vity were also 
synthes ized. Leonhard t and Mosbach2 have 
synthes ized reacti ve polymers immobilized on solid 

phase usin g molecul ar imprintin g to create sites 
specific for substrates to be hydrolyzed2

. The cavities 
mimic substrate-binding properti es of an enzyme, 
ex hibited substrate spec ificity and increased 
hydrolys is rate. 4-(5)-vinylimidazole was co­
polymeri sed with di vin ylbenzene along with an 
imprint templ ate (N - protected am in o acids) in the 
presence of transition metal ions (C02+). Foll owing 
elution of the template the polymeric mimic was used 
for hydrolys ing p-nitrophenyl es ters of the 
corresponding amin o ac ids. Synthes is of hi ghly 
cross linked polymer compos ItI on adsorbed on 
microporous support has been reported) earli er. It 
consisted of vinyl based polymers with appropriate 
functi onal groups whi ch were brought in close 
proxi mit y by complexati on in the presence of the 
C02

+ ion ami using N-i sobutyl-6-aminocaproyl-L­
phenylalanyl aminopyridine to create an act ive site 
fo r hydrolys is of corresponding nit rophenol substrate 
to corresponding alcohols and am ines5

. Polymeri c 
enzyme mimics based on N- methacrylate-L-serine. N­
methacrylate-L- hi stidine. amI N- meth acrylate-L­
aspartic were also synthes ized. 

Van Oeynse et 0 1.6 have modified (J.­

chymotrypsi n to a lI v-sensit ive enzyme derivative by 
acylating act ;ve- J 95 res idue with a cinnamoyJ group 
or analogue. The uv-sensiti zed enzyme deri vati ve was 
used for photographic app licat ions. The interac tion of 
trans-c innamoyl im idazole with chymotrypsin's 
ac ti ve site was instantaneous7 When ex posed to uv­
radi ati on the trans-cinnamoyl i m id~izo l e gave a less 
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reactive CIS-Isomer which formed a stable cis­
cinnamoyl-a-chymotrypsin6

•
ID

. However, residual 
activity of 0.5-2 per cent remained which was 
blocked by using diisipropyl tluorophosphate6

• On 
irradiation cis-isomer isomerized to trans-isomer 
which deacylated restoring enzymic activity. 
Substrates having close resemblance to ~-phenyl­

propionic acid esters of p-nitrophenol were selected 
because of good interaction with the active site, 
higher selectivity and structural resemblance to 
cinnamoyl derivatives6

.
8

. Such systems were used for 
photographic and photoimaging applications6

. 11 . 12 . 

The present study deals with the synthesis of uv­
sensitized polymeric vinyl based enzyme mimic 
having imidazole group inside a cavity, which 
catalyse hydrolysis of a specific substrate which can 
fit in the imprinted cavity. It involved synthesis of uv­
sensitized polymeric enzyme mimic from vinyl based 
monomers bound to a microporous support and 
having a cavity suitable for ~-phenylpropionic acid 
based esters. This was achieved by using an imprint 
molecule similar to substrate and a complexing agent 
to obtain enzyme mimic for specific applications. 
This was followed by acylation of the hydroxy group 
in the active site with cis-cinnamoyl group or 
analogue. On irradiation cis-cinnamoyl isomerized to 
trans-isomer which deacylated, generating free 
polymeric enzyme mimic in spite of its insolubility in 
aqueous media, thus making it suitable alternative for 
practical applications. Insolubility of enzymic mimic 
in aqeous system does not appear to lower inhibition 
and reactivation levels desired for uv-sensitization. 

Experimental Procedure 

Materials and Methods 

2-Hydroxyethylmethacrylate, ethyleneglycol 
dimethacrylate, glycidy methacrylate, and 1,3-
dicyclohexylcarbodiimide were obtained from 
Aldrich Chemical Company, USA. Methacrylic acid 
was obtained from Fluka Chemie, Switzerland. L­
tyrosine. L-histidine, and nicotinic acid were obtained 
from LOBA, India. N-CBZ-L-tyrosine (N-carbo­
benzyloxy-L-tyrosine) was obtained from Sigma, 
USA. Benzyl alcohol and polyvinylpyrrolidone were 
obtained from Aldrich Chemical Company, USA. 
The chemicals were used directly without further 
purification. Solvents were di stilled before use. p­
nitrophenol was recrystallized from water. Cinnamoyl 
imidazole was synthesized, as reported earlier13

. N-

nicotinoyl-L-tyrosine benzyl ester was synthesized by 
esterification of L-tyrosine with benzyl alcohol using 
p-toluene sulphonic acid monohydrate followed by 
reacting L-tyrosinebenzyl ester with nicotinic acid 
using dicyclohexylcarbodiimide. N-CBZ-L-tyrosine­
p-nitrophenyl ester was formed by reacting N-CBZ­
L-tyrosine with p-nitrophenol using dicycJo­
hexylcarbodiimide. N-methacrylol-L-h istidine was 
obtained by reacting L-histidine with N-methacrylol 
chloride. Poly(glycidylmethacrylate-ethyleneglycol 
dimethacrylate) (3:7 w/w) copolymer was synthesized 
by free radical polymerization . Enzymatic reactions 
were carried out in buffer solution. Phosphate buffer 
(0.05 M) adjusted to pH 7.8 was prepared by 
dissolving di-sodium hydrogen orthophosphate 
(J .7745 g) in 250 mL distilled water and adding 
sodium dihydrogen orthophosphate to maintain pH at 
7.8, followed by addition of sodium azide (62.5 mg). 

Synthesis 

Synthesis of Uninhibited Polymeric Enzyme Mimic 

2-Hydroxyethyl methacrylate (HEMA) (1 ) 
(0.285 g, 2. I 8x I 0.3 mole), methacrylic acid (MAA) 
(2) (0. I 88g, 2. I 8x I 0.3 mole), N·methacrylol-L· 
histidine (MAH) (3) (0.488g, 2. I 8x I 0.3 mole). N 
nicotinoyl-L-tyrosinebenzyl ester (4) (0.825 g, 
2. I 8x I 0.3 mole) and C02

+ chloride hexahydrate 
(0.52Ig, 2.18xI0·3 mole) were taken in equimolar 
quantities and mixed in 10 mL methanol at room 
temperature for I h to give a blue coloured C02

+ 

complex. Free radical initi ator azobisisobutyronitrile 
(9.6 1 mg, I per cent w/w) was added, followed by 
addition of poly(glycidylmethacrylate-ethyleneglycol 
dimethacrylate) (3:7 w/w) microporous spheres (45-
7511) in equiproportion by weight to monomers. 
Stirring was continued for 24 h and a blue coloured 
solid mass was obtained. After filtering the adsorbed 
mass was polymerized at 75 DC for 48 h followed by 
elution of C02

+ and the imprint molecule with 
methanol and dil. HC] to obtain a polymeric 
crosslinked enzyme mimic. The concentration of 
active sites based on imidazole concentration was 
3.8x I 0.4 mole/g of polymeric enzyme mimic. 

Inhibition of the Polymeric Enzyme Mimic 

Polymeric enzyme mimic (0.100 g. 3.8 x 10.5 

mole) was taken in a 100 mL conical flask. To this 24 
mL 0.05 M phosphate buffer (pH = 7.8) and 24 m 
photostationary mixture of trans-cinnamoyl 
imidazole (5) were added. The photostationary 
mixture of cis- and trans-isomer was obtained by 

-
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irradiatin g trans-cinnamoyl imidazole soluti on 
(0.02g, I x I 0--1 mole) in acetonitri le (6 mL) and water 
(25 mL) with /I V radiati on ( 170 to 400 nm) using 400 
W medium pressure Hanovia lamp (300 nm) 
IPhotostat ionary mixture contained 4.55x I 0-5 mole 
cis-isomer of einnamoyl imidazole]. The mixture was 
stirred in dark for 14 h and kept at 4°C overnight. The 
enzyme mimic was washed with acetonitrile/bu ffer 
solution, filtered, and vacuum dried. The inhibition of 
enzyme mimic was determined by assaying the 
enzyme mimic for p-nitrophenol released, using 
correspond ing substrate as menti oned subsequentl y. 

Hydrolysis Profile of Enzyme Mimic 

The enzyme mimic was charac teri zed by 
hydro lysing N-carbobenzyloxy-L-tyrosine-p-nitro­
phenyl es ter (6) in acetonitrile/buffer (pH=7 .8) 
system. Polymeri c enzyme mimic (0.025g, 0.95x I 0-5 

mole) was taken in a double walled reactor. To thi s 
acetonitri le (4 mL) and 0.05 M phosphate buffer (6 
mL, pH :=; 7. 8) were added. Further N-carbobenzy­
loxy-L-tyros ine-p-nitrophenyl ester dissolved in I mL 
acetonitrile was added. The contents were stirred 
slow ly at 37°C. After every 10 min, 10 J..IL of the 
solution was withdrawn and diluted to I mL with 
acetonitr i le/phosphate buffer solution. p -ni trophenol 
released was monitored by measuring absorbance at 
400 nm. 

React ivati on of Inhihit ed Enzyme Mimic 

Inh ibited enzyme mImIc was taken in 
acetonitrile/phosphate buffer (pH=7.8) and irrad iated 
with /I V radiation using 400 W med ium pressure 
Hanovia lamp (300 nm) along with stirring for 3 h. 
The react iva ti on of the enzyme mImIc was 
determ ined by assaying the enzyme mimic for p­
nitrophenol released in enzyme hydrolys is using N­
carbobenzyloxy-L -tyros ine-p-n itrophenyl ester as 
substrate. 

Result and Discussion 

Si mple chemica l catalysts have been des igned to 
achieve some desirable features of enzymes. These 
novel cata lysts are not proteins, but they may 
incorporate typ ica l enzyme cata lytic groups and 
achieve se lecti vi ty due to geometric control of the 
cavity. (X-Chymotrypsin used in photoimaging has 
many limitations. Being water soluble, it might 
di ssol ve and di ffuse in process ing bath, resulting in 
loss of sharpness of imagen. Another drawback of (X­
chymotryps in in photoimag ing is overlapping of uv-

absorption bands of the protein and cis-cinnamoyl 
group . The sensitivity of the sys tem can be altered by 
using 4-nitrocinnamoyl deri vative which possesses 
suitable spectral properti es IO.13. However, it is less 
suitable because of lack of solubility in buffer6

. 

The present work is related to the synthes is of 
uv-sensiti zed polymeri c vinyl based enzyme mimic 
immobili zed on a microporous support and having 
imidazole group inside imprinted cavity which 
catalyzed hydrolys is of corresponding p-ni trophenyl 
ester which can fit in the imprinted cavity. It was 
done by bringing the functi onal groups present in 
close proximity by complex format ion in the presence 
of transiti on metal ion (Co~+) and then polymerising 
into a cross l inked polymeri c enzyme mImIc. 
Molecul ar imprinting was used to create a site 
suitab le for hydrol ys is of ~-phen y lpropionic ac id 
es ters of p-nitrophenol because of close structurai 
resemblance to cinnamic ac id derivati ves . The 
imprint molecule was eluted out to create a cavi ty. 
The resulting reactive polymer showed enzymic 
properti es such as substrate specificity and cat:ll yti c 
cavity. Such a sys tem is stable and can be reused thu s 
offering advantage over enzyme sys tem. 

The polymeric enzYJlle mimic was used for 
obtaining a uv-sensiti zed chemical sys tem which 
could be used for photoimaging appl icat ions and for 
controlling enzymic reacti ons. 2-Hydroxyethyl­
methacrylate (HEMA) (1) monOll1er of the polymeric 
mimic was acylated w ith cis-cinnamoyl imidazole to 
give a uv-sens iti ve enzyme mimic which when 
irradiated with uv- radi at ion gets deacy lated because 
of isomerizat ion of cis- to trans-i somer and the 
process could be used for switchin!! off and on 
enzymatIc process. The polymeric enzyme mim ic was 
stable and could be reused several times wi thout 
loos ing reac tiv ity and select ivity thus offering 
advantage over natural enzyme sys tems. M oreover. 
the cata lys is act ion of the enzyme mimic for the ~ ­

phenoxypropionic acid based substrate was higher 
than other similar enzymic systems because of higher 
se lectivity and higher reactiv ity. 

2-Hydroxye thylmethacrylate (HEMA) (1 ), 
methacryl ic acid (M AA) (2), N-methacrylo l-L­
hi stidine (MAl-I) (3), and N-nicotinoyl-L-tyrosi ne 
benzyl ester (4) were mixed in equimolar quant ities in 
methanol ( 10- 15 mL) wi th stilTIn g at room 
temperature foll owed by additi on of equ imolar C02

+ 

chloride hexahyd rate, resulting in the formation of a 
blue complex . After I h sti rrin g, free radica l ini tiator 
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azobi sisobutyronitrile ( I per cent w/w) was added and 
stirred. Polymeric microporous spheres of pol y(gly­
cidylmethacrylate-ethyleneglycoldimethacrylate) (3 :7 
w/w), in the range 45-75 /1 and in equivalent 
proporti on by weight to the mon omers, was also 
added with stirrIn g. The adsorbed mass was 
polymeri sed at 75°C fo r 48 h to obtain enzyme 
mimi c, fo llowed by eluting imprint molecule (4) and 
C02

+ with methanol and dil HCI. Acti ve site 
concent rati on was determined by Ninhyd rin test and 
Michae li s-Menten constants were determined by 
hydrolys is profil e of the enzyme mimic based on N­
carbobenzyloxy-L-tyros ine-p-nitrophenol (6). The 
active site concentration of the enzyme mimic was 
fO llnd to be 3 . 8x I O·~ mole/g. The active site was 
inhi bited with cis-c innamoyl imidazole (s lightl y more 
than the act ive site concentrati on) in 0.05 M 
phosphate buffe r with stirring for 3h, fo ll owed by 
storage at 4°C overni ght. Photostati onary mi xture of 
tralls-cinnamoyl imidazole having composi ti on cis­
/tralls-cinnamoy l deri vati ve ( 1.4: I) was obtained by 
uv-irradiati on of tralls-cinnamoy l imidazole in 
acetonitril e/water for 3h 6 . The inhibited enzyme 
mim ic was reacti vated in 0.05 M phosphate buffer by 
11 11 irrad iat ion fo r 15 min to 3 h. 

The transition metal ion C02
+ formed a complex 

wit h pyridine. imidazole, and hydroxy groups. 
Foll owing elution of template (4) after polymeri -

HO -@- CH2 - CH - ~ - 0 - CH2-@ 

L~-@ 
o 

HO -@-CH2 - CH - ~ - 0 -@- N0 2 

I 
NH - ~ - 0 - CHI -@ 
( 6) 

zation hydrol ys is of p-nitrophenyl es ters of corres­
ponding amino ac id (6) was carri ed out. Hydrolysis 
was catalyzed by imidazo le group. Templ ate (4) was 
used because p-nitrophenyl group does not complex 
with the transit ion metal. 

In order to es tabli sh that combi nati on of 
molecul ar imprinting and introducti on of catalytic 
groups resul ted in acceleration of reacti on controlled 
reactions were carried out. Blank reacti on were done 
by polymeri zation in the absence of template (4). It 
gave far slower rate of hydrolys is. Thi s was because 
imidazole was randomly di stributed. Further, with 
free imidazole, rate of hydrolys is was still lower. 
Change of amino ac id also leads to lowering of 
catalytic acti vity. Thi s concl udes that mimi cs show 
speci ficity and catalytic acti vity. 

Inhibiti on of polymeri c enzyme mim ic with cis­
cinnamoyl imidazole at pH=7.8 was carried out , as 
menti oned earlier. The inhibition of the enzyme 
mimic was determined by assay ing the enzyme mimic 
fo r p-nitrophenol released in enzymic hydrolys is of 
N-carbobenzy lox y-L-tyrosi ne-p-n i trophenol ester. 
Based on hydrolys is profil es of acti ve and inhi bited 
enzyme mimic, inhi bit ion was fo und to be >96 per 
cent as shown in Figurel. Inhi bited enzyme mim ic 
was stable fo r a considerab ly longer duration at 4°C. 
Inh ibited enzyme was st irred in acetoni tri le/phosphate 
buffer (pH=7.8) and irrad iated with uv radi ati on using 
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400 W medium pressure Hanovia lamp (300 nm). 
Cis-cinnamoyl imidazole was isomeri zed to trans­
Isomer which deacylated , thus generating free 
enzyme mimic. Reactivation was determined by 
assayIllg the enzyyme mimic for p-nitrophenol 
released using N-carbobenzyloxy-L-tyrosine-p­
nitrophenol ester. Reactivation of the inhibited 
enzyme mimic was found to be > 83 per cent, as 
shown in Figure I . 

Hydrolys is profile of the active enzyme mimic 
IS shown in Table J. Michaeli s-Menten constants of 
uninhibited enzyme mimic system were found to be 
Kill = J .34x I 0.3 M and Kcal= 1.46Sx I 03/min . KCai for 
chymotrypsin is in the order of J02_ J03/s. The 
substrate N-carbobenzyloxy-L-tyrosine-p-nitrophenyl 
es ter was taken five-times more than the ac tive site 
concentration, as shown in Table I . The concentrati on 
of the substrate was increased to 8, 10, 12 and IS­
times the enzyme mimic active site concentration . 
The effect of increased substrate concentration on 
hydrolysis of the p-nitrophenol based substrate was 
studied . Figure 2, showed p-nitrophenol (mmole) 
released aga inst time (min) at different 
concentrations. Increase in hydrolysis rate with 
increased substrate concentration as many fold , as 
shown in Figure 2 confirmed hydrolys is taking place 
inside cavities. In spite of being insoluble in aqueous 
solution the arti ficial enzyme mimic was inhibited 
and reac ti vated effectively. 
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Figurc I - Hydrolys is profile of polymeric enzyme mimic. (al 
ac ti vc. (b) inhibited, and (c) rcact ivatcd using N-CBZ-L­
tyros inc-p-nit rophenol as substrate 

Inhibition and reactivati on of the enzyme mimic 
reported was compared with the enzyme mimic based 

Table 1- Hydrolys is profile of ac ti ve HEMA-MAA -MA H 
based enzyme mimic 

SI No Substrate* Time. Absorbance at p- itrophenol 
mmole min 400 nm mmol 

0 .0475 00.0 0.0000 

10.0 0.425 0.0117 

20.0 0.699 0.0192 

2 0.0760 00.0 0.0000 

10.0 0.759 0.0209 

20.0 1.04 1 0.0287 

3 0.0950 00.0 0.0000 

10.0 1.035 0.0286 

20.0 1.250 0.0346 

4 0. 11 40 00.0 0.00000 

10 .0 1.249 0.03455 

20.0 1.660 0.04593 

5 0 .1 425 00.0 0.00000 

10.0 1.688 0.04679 

20.0 2.020 0.05598 

*Ellzyme mimic = 0 .0095 mmole 
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Figure 2 - Hydrolys is profile of polymeric enzyme mimi c 
using N-CBZ-L-tyrosine-p-nitrophenol as substrate. (a) 5-times. 
(bl 8-times, (c) 10-times. (d) 12-times . and (e) IS- times the 
concentrati on of act ive site of polymeri c cnzymc mimi c 
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on N-methacrylol-L-serine, N-methacrylol-L­
hi stidine, N-methacrylol-L-aspartic prepared under 
simil ar conditions. It had active site concentration 
based on imidazole concentration of 2.32 x 10.5 

mole/g. The hydrolys is of the enzyme mimic using 
same substrate as used earl ier, showed that enzymic 
catalys is is much lower than the system reported 
earlier, because of poor binding and lower reactivity 
in spite of high substrate concentration. To obtain 
reasonable amount of catalytic acti on substrate 
concentrat ion used was 50-times and hi gher than the 
active site concentration (Table 2) Mi chae li s-Menten 
constants were found to be Kill = 5.307x I 0.4 M , and 
K,at == I 0.5 8x I 03/min . Inhibition at pH = 7.8 was 
fou nd to be >95 .8 percent and reacti vat ion was found 
to be >82.4 per cent. On react ivati on the enzyme 
mimic showed Kill = 2.487x I0·4 M, and Kcat 
5.054x 1 OJ/min . 

The reported polymeric mImic based on 
monomers 1, 2, and 3 in spite of its in solubility, 
proved to be a suitable al ternati ve fo r practi cal 
app li cat ions. Thus , switching off and on mechani sm 
could be used to regulate catalyt ic act ivity. It has 
potentia l app li cat ion in photoimagin g, in particular, 
and for other enzymic reacti ons involving chemi ca l 
ca tal ysis. 

Conclusions 

It relates to the synthesis of uv-sensilized 
polymeric enzyme mimic bound to a microporous 
support by acylat in g the acti ve site of the enzyme 
mimic having hydroxy group with cis-cinnamoyl 
deri vative whi ch on irradiati on restored in hibited 
en/.yme' mimic ' s act ivity monitored by studyi ng the 
hydrol ysis profile. Thi s switching off and on 
mechanism coul d be used to regulate catalyt ic 
activi ty. Use of ~-phenoxypropion i c acid es ters of p­
nitrophenol resulted in better selecti vity and reac tivity 
because of resemblance to cinnamoyl imidazole, used 
fo r in hibition of act ive site. Other enzymic sytems 
were not found sati sfactory because of poor catalys is. 
Photoreceptive enzymati c systems usin g li ght­
sensitive subst rates could be empl oyed for light­
regulati ng the enzymati c process and for 
photographi c app licat ions. 
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20.0 0 .755 11 0.550 0 .02 11 0 .01 5 1 
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20.0 0.975 0906 0.026<) 0.02-1<) 

*Enzyme mimi c = 0.00058 mmol e 
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