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PaGora nocpsimena mo/iyyeHu0 KOMOMHATOPHBIX OMOJIMOTEK B BojAe M cHCTeMax o0pa-
MIEHHBIX MHIENI, a TAKXKe OleHKe KATAIMTHIECKOH akTHBHOCTH mociaeanunx. Ha ocHoBa-
HUHM ONHCAHHBIX OHOMH(OPMAIMOHHBIX MOAXOA0B /I CHHTE3a MOJUNENTHIOB OBLIH BBIO-
panbsl amuHokucIOThL: Gly, Asp, His, Arg u Leu. Ilomnentuabl cHHTE3UpOBAIH KApOOIH-
UMHIAHBIM METOAOM. AKTHBHOCTbH ONpeJe/isiii N0 BO3PACTAHUIO BeJIMYHUHBI ONTHYECKOTO
NOTJIOIEHUsS] OTHOCUTEIbHO KOHTPOJIbHOrO 00pa3ua, He coJep:Kalero aMuHOKHCIOT, Ye-
pe3 15 MuH nociae Hayaja peakuuu. Mcnosb3oBaiau cydcrparsl ABTS, kaTexun, nuporasn-
7041 (a1 okenaasHoii akTusnoctn), ABTS/H,O, (a1a nepokcuaasHoii akTHBHOCTH) H
NIPAB ( JIst rUIPOJIa3HON AKTMBHOCTH) B ﬂpncyTCTmm U B OTCYTCTBHE CYJIb(aToB Zn™ ,
Cu**, Mn"" u remuna. ITo/1y4eHo 10KA3aTeIbCTBO KATAJIHTHYECKOH AKTHBHOCTH B CHHTe-
3l/lp0BaHHbIX KOMOHMHATOPHBIX OnOMoTekax. Hamuyue monunenTuaHbIX Heneil moaTBep-

KJIEHO METO/IOM 3JieKTpodope3a.

INTRODUCTION

The highly effective catalysis by biological enzymes
has inspired many a scientists to synthesize “artificial
enzymes”. The objective of designing artificial enzymes
is to mimic and extend the most exciting aspects of
enzyme chemistry: high rate accelerations and high
selectivity in aqueous solutions. The most interesting
systems due to their catalytic properties are the ribonu-
clease, peroxidases, cytochrome P450 and cytochrome-c
oxidase [1].

The design of artificial enzyme is based on the
knowledge about the structure, architecture and functional
properties of biological enzymes. It is well known that
the enzymes contain a binding site and a catalytic site
consisting of two or more catalytic amino acid groups.
Using the catalytic groups, the reactions that would nor-
mally require two steps are carried out in one simulta-
neous step with an unstable intermediate.

There are at least two strategies to design artificial
enzymes:

A) Introduction of the functional catalytic groups in
the macrocyclic structures. For example, functionalized
cyclodextrins as cyclic glucose oligomers, capable of
forming inclusion complexes with various hydrophobic
guest molecules (e.g., metalloporphyrins as coenzyme
factor or imidazole groups as analog of histidine
formed catalytic site), were prepared to mimic the cata-

Iytic systems such as ribonuclease A, cytochrome P450
and cytochrome-c oxidase [2]. A manganese porphyrin
epoxidation catalyst, when placed in the cavity formed
by the directed assembly of zinc porphyrin molecules
acted as an artificial enzyme [3].

B) Chemical and biological synthesis of peptide and
protein analogues. This line is a very interesting research
area. Hellinga and his colleagues [4] used computational
design methods to transform a non-catalytic, a ribose-
binding protein into an enzyme known as triose phos-
phate isomerase [4]. Beginning with the ribose-binding
protein, the biochemists used their computational meth-
ods to redesign the active site of the protein so that it
would bind both the initial substrate and the product
molecule. Computers are widely employed as tools in
modern biochemistry for designing artificial enzymes
and for various other purposes [6]. These computational
methods involve basically “mutating” a protein in silico
by altering its individual amino acids to work toward a
protein whose active site has the three-dimensional
shape and chemical binding properties that fit a specific
target molecule. The methods not only generate an array
of candidate mutated proteins, which can be vast, but
also narrows down those arrays to a manageable number,
which can be synthesized and tested in the laboratory.
However, these artificial enzymes are frequently a thou-
sand times less active than the natural enzyme.
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Chemical synthesis which involves changes, deletions
or substitutions may lead to potent new artificial en-
zymes. Today, the method of choice for synthesis of
peptides and peptide analogues is the solid-phase meth-
od [5].

At present, bioinformatics and molecular modeling are
the popular approaches used for the chemical and bi-
ological design of artificial enzymes. The bioinformatics
methodology is based on the analysis of nucleotide and
protein sequences [7]. The informational entropy (Shan-
non entropy, ) is a very convenient function for
comparison of related proteins with distinct amino acid
sequences|8].

Varfolomeev et al. [7, 8] used the bioinformatic ap-
proach to deduce the “conservative residues” in each of
the related enzymes and ranked amino acid conservatism
for overall enzymatic catalysis.Comparison and multiple
alignments of amino acid sequences of a representative
number of enzyme families demonstrated the existence
of certain positions of amino acid residues which are
permanently reproducible in all members of the whole
family. For each amino acid, they determined its fre-
quency as the conservative element (/; 0), normaliza-
tion on total number of conservative positions for all
amino acid residues in these families. The comparison of
enzyme amino acid sequences revealed that glycine
(Gly) and aspartic acid (Asp) are the most frequently
recognized absolute conservative residues [8]. Frequency
of Gly as the most conservative residue is 37%. Varfo-
lomeev et al. [8] observed that glycine is a unique
amino acid possessing the highest possibilities for rota-
tion along C—C and C—N bonds of the polypeptide
chain. They proposed that conservative fixation of the
glycine residues in polypeptide chains of related en-
zymes provided a possibility for directed assembly of
amino acid residues into the catalytic subsite structure
with a known conformational mobility of the protein
and the active site.

Asp is the second important conservative residue and
has a frequency of 12.9%. The sum of Gly and Asp
represents about 50% of all conservative residues recog-
nized. Varfolomeev et al. [7, 8] revealed that carboxyl
group of aspartic acid is the most frequently employed
nucleophilic (in deprotonated form) and electrophilic
(in protonated form) agent involved in activation of
molecules by the mechanism of general basic- and
acidic- catalyses in the catalytic sites of enzymes.

Estimation of the frequency of amino acid residues
as conservative elements during multiple alignment of
amino acid sequences in enzymes reveled that Gly, Asp,
Cys, His, Pro and Arg (in order of reported values)
are the most frequently conservative residues in enzymes.

They represented about 74% of all conservative residues
in the enzymes, whereas Met and Ile represent the most
variable elements in the amino acid sequences [7]. The
most conservative residues are separated principally into
two different groups: 1) residues involved in substrate
activation and acting as acids and bases (Asp, His and
Arg); 2) residues forming active site architecture (Gly,
Cys, Pro). Thus, the bioinformatic approach allows recog-
nition of side chains of amino acid residues forming a
catalytic site of the enzymes, which are responsible for
nucleophilic/electrophilic substrate conversion.

Further Varfolomeev et al. [ 7] analyzed the frequency
of amino acid residues in proteins in the Swiss-Prot
database. It was demonstrated that a total frequency of
conservative residues in enzymes completely differed
from total frequency of amino acid residues in proteins.
Leu (9.53%) was the most frequent residue, whereas
Gly (6.85%) and Asp (5.25%) were fourth and tenth
frequent residues, respectively.

In this study, the amino acids for polypeptide synthe-
sis were selected based on the above bioinformatic ap-
proaches[7, 8]. Gly was selected as it was the most
important residue for active site architecture, Asp, His
and Arg, were selected as they were involved in substrate
activation and Leu as the most frequent residue in pro-
teins. The chemical synthesis of polypeptides was per-
formed by carbodiimide method [9]. The objective of
this study was to obtain the combinatorial libraries in
water and reverse micellar systems and to evaluate
their catalytic activity using the reverse micelles as
micro-reactors under size and conformational restrictions.

The reverse micellar system consisted of tiny water
droplets stabilized by surfactants in a bulk water-immis-
cible, organic solvent [10]. The solutions are optically
transparent and it is known that almost any enzyme
can be solubilized in reverse micelles without loosing its
specific activity [11]. Reverse micelles provide a unique
microenvironment which may be exploited to achieve
active conformation of synthesized polypeptides.

MATERIALS AND METHODS

The following reagents, viz. , arginine, AOT (dioctyl sul-
fosuccinate sodiumsalt), ABTS (2,2 "-azino-bis(3ethylbenz-
thiazoline-6- sulfonic acid), NIPAB (6-nitro-3-(phenylac-
etamido) benzoic acid), hemin were purchased from Sig-
ma Chemical Company (USA). Histidine, glycine, hexane,
catechol were purchased from Jalmek (Mexico). Leucine,
hydrogen peroxide and sulfate salts of Zn*", Cu®" and
Mn*" were from Analytyka (Mexico). Pyrogallol was from
MP Biomedicals (Germany), 1,3-dicyclohexyl-carbodiim-
ide (CC) was from Aldrich Chemical Company, Inc.
(USA). Aspartic acid was synthesized by r. Yolanda
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Table 1

Quantity of amino acids and DCC applied in different synthesis assays

Amino acid (AA) Quantity used in the assays in Quantity used in the assay in Quantity used in the assay in
water and micellar medium micellar medium (solubility of | micellar medium (solubility
(solubility of AA in 5 ml of AA in 10 ml of micellar of AA in micellar medium at
PBS) medium) higher DCC concentration)
Assay A Assay B Assay C

Glycine 536510~ mol 1.788 5107 mol 1.788 5107 mol

Aspartic acid

3.75 %107 mol

3.759 107> mol

3.759 107 mol

Histidine 9.65107* mol 2.577 4107 mol 2.5774107 mol
Arginine 1854107 mol 9.492,107 mol 9.492,107 mol
Leucine 2.5510™ mol 5.5865107 mol 5.5865107 mol
DCC 1.968 107 mol 2.32024 107 mol 1.968 107 mol

Garza GarcHa, Biosynthesis Laboratory of the epart-
ment of Biotechnology of this University. All regents
were of analytical grade.

Peptide synthesis in water environment

To obtain the combinatorial library, the concentration
of amino acids in this study was selected based on
their solubility limit in 5 ml of 0.1 M phosphate
buffer pH 8 (PBS) at ambient temperature (22°C). A
solution of glycine, aspartic acid, histidine, arginine and
leucine was prepared in 50 ml of PBS and equal moles
of CC were added (Assay A). The moles quantities of
amino acids and CC are presented in the Table 1.
The reaction was carried out at ambient temperature
(13—29°C) for 7 days under agitation at 100 rpm.
After 7 days, the reaction mixture was precipitated with
cold acetone.The obtained precipitate was completely
dissolved in 50 ml of the reverse micellar medium
containing hexane-AOT (0.05 M) with 0.5 ml of
0.1 M phosphate buffer (pH 8.0). This solution was
employed for activity screening.

For the control activity measurements, same proce-
dures without amino acids were used.

Peptide synthesis in reverse micellar medium

The conditions of the synthesis of polypeptides in
reverse micelles are given in Table 1. Instead of PBS,
50 ml of reverse micellar medium was used. The result-
ant reaction mixture was not homogeneous. It was satu-
rated with amino acids, which did not dissolve com-
pletely in applied media and equal moles of CC (Assay
A). After 7 days of the reaction, the insoluble fraction

was separated by filtration using 0.45 m m Millipore fil-
ter. The filtrate was used for activity screening.

The same assay was carried out using amino acids at
their limit of solubility in 10 ml of AOT-hexane-PBS
system at ambient conditions and equal quantity of
CC moles was added (Assay B of Table 1). The ob-
tained reaction mixture was optically transparent due to
complete solubilization of all reagents.

The conditions of Assay C (Table 1) were almost
similar to the Assay B, except that the CC concentra-
tion was same as in Assay A.

In all assays, the reverse micelle mixtures without
amino acids were used as controls in activity screening.

Activity measurements

All spectrophotometric measurements were carried out
in CINTRA-20 spectrophotometer.

To 2 ml of reverse micellar medium obtained in the
previous step, 0.01 ml of buffer or 0.2 mM cofactor
solution in PBS was added. The reaction was initiated
with the addition of 0.01 ml of 2 mM substrate. The
absorbance was read immediately. The measurement of
absorbance was repeated 15 min after initiation. The
activity was expressed as increase in absorbance with
reference to control without amino acids.

Zn2+, Cu*" and Mn*" sulfates were used as cofactors.
Hemin was added as cofactor in ABTS/peroxide initiat-
edreactions. ABTS, ABST/H,0,, NIPAB, catechol and
pyrogallol were used as substrates, in the presence and
absence of cofactors. The absorbance of the reaction
mixtures was monitored at 405, 405, 420, 420 and
400 nm respectively for theses substrates. ABTS, catechol,
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pyrogallol were used as the substrates for oxidase activity
measurement [12—14] and NIPAB as the substrate for
determination of hydrolase activity [15].

The activity measurements were carried out at differ-
ent time of the polypeptide synthesis reaction by means
of (ABTS/Zn*") system.

The kinetic measurements were performed for
25 min under same conditions using combinatorial li-
brary of assay A and (ABTS/Zn>") or (ABTS/Cu’").

All measurements were done twice. The average val-
ues of absorbance change are reported. The standard
deviations were not more than 15%.

Electrophoretic separation of the combinatorial library
synthesized in assay A by means of reverse micellar
system

The reaction mixture was first concentrated by hexane
evaporation at room temperature. The residue was dis-
solved in 2 ml of water and then precipitated with a
final concentration of 2% trichloro-acetic acid. The pre-
cipitate was washed twice with water and then dissolved
in 0.5 ml phosphate buffer (0.1 M; pH 8). Twenty
microliters of the sample were applied on 10% sodium
dodecyl sulphate-polyacrylamide (SS-PAGE) gel elec-
trophoresis system [15] employing Tris-glycine buffer at
pH 8.5. After 3 hours of electrophoresis at 100 V con-
stant voltage, the gel was removed from the cassette, fixed
in acetic acid: methanol: water (10:45:45) mixture and
stained with Coomassie brilliant blue R dye for 2 h.
After detaining overnight, the gel was scanned in a flat-
bed scanner and the molecular weight of the bands
was approximated basing on color bands of standard
protein markers (K-12 Marker, Invitrogen, CA, USA).

RESULTS AND DISCUSSION
In the present study, five amino acids glycine, aspartic
acid, histidine, leucine and arginine were selected by bio-
informatic approaches for chemical synthesis of
polypeptides by carbodiimide method. The solubility of
selected amino acids in 5 ml of PBS was estimated to
define the concentrations that may be used for obtain-

ing of the combinatorial libraries. These results corre-
sponding to assay A are presented in the Table 1.

Initially, the synthesis was carried out in the PBS
(aqueous medium) as well as in reverse micellar medi-
um (assay A). In both cases, the activity was determined
in reverse micelle systems.

In the present study, amino acids cysteine and proline
were not employed, because of these conservative amino
acids are responsible for formation of bonds to main-
tain the enzyme conformation [7, 8]. It has been pro-
posed that the micellar system is an appropriate substi-
tute for these amino acids to restrict the size and con-
formation of synthesized polypeptides.

The characteristics of micellar medium employed
during the entire study in the synthesis and activity
measurements are described in the Table 2. The W
(the molar ratio of water to surfactant concentration in
reverse micelle system) values were different in the
synthesis process and in the activity assay. In the syn-
thesis PBS was added for regulation of pH of the
medium at 8, whereas in activity assay, the substrate and
cofactors were also dissolved in aqueous medium.

Based on the data reported for reverse micelles of
AOT in different organic solvents (cyclehexane, heptane,
isooctane, hexane), Mat (1994) correlated the hydrody-
namic radius of the water nucleus (7,) as a function of
Wy r,(nm) = 0.389 + 0.155 W,. Using this equation,
the radius (r,) of water nucleus for both micellar
systems was estimated. It increased from 2.11 to
3.83 nm, respectively for synthesis and activity assay
(Table 2).

Considering that the surfactant is located in the water/
hexane interface and that the surfactant and water are
homogeneously distributed in reverse micelles, the aggrega-
tion number (the number of surfactant molecules for
each micelle, N,,, ) was determined using the polynomial
function N, = 32.1 — 1.25 W, + 0.873 W’ [18]. The
N, value increased from 126 to 435 (Table 2).

It is known that the reverse micelles are kinetically
active systems, which may exchange the entrapped ma-

Table 2

Characteristics of micelle systems applied in synthesis reaction and in activity measurements

Assay Wy=H,0/AOT Hydrodynamic radius of the Number of surfactant molecules for
watery nucleus, nm each micelle
r~=0.389+0.155 W, Nygg = 32.1 = 1.25 W, +0.873 W,
Polypeptide 11.11 2.11 125.97
synthesis
Activity 22.22 3.83 435.35
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Table 3

Change of absorbance (A A) after 15 min in the activity screening assay using combinatorial libraries obtained in
water and micellar medium in assay A

Substrate Cofactor A A in library from water medium A A in library from micellar medium
In the presence of AA Control In the presence of AA Control

ABTS Zn*" 0 0 0.250 —0.059
Cu** 0.04 0 -0.037 -0.085
Mn?* 0 0 0.065 —0.143
Hemin 0 0 -0.309 -0.076
Without -0.103 0 —-0.143 -0.073
cofactor

ABTS/ Zn % -0.008 0 -0.065 -0.15

10, Cu** -0.063 0 -0.033 -0.102
Mn* -0.007 0 0.063 -0.016
Hemin 0.025 0 -0.251 —0.0845
Without 0 0 -0.164 0.0705
cofactor

Catechol Zn % 0.031 -0.003 -0.094 -0.009
Cu** 0.014 0.016 0.071 0.326
Mn* 0.002 0.029 -0.194 —-0.088
Hemin 0.028 0.048 —-0.096 0.082
Without 0.027 0.014 0.044 -0.167
cofactor

NIPAB Zn % 0.013 0.063 -0.114 0.002
Cu** -0.005 0.003 -0.001 0.006
Mn?* 0 0 0.060 -0.007
Hemin 0 0 -0.006 -0.118
Without -0.009 0 0.016 —0.048
cofactor

Pyrogallol Zn* ND ND 0.088 —0.166
Cu** ND ND -0.084 0.165
Mn?* ND ND -0.070 0.143
Hemin ND ND -0.044 0.098
Without ND ND -0.0705 0.088
cofactor

ND — not determined. Values in bold and underlined correspond to the positive response.



BECTH.MOCK. YH-TA. CEP. 2. XUIMUA1. 2006. T. 47. Ne 2

139

terials among them. This depends on the micelle size
(which is proportional to W) and temperature. The
second order constant for the kinetics of material ex-
change is 10°to 108 M~"s7', which is two to four
orders of magnitude lower than the collision rate
among the particles [18].

Thus, in the first step of the present study, two dif-
ferent combinatorial libraries (assay A) were obtained
using water and micellar medium. The primary evalu-
ation of activity was performed visually. Change in col-
or was observed only in the library synthesized in
micellar system using high concentration of ABTS as
substrate and Zn*" as the cofactor. Spectrophotometric
measurements were used for accurate estimation of the
catalytic activity.

The catalytic activity of both libraries in the presence
of different substrates and cofactors are presented in
Table 3. The presence of activity was defined as an
increase in absorbance compared to control performed
under the same conditions of activity assay (i.e. sub-
strate and cofactor concentrations, temperature, pH, W,
etc.) using the systems obtained on the synthesis pro-
cedure but without amino acids.

Table 4

Evaluation of oxidase activity in the combinatorial library
obtained in micellar medium (repetition of assay A)*

Substrate Cofactor A A in library from micellar
medium
In the presence of AA | Control

ABTS Zn* 0.076 —0.005
Cu** -0.005 —0.006
Mn®* 0.153 0.013
Hemin -0.086 -0.002
Without -0.112 0.002
cofactor

Pyrogallol | Zn?*" 0.070 -0.021
Cu** 0.133 -0.002
Mn** 0.003 -0.026
Hemin -0.339 -0.022
Without —0.345 —0.006
cofactor

*Values in bold and underlined correspond to the positive response.

The evidence of the oxidase catalytic activity was
obtained in the combinatorial library synthesized in the
aqueous medium. Oxidase activity was demonstrated in
the presence of ABTS and Cu2+, catechol with Zn**
and without ions, and peroxidase activity in the pres-
ence of ABTS, H,0,and hemin as cofactor. In the oth-
er reactions, the absorbance decreased or remained un-
changed and sometimes was greater in control without
amino acids than in the system with polypeptides. The
increase in absorbance in reactions with control implied
the existence of unspecific transformation of substrates
under the conditions of experiment.

Oxidase activity was also demonstrated in the reverse
micelle synthesis. In this case, a greater number of pos-
itive responses were obtained (Table 3). In addition to
the substrates listed above, pyrogallol was also used to
extend the variety of the substrates. In comparison with
the first library, the positive responses exhibited by the
ions were different for same substrates. Moreover, the
hydrolase activity was detected using NIPAB as substrate.

Higher increase in absorbance was observed in the
reaction with ABTS and Zn?>*, which corresponded to
the visual evaluations performed previously. Hence this
reaction was chosen as an indicator for the presence of
oxidase activity in the subsequent experiments.

Table 4 shows the results obtained after repetition of
the synthesis under the similar conditions of reverse
micelle system. The response obtained in the presence
of ABTS was similar to the values described in Table 3.
In the case of pyrogallol, the oxidase activity was also
observed in the presence of other ions (Cu®" and
Mn2+) and actual values differed from the reported val-
ues in Table 3. This could be attributed to the partial
reproducibility of synthesis conditions (temperature, agi-
tation, etc.).

The kinetic curves obtained in the reaction ABTS/
Zn*"and ABTS/Cu?" are presented in Fig. 1. An initial
lag period was observed in the ABTS/Zn*" reaction,
which subsequently showed an increase in absorbance,
while it was decreased in control. The yield of substrate
transformation was calculated considering the major in-
crease of absorbance, the coefficient of extinction was
equal to 36800 M~' cm ™' [13] and at an initial con-
centration of 2 mM of ABTS. The yields were from
60% to 81% in different assays performed for 25 or
60 min with repeatedly synthesized libraries. In the pres-
ence of Cu2+, absorbance decreased both in the control
without amino acids and in the library synthesized from
amino acids.

The effect of storage time of the micellar system at
ambient conditions was studied by monitoring oxidase
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Table 5

Monitoring of oxidase activity during different days of storage of reaction mixture at room temperature

Reactor Day of reaction

0 3 5 7 9 19 21 28 40
With AA | AA —0.198 —0.326 —0.197 0.18 0.267 0.076 0.079 0.035 —0.098
Control AA -0.136 —0.225 —0.234 —0.056 —0.067 —0.005 —0.093 —-0.010 —0.096

activity using the ABTS/Zn ** reaction and the results
are presented in Table 5.

The higher increase in absorbance of the library
synthesized from amino acids than that of control was
detected only on the seventh day. On this day the re-
actors were removed from agitator and stored under
ambient conditions without agitation. An increase in
activity was subsequently observed on oth day, and con-
tinued to be detected until 28" day. Thereafter, a de-
crease in activity was noticed and no activity could be
detected after forty days (Table 5). Formation of white
precipitate was observed during the storage and the
samples were filtered at the time of assay.

The obtained results demonstrated that the presence
of activity is related to the process of the synthesis,
which require a minimum of one week. The activity was
variable and depended on the synthesis reaction time.
The CC or unreacted soluble amino acids were not
removed from the medium and the reaction of the syn-
thesis of peptide bonds or other lateral reactions may
have taken place continuously.

The combinatorial library obtained in assay A by
means of reverse micelle system was separated by SS-
PAGE electrophoresis. It demonstrated the presence of
2 separated polypeptides bands and the wide peptide
band (Fig. 2). The molecular weights of separated
polypeptides were between 55.4 and 66.3 ka, and a
peptide band was also located between 6 and 14 ka
molecular weight markers (Fig. 2). The aqueous solution
of amino acids or mixture obtained in control synthesis
without amino acids did not demonstrate any bands.
The obtained results confirmed the presence of polypep-
tides in the performed reaction.

To exploit the advantage of combinatorial chemistry,
assay B and assay C were carried out parallely to assay
A (Table 1). The results of activity measurements are
given in Table 6. The results of the system correspond-
ing to assay A are similar to that reported in the Tables
3and 4. However, decrease of amino acid concentrations
in the assay B and C prompted a difference in the

positive responses with the applied ions. These combina-
torial libraries in the assays B and C demonstrated ac-
tivity in presence of Cu’" ions, which was not detected
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Fig. 1. Kinetics of ABTS oxidation by combinatorial library of

assay A synthesized in micellar medium: Top — in the presence of

Zn*" as cofactor; Bottom — in the presence of Cu 2* as cofactor

(The thin top lines correspond to sample with amino acids and
the thick bottom lines to control without amino acids)
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Table 6
Comparison of oxidase activity in the combinatorial libraries obtained in the micellar system under conditions of
assay A, B and C
Substrate Cofactor A A in library from micellar | A A in library from micellar | A A in library from micellar
medium (Assay A) medium (Assay B) medium (Assay C)
With AA Control With AA Control With AA Control
ABTS Zn? 0.024 0.013 0.02 0 0.109 0.013
cu?* 0.005 0.028 0.244 0 0.065 0.028
Mn** 0.038 0.030 -0.103 0.008 —-0.031 0.030
Without 0.009 0.128 -0.028 -0.019 0.019 0.128
cofactor
Pyrogallol Zn? 0.135 -0.019 -0.014 —0.064 0.127 -0.019
cu* 0.097 —0.090 -0.013 0.021 —-0.007 —-0.090
Mn** 0.222 —0.086 -0.248 0.149 0.172 —0.086
Without —0.006 0.002 0.362 -0.014 0.074 0.002
cofactor

in the same reaction with the library obtained in assay
A. The activities were not observed in the presence of
Mn **. There was difference in pyrogallol oxidation in
both assays as well as in comparison with assay A. The
greater unspecific oxidation of this subtrate was detected
using library from assay B in the presence of Cu >
and Mn >*. Zn?" did not provoke the oxidation of
pyrogallol and only without ions the increase in absor-
bance was determined.

Assay C differed from assay A only on amino acid
concentrations, but not in CC, the obtained combina-
torial library demonstrated the tendencies to transform
ABTS as observed in the case of assay B. However, with
pyrogallol, the response was more similar to that ob-
served in assay A, except in the reaction carried out
without ions and in the presence of Cu >* These re-
sults demonstrated a perspective on the application of
combinatorial chemistry approaches to enrich the possi-
ble combination of polypeptides to give a variety of re-
Sponses.

Combinatorial chemistry or “high-throughput exper-
imentation”, if applied in a smart way can lead to a
wide range of highly reproducible and comparable re-
sults. A new line of polymer science can be developed,
eventually leading to some kind of “material informat-

ics” in combination with theory, prediction and molec-
ular modeling. This could allow “design” of new cat-
alyst materials, based on a detailed understanding of po-
lymerization processes, catalyst function, structure-prop-

kDa
[

200

116,3
97,4

66,3
55,4

Fig. 2. Electrophoretic separation of the polypeptides of
combinatorial library synthesized by means of reverse micelle
system in assay A
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erty relationship and correlation of molecular and
nano structure and function with macroscopic features.
From the academic standpoint the obtained results
represent a new step in the understanding of protein

structure function relationships as well as experimental-
ly demonstrated the important role of conservative
amino acids in the principles of catalytic polypeptide
properties.

ACKNOWLEDGMENTS
The authors wish to express their sincere appreciation to Dr. Varfolomeev S.D. for his interesting conference during his visit
to Mexico and as well as for his helpful suggestions during the development of this project; to Dr. Jorge Romero Garcia and
Dr. Yolanda Garza Garcia for technical assistance. The present research was supported by the grant SEP-CONACyT 42522.

REFERENCES

1. Breslow R. // Pure & Appl. Chem. 1998.70. P. 267.

2. Breslow R. // Accts. Chem. Res. 1995.28. P. 146.

3. Merlau M. L., Majia M. P., Nguyen S.B., Hupp, J.T. // Angew. Chem.
Int. Ed. 2001. 40. P. 4239.

4. Dwyer M. A., Looger L.L., Hellinga H. W. // Science. 2004. 304.
P. 1967.

5. Merrifield R.B. // Science. 1986.232. P. 341.

6. Pellegrini M. // Curr. Opin. Chem. Biol. 2001. 5. P. 46.

7. Varfolomeev S.D., Uporov I.V., Fedorov E.V. // Biochemistry
(Russia). 2002. 67.P. 1328.

8. Varfolomeev S.D. // Mendeleev Communic. 14. P. 185.

9. Sakakibara S. // Biopolymers. 1995.37. P. 17.

10. Chang G.G., Huang T.M., Hung H.C. // Proc. Natl. Sci. Counc.
2000.24.P. 89.

11. Martinek K., Levashov A. V., Klyachko N.L., Berezin I.V. // Dokl.
Akad. Nauk SSSR. 1977. 236. P. 920.

12. Chen S., Ge W., Buswell J.A. // Eur. J. Biochem. 2004. 271. P. 318.
13. Hushpulian D.M., Fechina V.A., Kazakov S.V., Sakharov L. Y.,
Gazaryan I.G. // Biochemistry (Moscow). 2003. 68. P. 1006.

14. Siegel D., Gustafson D.L., Dehn D.L., Han J. Y., Boonchoong P.,
Berliner L.J., Ross D. // Mol. Pharmacol. 2004. 65. P. 1238.

15. Guncheval M., Ivanov I., Galunsky B., Stambolieval N., Kanetil J.
// Eur. J. Biochem. 2004. 271. P. 2272.

16. Laemmli U.K. // Nature. 1970. 227. P. 680.

17. Mat H.B. // PhD thesis, Imperial College of Science, Technology
and Medicine, UK. 18. Matzke, S.F., Creagh, A.L., Haynes, C.A.,
Prausnitz, J.M. and Blanch, H.W. // Biotechnol. Bioeng. 1994. 40.
P.91.

Iocrynuna B pepaxknuro 01.12.05

EVIDENCE OF CATALYTIC ACTIVITY OF POLYPEPTIDES
ARTIFICIALLY SYNTHESIZED FROM CONSERVATIVE AMINOACIDS

Ilyina A.D., Ibarra-Coronado D., Gurumurthy K., Cerda-Ramarez F.

(Departamento de Biotecnologia, Facultad de Ciencias Quimicas, Universidad Autynoma de
Coahuila, Blvd. V. Carranza e Ing. J. Cdardenas V., Col. Republica, C.P. 25280, Saltillo,
Coahuila, México, Fax: 52-844-415-95-34, E-mail. ailina@mail.uadec.mx and Departamento
de Materiales Avanzados, Centro de Investigaciyn en Quimica Aplicada, Saltillo, Coahuila,

Meéxico)

The objectives of this study were to obtain the combinatorial libraries in water and
reverse micellar systems and to evaluate their catalytic activity applying the reverse
micelles as micro-reactors defined the restrictions of size and conformation. The amino
acids, viz., Gly, Asp, His, Arg and Leu were selected for polypeptide synthesis based on the
reported bioinformatic approaches. The polypeptides were synthesized by carbodiimide
method. The activity was defined as increase in absorbance after 15 min of reaction with
reference to control without amino acids using ABTS, catechol, pyrogallol as the

substrates for oxidase activity, ABTS/H,0,

as the substrates for per0x1dase act1v1ty and
NIPAB as the substrate for hydrolase act1v1ty, with and without Zn®** Cu

Mn * sulfates

and hemin. The evidence of catalytic activity was observed 1n the synthesized
combinatorial libraries. The presence of polypeptide chains was demonstrated by

electrophoresis.



