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ABSTRACT

The increasing of the lipases enzymatic activity is triggered by certain lipase rearrangements structure. The present
study aimed to study the ability of purified lipase in the synthesis chemical compounds application. The results showed
that the purified lipase isolated from Pseudomonas aeruginosa had the ability to achieve the synthesis of chemical
compound such as polylactic acid by using the organic compound lactic acid monomer. FTIR spectroscopy used to
characterize polymer PLA. The results showed that the absorption peaks of the PLA samples spectrum showed the
bands are fully consistency with the corresponding absorption bands of the standard PLA spectrum. The results of the
determination the number average molecular weight (Mn) of the polymerization product PLA were showed that the

maximum molecular weight of the produced PLA was (4950 Da).
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. INTRODUCTION

Biocatalysts is the process that used enzymes to catalyze
the biochemical reactions by conversion the substrates
into products this can achieved by lowering activation
energy of the reaction [1]. Lipases have distinct status
among biocatalysts owning to their ability to catalyze a
broad variety of reactions and an important group for
biotechnologically relevant enzymes [2]. Lipases have
many favorable properties as biocatalysts that make them
appropriate for specific applications when they are
compared with chemical catalysts, because of their broad
substrate specificity and high region and/or stereo
selective characteristics whereas chemical processes are
typically more non-specific and the production of
undesired products in the waste stream can be avoided [3-
6].

Furthermore, lipases can react under mild temperature a

nd pH conditions, thereby increasing the energy required
to direct reactions at extreme temperatures and pressure

s. The stability In organic solvents and a wide variety of

temperature and pH are
Certain factors for bacterial lipases biotechnological abil
ity are To be involved without the assistance of cofactors
[7, 8]. Lipases ware utilized
in industry by growing bacteria producing lipase strains i
n the medium containing a suitable substrate in particula
r (in the food industry), so called "in situ application"
Or the use of pure enzymes that are immobilized (Fine
chemicals manufacture especially), of "ex situ
application” [3, 9]. Recently, many uses for petroleum -
based plastic materials and synthetic polymers
whicharenon - degradable materials serve as
waste materials have resulted in a severe  environment
pollution which effected widely the human life on earth
[10].

Enzymatic polymerization in vitro catalyzed by an
isolated enzyme by non-biosynthetic pathways. This line
is proven to be effective in the natural polymers synthesis
and has been extended to the synthesis of biodegradable
polymers [11, 12]. One of the important polymers is
Polylactic acid (PLA), it is biodegradable and bio
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absorbable polymer based on renewable resources [11,
13].

Polylactic acid have more attention as the green materials
owing the process to get PLA which was derived from
polymerization of lactic acid which obtain from
renewable resources. additionally, there were some works
to synthesize PLA by the bioprocess using an enzyme
based catalysts as lipases instead of using chemical
processes [13-16], However, PLA is real green material
entirely and non-toxic is produce from lipase-catalyst
polymerization resulted in low-molecular weight [17-19].
Due to the high activity and stability of produced lipase
at different ranges of pH, temperature and different
organic solvents, the present study aimed to achieve the
synthesis reaction of poly lactic from lactic acid
monomer.

. METHODS AND MATERIAL

Lipase used in the reaction was produced by P.
aeruginosa isolate as in [20]. The ability of purified lipase
was examined during the contribution of produced lipase
in the synthesis reactions.

The polymerization reaction (synthesis reaction) was
performed according to [18]. The polymerization
experiments include the of use 50mL - flask containing,
1-5 m mol of Lactic acid 85%, purified lipase sample by
gel filtration and lyophilized in a fixed amount of 50mg/m
mol of enzyme was added. Toluene solvent, 8mL and
bidistilled water, 1% (v/v) was supplemented to the
mixture. The mixture was kept at the selected temperature
(55- 60)TC under magnetic stirring for 96hrs. The
produced polymer was purified according to [21].

Characterization the product of the polymerization
reaction:

Determination the spectroscopy of the Fourier Transform
Infrared (FTIR) of the polymerization product was
assaying for recording transmission spectra in the range
of 4000-400 cm™* depending on [17]. On the other hand,
determination of the number average molecular weight
(Mn) of the polymerization product was determined by
end-group analysis according to settled method [10].

I11.  RESULTS AND DISCUSSION

The synthesis reaction (polymerization reaction):
The figures (1) was shown the results of monomer lactic
acid was polymerized to PLA in presence of produced

purified lipase under the conditions of synthesis
procedure. The results showed that the viscosity of
reaction mixture was increased with the increasing of
reaction time during the formation of polymer as a result
of increasing the molecular weight of the polymer.

Fig 1: The synthesis reaction of PLA polymer.

Determination of the Fourier Transform Infrared
spectroscopy (FTIR) of the polymerization product:
The results in the figure (2) was showed the transmission
spectra of FTIR spectroscopy of the produced polylactic
acid sample, figure (3) the monomers Lactic acid
(control) and figure (4) the standard PLA. All the spectra
of the absorption peaks are compared, suggesting the
PLA product being formed under the effect presence of
lipase during the polymerization. The results of spectrum
of the absorption peaks of the PLA samples showed the
bands located at 2926, 2856 cm™ of C-H from CHs
1743CM*— C=0, C-O-C — 1220,1166 cm™, 3450 Cm
1 stretching of OH group are wholly consistent with the
comparable absorption bands of the standard PLA
spectrum.

The spectrum of polylactic acid polymer was shown the
bands at 2926, 2856 cm! from asymmetric and symmetric
valance of C-H from CHjs, respectively. It's possible to
observe a band shift associated to the C=0 stretch in the
spectrum of monomer lactic acid in 1728 cm' to 1743 cm?
in the spectrum of polymers, these bands that show Shifts
of monomers to polymers, also the results was showed a
difference in the absorption peak intensity which suggests
the arrangement of molecules in the polymer. Bands
corresponding to the bending vibration of CHs;
(asymmetric and symmetric) found at 1462, 1529, 1546
cm!. C-O-C asymmetrical and symmetrical vibration
found at 1220cm’ and 1166cm’. Finally the band around
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3450 cm! is associated to the stretching of (OH) group
and this decrease from the monomer compound to the
polymer as result to polyesterification reaction was
formed the ester bond that consumers the (OH) groups
when they react with the acid groups.

The increasing of the lipases enzymatic activity is
triggered by certain rearrangements of structural of the
lipase active-site position, this characteristic feature is
supported by the lipases crystal structures, with the
transition state of structural analogs, and it is contributed
by the residues of amino acid of the lipase itself
composition. The results in the present study agree with
study of [22-24] and the study of [25] whose showed that
lipases are characterized by wide substrate specificity and
regiospecificity, thus lipolytic enzymes could be used in
hydrolysis and the synthesis in many fields of industry.
The results in the present study agree with [26] and [15,
27]. The study of [17, 28], whose showed that it has
particular interest especially as PLA synthesized by a
green route using lipases and the polymerization of PLA
using lipase as catalyst affects several reaction conditions
include, kind of reaction, lipase natured, reaction time and
type of solvent. Most of lipases express higher catalytic
activity under such conditions than in aqueous solutions
with the dissolve substrate molecules, by the so called
interfacial activation phenomenon [29, 30]. When lipases
act in the existence of organic solvents (although in
sometimes the reaction with a small requirement of water)
they have the ability to perform the reverse reactions as
ester synthesis, "Esterification" or the exchange of acyl-
group "Transesterification”, is categorized into classes
according to the chemical species which react with the
ester.

Fig 2: FTIR spectrum of PLA produced by reaction lipase -
catalyzed.

Determination of the number average molecular
weight (Mn) of the polymerization product:

The experiment of measurement Molecular weight by
determination the number average (Mn) of the
polymerization product PLA was resulted that the
maximum molecular weight of the produced PLA was
(4950 Da), The present study suggested that a unique
thermal treatment was employed successfully at (55-60)°
C for 96hrs and other reaction conditions was enhanced
the molecular weight increasing of PLA.

The results in the present study agree with the study of
[26], who suggested that the produced PLA polymer
possibly will be gotten through polymerization by using
of commercial lipase Lipozyme catalyst under reaction
50°C, has molecular weight in the range of 2600-4500Da,
They reported that the rate of synthesis of PLA was
depended on temperature had suggested 50°C to be an
optimal temperature for the commercial lipase was used
in this work.

28 manianirs

Fig 3: FTIR spectrum of Lactic acid monomer.

4 Wuvenender icm-t)

Fig 4: FTIR spectra of Standard Lactic acid monomer (LA)
and Polylactic acid (PLA).

IV.  CONCLUSION

The present study proved that extracted lipase from
culture medium of Pseudomonas aeruginosa had request
characteristic of significant industrial importance. The
enzyme exhibited maximum stability of high temperature
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range and different organic solvents, so it can be used in
various chemical synthesis reaction especially the
biodegradable polymer such as polylactic acid.
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