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Abstract

Nucleoside analogue synthesis has received much attention because of the wide range of applications that these molecules offer. They are
extensively used as antiviral, antitumor and more recently, as starting materials for functional oligonucleotides. Microbial whole cells are efficient,
ecological and low cost biocatalysts that have been successfully applied to the preparation of these compounds. A new support for cell immobilization
that involves the use of a macroporous polyethylene polymer grafted with chains of polyglycidyl methacrylate—ethylendiamine is described in this
paper. High stability and productivity and easy handling are some of the advantages of the here developed biocatalyst.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Biocatalysed synthesis of nucleoside analogues is a challeng-
ing goal due to the wide spectrum of applications that these
molecules display, such as antiviral and antitumor agents and
starting materials for antisense oligonucleotides [1,2].

The enzymatic synthesis of modified purine nucleosides
through a transglycosylation reaction catalysed by nucleo-
side phosphorylases provides several advantages over chemical
routes, such as regio and stereoselectivity and environmentally
clean one pot reactions [3,4]. Moreover, microbial whole cells
can be directly used as biocatalysts, what provides a simpler
and cheaper methodology since enzyme isolation and purifica-
tion are avoided [5,6]. Very few reports have so far dealt with the
use of immobilized microbial cells for nucleoside synthesis and
most of them involved entrapment techniques [7—-10]. Although
some materials have been successfully used for this last pur-
pose, these polymers have drawbacks such as poor mechanical
strength and durability (agar, agarose, alginate, chitosan) or tox-
icity to microorganisms (polyacrylamide, polyurethane) [11].
Therefore, the search of alternative techniques such as adsorp-
tion, may provide new materials for whole cell supports.
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Recent advances in macromolecular biomaterial technol-
ogy combine the effort of scientists in various fields to obtain
polymers with well-defined structures and specific chemi-
cal, physicochemical, mechanical and biological properties
[12]. Due to the fact that microbial cells have predominantly
negative charges on their surfaces, they can be efficiently
adsorbed on a polymeric material carrying cationic groups.
These types of polymers could be obtained by crosslink-
ing, like styrene—divinylbenzene copolymer crosslinked with
poly(ethyleneimine) [13] or by radiation-induced graft poly-
merization (RIGP) [14] like the polymer used in this work. In
this last case, amino groups are attached on the grafted poly-
mer branches that form a flexible brush-type structure, which
enables their interaction with microbial cells. The main advan-
tage is that while crosslinking reaction is performed in presence
of cells, the grafted-type materials are made before cell immobi-
lization takes place and therefore, cell viability is not impaired.
This technique allows the preparation of polymeric material on a
variety of shapes such as films, fibers, hallow fibers or nonwoven
fabric [15] and variation in grafting degree can easily alter the
charge density. Besides, their manipulation is more suitable than
that of gel beads obtained with the majority of the entrapment
supports.

The objective of the present work was to study the behavior of
whole cell immobilized onto a novel porous polymeric support in
the synthesis of purine nucleosides. The used reaction model was
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Nomenclature

RIGP Radiation-induced graft polymerization
PE Polyethylene

GMA  Glycidyl methacrylated

EDA  Ethylendiamine

GA Glutaraldehyde

the synthesis of adenosine from uridine and adenine biocatalysed
by Escherichia coli BL21, which characteristics are fully known
in our research group [16,17].

2. Experimental
2.1. Materials

All employed chemicals were of analytical grade. Nucleo-
sides and bases were purchased from Sigma or ICN. Culture
media chemicals were from Merck and HPLC grade methanol
was from Fischer.

2.2. Support

Macroporous sheets of high-density polyethylene (PE)
were kindly donated by Porex Technology (Fairburn, USA).
These sheets (1.5 mm wide) have pore volume ranging from
40 to 50% and pore size between 45 and 90 pm. Small
pieces of PE were grafted using glycidyl methacrylate (GMA)
as described elsewhere [18,19]. GMA-grafted material was
reacted with ethylendiamine (EDA) by soaking the grafted
material in ethylendiamine:water (1:1, v/v) at 60°C for
4h.

2.3. Cell growth and immobilization conditions

E. coli BL21 (ATCC 47092) was grown at 37°C for 16h
with shaking in 250 ml Erlenmeyer flasks containing 50 ml of
LB culture medium: 1% (w/v) meat extract, 0.5% (w/v) yeast
extract and 0.5% (w/v) NaCl in deionized water adjusted to pH
7 with KOH. Cells were harvested by centrifugation for 10 min
at 12,000 x g, washed once with 30 mM potassium phosphate
buffer (pH 7) and re-centrifuged. The wet cell paste suspended
in 3 ml of buffer was directly incubated with the support during
24 h at 30 °C and with orbital shaking at 200 rpm. The biocat-
alyst was washed and stored in buffer until use (catalyst load
50,000 x 10° cells/g).

2.4. Synthesis of adenosine (standard conditions)

The standard reaction mixture comprising: 0.058 g biocat-
alyst prepared as above, 30 mM uridine, 10 mM adenine and
2.5ml 30 mM potassium phosphate buffer (pH 7), was stirred
at 200rpm at 60°C for 3h. Samples were centrifuged at
10,000 x g for 30s and the supernatants were analyzed by
HPLC.

2.5. Biocatalyst reuse

After 3h reaction, the biocatalyst was taken off from the
reaction, washed with phosphate buffer and used as biocatalyst
for a new biotransformation as indicated above.

2.6. Support reuse

Deactivated biocatalyst was steam sterilized and then treated
with aqueous solution of 0.5 N NaOH at 50 °C during 1 h with
stirring. The cell-free support was then washed with buffer phos-
phate and subjected to a new immobilization procedure. The
efficiency of the reused support was analyzed carrying out the
protocol described in the standard conditions for adenosine syn-
thesis.

2.7. Analysis of reaction products

For quantitative analysis an HPLC equipped with an
UV detector (254nm) and a Kromasil 100 C-18, 5 pum,
25 mm x 0.4 mm column was used. Production of adenosine was
determined using as the mobile phase: (1) 6 min water/methanol
(95:5,v/v), (2) 3 min gradient to water/methanol (90:10, v/v), (3)
6 min water/methanol (90:10, v/v); and as flow rate: 0.9 ml/min.

2.8. Electron microscopy

Polymeric support loaded with E. coli BL21 was socked in
fixative solution (4% (w/v) paraformaldehyde, 0.25% (v/v) glu-
taraldehyde in 0.1 M phosphate buffer pH 7.4) at 4 °C. After 4 h
the material was washed with distilled water. Afterward, sample
was postfixed for 1 h in OsO4 (1%, v/v), contrasted with uranyl
acetate (1%, v/v), dehydrated and embedded in Durcupan (Fluka
Chemic AG). Ultrathin sections were cut from cross-sectional
areas and examined and photographed on a Siemens Elmiskop
I electron microscope.

3. Results and discussion
3.1. Support characterization

Macroporous polyethylene (PE) was used as the trunk poly-
mer. A vinyl monomer containing an epoxy group, GMA, was
grafted onto the PE material and then, the GMA-grafted mate-
rial was reacted with ethylendiamine as described by Lee et al.
[20] giving primary and secondary amino groups.

The shallow area for cell immobilization was 0.1 m2/g, cal-
culated from nitrogen adsorption/desorption isotherms using a
BET-sorptometer. Considering that the microbial area is 2 pm?2,
in theory 50,000 x 10° cells/g could be immobilized. Experi-
mentally, the biocatalyst was obtained by shaking a suspension
of cells in buffer with the polymer. Different quantities of
cells were immobilized (Table 1), observing that similar yields
were obtained when 50,000 or 100,000 x 10° cells/g were used.
Poorer results were obtained with lower or higher biocatalyst
amounts. The last case probably involves diffusion problems
related to cell multilayer.
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Table 1
Optimization of the biocatalyst load necessary for adenosine synthesis by
Escherichia coli BL21 on modified polyethylene

Entry Escherichia coli (x10° cells/g) Adenosine yield (%)*
1 12,500 72
2 50,000 79
3 100,000 80
4 250,000 54

4 9, Adenosine = [adenosinelopuained X 10%/[adenosine]ieoretic-

Transmission electronic microcopy was performed on the
biocatalyst in order to have a picture of the biomass adsorp-
tion (Fig. 1). An ultrathin sample from a cross-sectional area
of the polymeric material was prepared. In order to preserve the
ultrastructure of the biological material included in the polymer,
the biocatalyst was treated as a histological tissue following a
protocol described in the experimental section. In all the exam-
ined slices the cells were found in the interface between the
polymer and the void volume of the pores. Additionally, in all
cases, cells were embodied in a thin section of polymeric mate-
rial that covers the PE surface. We assigned this section to the
grafted chains of poly-GMA-EDA. These results suggest that
the external part of the gel behaves as a hydrogel where the cells
are entrapped.

The yield of adenosine obtained with this immobilized bio-
catalystis similar to that obtained with free cells, but the required
time to achieve the maximum yield was longer (3 instead of 1 h)
(Fig. 2). The same diffusional restriction was observed when
other matrixes were used such as agar, agarose and polyacry-
lamide as previously reported by us [7].
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Fig.2. Time course of adenosine synthesis biocatalysed by free and immobilized
E. coli BL21: (¢) free cells, (@) immobilized cells, and () immobilized cells
treated with GA.

3.2. Storage stability

The temperatures selected for the study of storage stability
were 4, 37 and 60 °C. Free and immobilized cells were kept in
buffer at these temperatures for different times. As observed in
Fig. 3 this new catalyst did not show activity reduction when
stored at 4 or 37 °C for more than 98 days.

In contrast, at 60 °C, both free and immobilized cells lost
the synthetic activity after 24 h and only uridine hydrolysis was
observed. These results are in agreement with the expected sta-
bility of enzymes inside the cell [16].

In order to increase stability the biocatalyst was treated with
glutaraldehyde (GA), after immobilization. This reagent is suit-
able for bonding free amine groups from both cell membranes
and polymer arms and in some reported cases [21,22] this behav-

® Ve
? b .

Fig. 1. Transmission electronic microscopy of different sections of the biocatalyst: (a) 19,300x and (b) 69,000x.
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Fig. 3. Storage stability of E. coli BL21 immobilized on modified polyethylene
at different temperatures: (l) 4°C, (¢) 37°C, and (@) 60 °C.

ior improves stability in detriment of activity. In the present work
with the addition of GA, the activity dropped considerably and
no stability increase was observed. In addition, longer reaction
time was necessary (Fig. 2). Free cells treated with GA showed
a similar decrease in yields as well (data not shown).

3.3. Biocatalyst reuse

One of the advantages that was observed with the use of
immobilized E. coli on agar, agarose and polyacrylamide by
entrapment technologies [23] was the increase in productiv-
ity. These immobilized biocatalysts could be used subsequently
more cycles than free cells (29 times for E. coli immobilized on
agarose against 18 times for free cells).

These results were overtaken by using the grafted polymer
described here in. This biocatalyst could be reused for 39 times
(Fig. 4) maintaining more than 50% of its initial activity. There-
fore, the productivity of the immobilized biocatalyst was 180 g
adenosine/g cells, while that of free cells was 73 g.

3.4. Support reuse

The main advantage of adsorption immobilization respect to
other techniques is the possibility of recycling the support after
lost of biocatalyst activity [24].

To carry out the support reuse, the biocatalyst was sterilized
and subsequently shaken with 0.5 NaOH to release the organic
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Fig. 4. Biocatalyst reuse: (@)immobilized cells, and (#) free cells.

material from the polymeric surface. The support was washed
with buffer phosphate and reused applying the same immobiliza-
tion procedure described previously. The biocatalyst obtained
in this way afforded a maximum yield of 60% after 24 h reac-
tion. This result is in line with the conclusions derived from the
electron microscopy pictures, which suggest that cells are not
only adsorbed on the support but also embodied in the hydrogel
formed by the grafted poly-GMA—-EDA branches.

4. Conclusions

The results obtained in this work indicate that the here
proposed immobilization procedure can be achieved follow-
ing a simple protocol and that the resulting biocatalyst shows
challenging characteristics regarding productivity, stability and
environmental concerns. Additionally, in view to industrial
applications, the use of microorganisms immobilized on grafted
polymers offer other advantages such as easy handling and
increased adaptability to reactor requirements since the support
is available in diverse shapes.

The application of this methodology to the generation of
novel biocatalysts suitable for nucleoside synthesis is of inter-
est due to the important therapeutic applications that these
molecules offer.

Acknowledgements

This work was supported by Universidad Nacional de
Quilmes, SantanderRio-Universia and Secretaria de Ciencia y
Técnica de la Nacion, Argentina.

References

[1] R. Garg, S. Gupta, H. Gao, M. Babu, A. Debnath, C. Hansch, Chem. Rev.
99 (1999) 3525-3601.
[2] P. Wutzler, R. Thust, Antiviral Res. 49 (2001) 55-74.
[3] M. Ferrero, V. Gotor, Chem. Rev. 100 (2000) 4319-4347.
[4] E. Lewkowicz, A. Iribarren, Curr. Org. Chem. 10 (2006) 1197-1215.
[5] A.K. Prasad, S. Trikha, V.S. Parmar, Bioorg. Chem. 27 (1999) 135-154.
[6] T. Utagawa, J. Mol. Catal. B: Enzym. 6 (1999) 215-222.
[7] J.A. Trelles, E.S. Lewkowicz, J.V. Sinisterra, A.M. Iribarren, Int. J. Biotech-
nol. 6 (2004) 376-384.
[8] J.A. Trelles, L. Bentancor, A. Schoijet, S. Porro, E.S. Lewkowicz, J.V.
Sinisterra, A.M. Iribarren, Chem. Biodivers. 1 (2004) 280-288.
[9] M. Bucko, A. Vikartovska, I. Lacik, G. Kollarikova, P. Gemeiner, V. Pato-
prsty, M. Brygin, Enzyme Microb. Technol. 36 (2005) 118-126.
[10] G.A. Iaskovich, E.P. Iakovleva, Prikl. Biokhim. Mikrobiol. 35 (1999)
146-149.
[11] W.Y. Kuu, J.A. Polak, Biotechnol. Bioeng. 25 (1983) 1995-2006.
[12] N. Angelova, D. Hunkeler, Trends Biotechnol. 17 (1999) 409-421.
[13] T. Tashiro, J. Appl. Polym. Sci. 43 (1991) 1369-1385.
[14] W. Lee, K. Saito, S. Furusaki, T. Sugo, K. Makuuchi, Biotechnol. Prog. 12
(1996) 178-183.
[15] S. Sugiyama, S. Tsuneda, K. Saito, S. Furusaki, T. Sugo, K. Makuuchi,
React. Polym. 21 (1993) 187-191.
[16] E. Lewkowicz, N. Martinez, M.C. Rogert, S. Porro, A.M. Iribarren,
Biotechnol. Lett. 22 (2000) 1277-1280.
[17] M.C. Rogert, J.A. Trelles, S. Porro, E.S. Lewkowicz, A.M. Iribarren, Bio-
catal. Biotransform. 20 (2002) 347-351.
[18] M. Grasselli, M.L. Carbajal, F. Yoshii, T. Sugo, J. Appl. Polym. Sci. 87
(2003) 1646-1653.



J.A. Trelles et al. / Journal of Molecular Catalysis B: Enzymatic 52-53 (2008) 189-193 193

[19] M. Grasselli, A.A. Navarro del Canizo, A.A. Camperi, F.J. Wolman, E.E. [22] C. Mateo, J.M. Palomo, G. Fernandez-Lorente, J.M. Guisan, R. Fernandez-

Smolko, O. Cascone, Radiat. Phys. Chem. 55 (1999) 203-208. Lafuente, Enzyme Microb. Technol. 40 (2007) 1451-1463.
[20] W. Lee, K. Saito, S. Furusaki, T. Sugo, Biotechnol. Bioeng. 53 (1997) [23] L. Cao, Curr. Opin. Chem. Biol. 9 (2005) 217-226.

523-528. [24] B.S. Lee, S. Mahajan, K.D. Janda, Tetrahedron Lett. 46 (2005) 807—
[21] M.V.Flores, C.E. Voget, R.J.J. Ertola, J. Chem. Tech. Biotechnol. 64 (1995) 810.

353-360.



	Nucleoside synthesis using a novel macroporous grafted polyethylene as biocatalyst support
	Introduction
	Experimental
	Materials
	Support
	Cell growth and immobilization conditions
	Synthesis of adenosine (standard conditions)
	Biocatalyst reuse
	Support reuse
	Analysis of reaction products
	Electron microscopy

	Results and discussion
	Support characterization
	Storage stability
	Biocatalyst reuse
	Support reuse

	Conclusions
	Acknowledgements
	References


