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Abstract

This chapter reviews the laser ablation of delicate organic/biological substances by
matrix-assisted pulsed laser evaporation (MAPLE). It is shown that direct ablation in
this case is possible but sometimes not workable at all in adverse conditions. The con-
sidered solution is the protection by a prevalent dissolving/suspending component
that can allow for a “shielded” ablation by the frozen solvent followed by its gradual
evaporation by melting, evaporation and evacuation by pumping system. We extend the
study to the case of non-UV absorbing solvents, e.g., water, when the primary interac-
tion between laser and solute ignites evaporation process at a lower ablation threshold
due to reduced pressure inside irradiation chamber. We called this case as “generalized”
MAPLE interaction. Relevant examples are provided and critically analyzed in view of
potential applications for nanobiomedicine, biosensors, advanced implants and chemi-
cal technologies.

Keywords: laser interaction and ablation mechanisms of organic/biological compounds,
thin films deposition, nanobiomedicine, protected ablation, functional organic/biological
layers

1. Introduction

Laser ablation of “delicate,” organic and/or biological materials is reviewed. Particular atten-
tion was recently paid to this field stimulated by the progress of laser sources, the advance of
“smart targets” and new applications in key technological areas like chemistry environment,
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biology, and medicine at micro- and nanoscale. The ablation of organic/biological materi-
als was initiated and promoted under “protection” and investigated in various stages after
generation, during propagation in vacuum or different ambiances till the final deposition of
expulsed material on substrates of interest. Appropriate models were developed for describ-
ing the coupling of radiation with the organic/biological materials, bare or protected by a
matrix, while complementary techniques were used for obtaining exhaustive information
about the ablated substance in plasma plume, liquid, and final solid states. The progress was
possible on this basis of a new generation of composite thin films for applications in drug
delivery systems, biosensing, and advanced coatings for metallic implants.

The “protected” ablation and transfer of organic and biological substances can be obtained
by multipulse laser irradiation. In this case, the “delicate” solute substance is dissolved
in more solvents while the obtained mixture is frozen. The resulting “icy” target is then
submitted to the laser ablation. The solute is ablated and transferred under the protection
of a frozen solvent layer. During transfer, the icy layer is gradually melted, evaporated,
and evacuated by the vacuum system whereas the solute reaches the final destination with
the minimum or no perturbation or damage and is deposited in the form of a thin film.
The technique was invented in Naval Research Laboratory, Washington D.C. Refs. [1, 2]
describe it as matrix-assisted pulsed laser evaporation (MAPLE) and is extensively applied
since 2000 for the ablation and deposition of a large class of compounds with application
in many top field domains, like nanobiomedicine, photocatalysis, synthesis of hard lay-
ers, and so on [3]. The choice of an appropriate solvent plays a key role in MAPLE. It is
generally accepted now that the main requirements for these selections are: laser fluence
must have proper values, lower than in pulsed laser deposition(PLD); incident laser energy
must be the majority absorbed by solvent molecules and not by organic molecules of the
base material (0.5-10) wt%; frozen solvent must be characterized by a high absorption at
working laser wavelength; solvent has to be selected so that the organic material presents a
good solubility; solvent has to present a high freezing point; and solvent must not produce
chemical reaction under laser radiation exposure. For illustration, we give in Figure 1 a gen-
eral scheme of a MAPLE setup and the involved fundamental physical-chemical processes
in ablation of the frozen target.

The main difference between MAPLE and “classical” pulsed laser deposition (PLD) [4, 5]
consists of target preparation and the laser interaction (ablation) mechanisms. This makes
the ablation process in case of MAPLE substantially different to that in PLD. Fundamental
mechanism and processes in MAPLE ablation were studied in [6, 7]. The ablation of organic/
biological materials is followed by time-resolved plume imaging [8] in many cases with spa-
tial and/or temporal resolution. The expulsed substance was characterized by combined tech-
niques like time program desorption mass spectrometry and atomic spectroscopy [9, 10].

Nevertheless, the selection of the perfect solvent is not easy and sometimes impossible because
of the limits introduced by very toxic characters of various solvents, available quantities and
prices, and good mixing between a solvent and solute, as being the most important.

Therefore, we refer in Section 2 to a simple and cheap solution of using solvents by hand
when all the aforementioned criteria are properly applied.
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Figure 1. Schematic of MAPLE setup and interaction mechanism.

Selected information are introduced about ablation and deposition of polysaccharides (tri-
acetate-pullulan), enzyme (urease), proteins (fibro- and vitro-nectines), and biopolymers
(papain, lysozyme, poly(lactic-co-glycolic acid). All structures were studied by physical-
chemical methods and assessed biologically by in vitro and more recently in vivo studies.
Recent literature results are mentioned and evaluated critically.

2. “Generalized” MAPLE mechanism

Smausz et al. [11] synthesized urease thin films by MAPLE and PLD from frozen water solu-
tions of urease (1-10 wt%) and pure urease pellets. The KrF* excimer laser fluence was varied
between 300 and 2200 mJ/cm?. The FT-IR spectra of the PLD films at the same fluence range
evidenced no significant difference as compared to the MAPLE ones (Figure 2). This can be
considered an unexpected result, because the direct irradiation, and in particular higher flu-
ence, is predicted to severely affect the molecular structure of the biomaterial. Measurements
of absorption coefficient indicated that the idea of absorbing matrix does not work when using
water solvent, that is, the relatively high absorptivity of matrix is not a general requirement
for a successful MAPLE experiment. Accordingly, the laser energy is absorbed by the organic
molecules and the heat is transferred to the surrounding solvent, while the matrix protects the
delicate organic material from overheating and consequently thermal decomposition.

Different direct measurements or numerical simulations inferred absorption coefficients
below 1 m™ around 250 nm wavelength [12]. For the concrete case of a 1 wt% frozen ure-
ase solution [11], this is about two orders of magnitude lower, indicating that the photons
are generally absorbed by the urease molecules instead of the water solvent. It has to be
mentioned that pure ice could not be ablated in vacuum chamber at 1 J/cm? fluence. This is,
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Figure 2. FT-IR spectra of urease thin films deposited by 10% MAPLE and conventional PLD at different fluences
(reproduced with permission from [11]).

however, in contradiction with the principle of “classical” MAPLE based on an absorptive
matrix. In our opinion [11], the laser energy is absorbed by the organic molecules (and/or
molecule cluster) (Figure 3a and b), leading to an increase in their temperature, thus melt-
ing and heating the water in their close vicinity (Figure 3c). Because of the working pres-
sure in the reaction chamber, the molten 0°C water starts boiling, the upper ~micrometer
layer evaporates from the surface (Figure 3d) carrying away the urease molecules, while
the deeper layers refroze. Accordingly, the ablation of the delicate material can be achieved
at lower temperature (well below the denaturation threshold of 90°C) than in the case of
bulk material ablation. Similar ablation process was reported in [13] for aqueous solutions
of absorptive materials.
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Figure 3. Scheme of the ablation process of the frozen water solution of urease: the laser energy is absorbed by the urease
molecules (a) increasing their temperature (b). Part of the heat is transferred to the surrounding ice medium (c), the
upper layer evaporates and the deeper layers refreeze (d) (reproduced with permission from [11]).

Experiments using water as MAPLE matrix were performed at 355 nm [14]. In this case, the absorp-
tion of ice in UV-visible range is close to the local minimum. This confirms that successful MAPLE
deposition can be accomplished without the principal absorption of matrix material, e.g., water.

3. Relevant examples

3.1. Polysaccharides

Polysaccharides, described as complex molecules, are an interesting class of materials due to
their biological and chemical properties such as biodegradability, nontoxicity, biocompatibil-
ity, nonimmunogenicity, and increased chemical reactivity [15-17]. Moreover, most polysac-
charides are of natural origin (plants, animals, and microorganism), and depending on the
sources, they can vary with respect to the molecular weight and structure [18, 19]. The pres-
ence of glycosaminoglycans (part of the extracellular matrix) in the composition of natural
polysaccharides is an important feature, which proved to increase the wound healing process
by binding to proteins at hierarchical peculiarity [17, 20, 21]. Since the biological activity of
polysaccharides is dependent on their properties, the further advancement of polysaccharide-
based nanomedicine, which is a current direction of interest, proposes the development of
alternative methods to produce polysaccharides with reliable features [17, 19].

Tissue engineering and drug delivery are also two directions of permanent interest for the
medical field, and so a variety of polysaccharides have been used in order to bring new solu-
tions to the encountered issues [17]. In this respect, there were reported in the literature the ben-
efits of alginate [22-24], gellan [25, 26], dextran [27-29], hyaluronic acid [30], chitosan [31, 32],
and pullulan [29, 33-35] for specific applications [17].

3.1.1. Pullulan

Pullulan, with the molecular formula (CH,O,) , is a neutrally charged polysaccharide,
which is soluble in water and produced by yeast-like fungus Aureobasidium pullulans [16, 33].
Due to its unique structural features, excellent mechanical properties and biocompatibility,
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and to the high hydration capacity, the native pullulan and its derivatives possess various
biomedicinal and pharmaceutical applications [33, 36]. The application of pullulan in tissue
engineering involves the surface modification practices. Consequently, the surface proper-
ties of this biopolymer could be enhanced by replacing, on its hydroxyl groups, the desired
chemical moieties [33].

Furthermore, thin films of pullulan, which are biodegradable, biocompatible, and with good
mechanical properties, can be synthetized and used in various biomedical applications [33].
One processing method is MAPLE technique that allows for the deposition of high-quality
pullulan films, e.g., triacetate-pullulan, cinnamate-pullulan and tosylate-pullulan [35, 37, 38].
The laser processing of such organic materials in the form of thin films requires the pres-
ervation of pullulan molecular structure and functionality [10]. Cristescu et al. synthetized
MAPLE thin films of pullulan and its derivatives from a frozen target of 2 wt% biopolymer in
dimethyl sulfoxide, under the irradiation with a KrF* excimer laser source [35, 37].

Based on the biofunctionality of this biopolymer, Bulman et al. proved that the addition of
pullulan enhanced mesenchymal stem cells (MSCs) retention at a diseased cartilage sur-
face, increasing MSC therapeutic efficiency and acting as a cellular adhesive [39]. In 2016,
Atila et al. reported for the first time the production of pullulan and cellulose acetate scaf-
folds (in various combinations) by wet electrospinning technique, in order to fulfill the
requirements of an engineered-tissue construct [40]. As for the use of pullulan in drug
delivery systems, a relatively new study revealed the synthesis and efficiency of a system
based on pullulan and poly(B-amino)ester for gene co-delivery (hepatoma-targeted) and
chemotherapy agent [41].

These are only a small part of pullulan applications that demonstrate its significance for the
present and future research directions, offering a wide field of activity due to its versatile
composition.

3.2. Proteins

Proteins are macromolecules distinguished from polysaccharides by their content of approxi-
mately 20 amino acid monomers and can be found in all biological systems, from inferior pro-
karyotes to complex eukaryotes [42—44]. According to the chemical properties, amino acids
are classified as non-polar aliphatic (hydrophobic), non-polar aromatic (hydrophobic, except
tyrosine), polar uncharged (hydrophilic), polar negatively charged at pH 7, polar positively
charged at pH 7, and sulfur-containing (maintain the structure of the protein) groups [45].
The attachment of each amino acid to the central carbon by a different side group leads to the
unique character of proteins [43].

Furthermore, proteins comprise a significant number of reactive groups that ensure flexibility
by their chemical modification [42]. This statement is strengthened by the fact that proteins
have multiple sites for chemical interaction, which can allow for the improvement and tai-
loring of their properties [46]. Proteins are known to occur essentially in aqueous or mem-
brane environments, are insoluble in non-polar solvents, and cover a wide range of polymeric
compounds [43, 44]. Thus, van der Waals, hydrogen bonding, electrostatic, hydrophobic, and
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disulfide cross-link interactions between the amino acid units are connections responsible for
the structural modifications of proteins along the polymeric chain [43].

The specific requirements of various applications can be fulfilled due to the possible adjust-
ment of the properties of proteins [42]. One of the most discussed and studied biomedical
applications of proteins are diagnostic imaging [47—49], therapeutic delivery [47, 50, 51], and
tissue engineering [52-54].

The progress on the processing of different protein materials (e.g., silk, gelatin, collagen,
casein, keratin, etc.) into coatings with applicability in tissue engineering, cell adhesion,
implants proved to be a key factor for the improvement of the medical field [43, 55, 56]. The
presence of the different side groups attached to the central carbon in the protein structure
is an advantage for film fabrication or even for its improvement (stability) because proteins
can be submitted to chemical and/or mechanical modifications [42, 46]. Furthermore, protein-
based films or coatings are known to be biodegradable, being thus a source of nitrogen (pro-
teins contain about 16% nitrogen by mass) which contributes as fertilizers [44, 46].

As a component, proteins of the extracellular matrix (ECM), which is present within all tis-
sues and organs, fibronectin (FN), vitronectin (VN), and collagen I (Col1) proved their impor-
tant roles in wound-healing processes [57].

Our own interest was focused on the study of FN and VN in which in vitro have been shown
to increase the attachment of specific cells for a designed substrate [58].

3.2.1. Fibronectin

Fibronectin is one of the most important and intensively studied ECM proteins, exists as a
dimer, induces mineralization, and is a soluble circulating protein in body fluids (like plasma)
[59-61]. At physiological pH (7.4), FN proved to be negatively charged due to its acidic iso-
electric point (pI = 5.5-6.0) [59]. From the biological point of view, FN plays a key role in the
adhesion, spreading, migration, differentiation, and proliferation of various cells and support
the accumulation of multiple growth factors (GF) [59, 60]. In addition, FN can enhance the GF
growth-promoting function [60]. Due to its stimulus in cell attachment and migration pro-
cesses, FN, also known as a multifunctional extracellular glycoprotein, is extensively studied
and used as a coating in tissue engineering [62].

In 2013, the fabrication of functional FN patterns onto Ti substrates by using the laser direct
write (LDW) technique was described by Grigorescu et al. [63]. In this study, the authors
validated the suitability of LDW technique for FN molecules’ transfer, preserving the compo-
sitional protein features and functionality [63]. The integrity preservation of the transferred
FN was evaluated by ATR-FTIR measurements, and one could observe no structural modifi-
cations between FN dropcast and the LDW ribbon (Figure 4). The characteristic amide I and
IT bands are clearly visible and correspond well to the similar bands of the positive control
consisting of a FN solution dropcasted onto a Si substrate (Figure 4—curve 5). The spectrum
presented in Figure 4 —curve 2 corresponds to a negative control of a heat-denatured protein
sample. One can clearly notice that the two proteic bands are no longer visible in this case.
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Figure 4. Representative ATR-FTIR spectra of Si acceptor (1), a negative control of heat-denatured proteins (2), proteins
transferred at 0.4 J/cm™ (3), proteins transferred at 0.2 J/cm™ (4), and a positive control consisting of dropcasted
proteins (5).

This implies that proteins exposed at a temperature of 100°C for 1 min lose their secondary
structure. However, any heat damage susceptible to occur is strictly localized and does not
influence the secondary structure of the proteins in a detectable manner, which is majoritarily
preserved after the transfer.

In addition, Western blot assays were conducted onto a control-purified FN solution and
that of protein desorbed from the LDW acceptor. One can observe similar molecular weights
between the tested solutions (Figure 5) [63].

In vitro tests performed with MC3T3-E1 preosteoblast cells validated the transfer of secondary
structure and functionality. Particular attention was paid to the presence and availability of
the cell binding domain within the FN molecules, as evidenced by immunostaining with spe-
cific monoclonal antibodies followed by microscopic observations. MC3T3 osteoblasts prefer-
entially attached onto the FN features (Figure 6a and b). The spreading of cells close to the FN
features was slightly enhanced in comparison with cells onto the bare substrate. The cellular
morphology was generally influenced by the presence of the FN spots. Thus, the cells situated
in the close vicinity of FN exhibited an asymmetric aspect with elongated cytoplasmic exten-
sions, whose tip-adhesion site ended in most cases on a FN region. Cells situated completely
onto the FN features present a stronger polarity, with longer filopodia, which suggest an
improved fixation on the substrate. A characteristic representation of such cellular behavior
is depicted in Figure 6e and f, wherefrom one can observe the actin filaments (Figure 6f) ori-
ented along the FN formations (Figure 6e). In all cases, cell nuclei did not exhibit significant
morphological modifications such as fragmentations or condensation, which could suggest
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Figure 5. Western blot profiles obtained for the control-purified FN solution (a) and that of protein desorbed from the
LDW acceptor (b) compared with the BioradAllBlue calibration molecular weight reference proteins (c) (reproduced
with permission from [63]).

cellular apoptosis. The in vitro tests revealed the full functionality of the transferred protein
features in both deposition regimes, 0.2 or 0.4 J/cm® However, it was observed that slight
differences concerning the local uniformity, as well as the aspect repeatability of the protein
features, do exist. For obtaining uniform, highly repetitive features, lower fluences are defi-
nitely desirable.

The biological response of the transferred FN was also assessed by fluorescence micro-
scopic measurements after the seeding of Swiss 3 T3 fibroblasts cells onto the tested sam-
ples [63]. The shape of the imprinted FN features strongly influenced the morphology of
the adherent Swiss 3 T3 fibroblasts cells. A weaker attachment and a round shape of the
attached cells onto the Ti control was observed, whereas for the transferred FN patterns,
they were clearly spread, actin filaments being organized according to the FN spots aspect
[63]. These results are in good agreement with those obtained in case of preosteoblast
MC3T3 cells.

The biochemical characterization of the FN structures open new perspectives on the fabrica-
tion of complex biomaterials including proteins (with high molecular weight) for use in bio-
medical applications (e.g., drug delivery, regenerative tissue engineering) [63].
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Figure 6. Characteristic microscopic aspect of MC3T3 cells in the neighboring region to laser transferred fibronectin
features. (a) Osteoblasts attached to the FN features obtained at 0.2 J/em?. (b) Osteoblasts attached to the FN features
transferred at 0.4 J/cm?. (c) Details of cytoskeleton actin fibers oriented along the FN subfeatures obtained at 0.4 J/cm?. (d)
Specific modified cell morphology in the close vicinity of FN (0.4 ]/cm?), where a certain bending of the protein subfeature
can be deduced as a result of the cellular activity. (e and f) Detailed image of a cytoplasmic extension (filopodia) placed
along a FN subfeature. Confocal scanning microscopy was conducted using TRITC-coupled phalloidin for the F-actin,
DAPI for the DNA, and FITC-coupled antibodies for the FN.

MAPLE technique was also applied in the synthesis of fibronectin coatings. A recent report
of Sima et al. describe the fabrication, in two steps, of a new hybrid biomimetic thin struc-
ture (inorganic-organic bilayer) using two different laser techniques (PLD for hydroxyapatite
(HA) and MAPLE for EN deposition, respectively) [54]. The authors quantified by temper-
ature-programmed desorption mass spectrometry the deposited FN over the HA layer and
verified its biological efficiency by multiple cellular studies [54].

In a recent study published in 2015, Agarwal et al. reported the enhanced implant-bone inte-
gration in healthy and osteoporotic rats by applying FN coatings obtained by immersion of
clinical grade stainless steel implants in purified solutions of FN for 30 min [64]. Following
the same direction on integration of biomedical implants with tissue, other research groups
attained the idea of producing an interface able to mimic the ECM and improve cell behavior
[59]. Gand et al. proposed the synthesis of a layer-by-layer film by direct incorporation of
FN (as anionic polymer) into poly(L-lysine) (PLL) (positively charged) in order to obtain an
FN-enriched structure, capable to mimic the ECM [59].
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From reported data, one can notice the fast development on FN processing, thus the principal
objective being the chemical preservation and the improvement of the biological response.

3.2.2. Vitronectin

A similar and important constituent of the interstitial ECM, vitronectin, is readily adsorbed at
the interface of biomaterials and is known for its adhesive functions during development and
angiogenesis [65, 66]. VN is the main glycoprotein adsorbed from the serum onto synthetic
polymers and was identified as an essential adhesion and spreading mediator in many cells
[65]. Given its multifunctional physiological activity, vitronectin is also described as S protein,
epibolin, or “serum spreading factor” [65-67].

In order to prevent fibrosis and to support migration of adjacent cells, VN have the capability
to trigger the enzymatic degradation of provisional ECM, influencing thus the fate of implants.
In addition, it encompasses an approach for improving the endothelization of implants [66].
As reported [68], VN and FN are vital for the in vitro adhesion of osteoblast cells.

In 2009, Whitlow et al. reported the cover of a platinum aneurysm coil with gold (Au) or VN
by using an electrostatic self-assembly process trying to evaluate the degree of neointimal
change associated with the applied ultrathin layer [69]. The neointimal response revealed
the improved reaction in case of Au and VN coil groups as compared with the uncoated
platinum group [69].

Later, in 2011, Sima et al. reported the transfer and immobilization of VN by MAPLE tech-
nique on a collector coated with an HA layer (by PLD). In this study, the biological response
was evaluated by using human osteoprogenitor (HOP) cells, and the obtained results revealed
the improved adherence, spreading, and growth in respect with HA coatings [70].

The vitronectin multifunctionality makes it an attractive biopolymer for the tissue engineer-
ing when used as a surface coating and moreover, opens new directions for research.

3.3. Enzymes

Enzymes are proteins that consist of one or more polypeptide chains and have an active site,
thus determining their specificity and flexibility [71, 72]. Enzymes are also known as bio-
catalysts that accelerate a chemical reaction without interfering their equilibrium [71, 73].
Enzymes are recognized for their high catalytic activity and excellent selectivity for the tar-
geted substrate, being thus described as optimal biorecognition molecules [74]. As biosensor
components, enzymes are considered the shortest lived elements because they progressively
lose activity [74].

For a long time, enzymes have been used in microbial processes, helping (by fermentation
process) in the preparation of cheeses, wines, and other milk products [71]. In course of time,
the interest of some researchers leads to the use of enzyme in the medical field, in the diagno-
sis, and in the treatment of various diseases [75]. In this respect, they try to study, understand,
and obtain the basic information on toxicology, immunological reactions, and chemical stabil-
ity of the organism in vivo [76].
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Various deposition techniques could be applied in order to immobilize different enzymes onto
a solid holder. This task is not an easy one due to the fact that one can deal with the transfer
of complex molecules [77]. A possible approach for enzyme immobilization could be MAPLE
technique recognized for its capability to transfer soft materials, avoiding the changes of the
chemical and biological properties.

3.3.1. Papain

Papain, a proteolytic enzyme, found naturally in papaya is of key importance in various vital
biological processes [78]. Due to its proteolytic and elastolytic properties, papain exhibits anti-
bacterial, antifungal, and anti-inflammatory activities [79].

The use of papain as a coating for surface improvement in different medical devices is still
at the beginning. In 2013, Motoc et al. [80] reported the deposition of a simple HA (Ti/HA
or papain Ti/papain) and a bilayer (consisting of HA and papain synthetized by PLD and
MAPLE, respectively: Ti/HA/papain). The authors tried to functionalize the titanium surface
in two steps, enhancing the bioactivity (HA layer) and activating the localized drug with
antimicrobial and anti-inflammatory effects (papain layer) [80]. In order to evaluate the stoi-
chiometric transfer of papain, the used powders and the obtained coatings were analyzed by
FTIR. The spectra revealed the presence of the proteins characteristic bands (Figure 7) [80].

Moreover, the osteoblasts-like SaOs2 human cells were used in order to evaluate the bio-
logical performances of papain coatings, by adhesion (immunofluorescence microscopy:
Figure 8) and proliferation tests (MTS assay: data not shown here) [80].

Taking into account the positive results, one can consider the papain-based coatings as poten-
tial implant material with good antimicrobial properties and improved integration.

3.3.2. Lysozyme

Lysozyme, a small and stable lytic enzyme, is found in nature, being present not only in
almost all secretions, body fluids (tears, saliva, and sweat), and tissues (nasal cavity) of the liv-
ing organisms, but also in some plants, bacteria, or egg white [81, 82]. It has a specific hydro-
lytic activity against the cell walls of liable bacteria [81, 83]. Thus, lysozyme increases the
permeability of Gram-positive bacteria and causes the burst of cells [82, 84]. Oppositely, the
antimicrobial efficiency of lysozyme against the Gram-negative bacteria is limited and even
lacks toward eukaryotic cell walls [82]. Additionally, there are studies that reveal the potential
of lysozyme to inhibit tumor formation and growth (anticancer agent) [85, 86].

Due to its multifunctionality and recognized antimicrobial efficiency, lysozyme is used, more
and more, in the biomedical field. A special attention was paid to the development of medical
devices by surface functionalization with lysozyme or composites based on it, which can also
act as drug delivery systems.

In this respect, Visan et al. reported the deposition of composite coatings based on lysozyme
embedded in a mixture of polyethylene glycol (PEG) and polycaprolactone (PCL) by both
MAPLE and dip-coating techniques. The authors demonstrated the antimicrobial efficiency
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Figure 7. FTIR micrographs of the papain dropcast (a) and of the thin films obtained by MAPLE (b) for 5 wt% papain in
distilled water and a laser fluence of 0.75 J/ecm? (reproduced with permission from [79]).

of PCL:PEG-lysozyme composite coatings, which was in good agreement with the viability
results with osteoblasts and MSC cells [87].

The incorporation of lysozyme into polymeric matrices was also studied by Grumezescu et al.
This time, poly(3-hydroxybutyric acid-co-3-hydroxyvaleric acid) (P(3HB-3 HV)) and PEG bio-
polymers were used as core shells for lysozyme, and the composite material was deposited by
MAPLE in the form of thin films. Both P(3HB-3 HV)/PEG/Lys and P(3HB-3 HV)/Lys coatings
proved a significant antimicrobial activity and an improved biocompatibility [88].

Such complex coatings based on lysozyme are promising for the nanobiomedical field due to
their potential use as bone implants.

3.3.3. Urease

Urease, a non-redox metalloenzyme, known also as nickel-dependent enzyme, induces the
hydrolysis of urea into ammonium and carbon dioxide [89-91]. Urease can also provide a
defense mechanism against pathogens by controlling the nitrogen content in the biological
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Figure 8. Fluorescence microscopic images of human SaOs2 cells grown on bare Ti, Ti/HA, and Ti/papain for 5 wt%
papain in distilled water and a laser fluence of 0.75 J/ecm? (reproduced with permission from [79]).

environments [92]. In addition, urease can be isolated from a selection of organisms, comprising
bacteria, fungi, and plants [91]. Urease is a key enzyme used to determine the amount of urea
in biological solutions (blood), where urea being toxic above certain concentrations [93, 94]. The
removal of urea from waste water, food, and fruit juices is also relevant for domains such as
environmental analyses and the food industry [94]. The presence of urea can be determined by
electrochemical or optical methods, on the basis of the formed ammonia [90].

The use of urease in applications such as clinical diagnosis, environmental analysis and detec-
tion of food adulteration requires the maintenance of the enzyme stability, functionality and
activity as close as possible to its natural state [95].

The use of urease in biosensing applications was and still is an area of interest for a relatively
large number of scientists. In 2010, Gyorgy et al. reported the immobilization of urease (from
"icy” targets with different urease concentrations) in the form of thin films by using MAPLE
technique. The authors proved the stoichiometric transfer of urease, and further, the enzy-
matic activity was preserved. The kinetic and enzymatic activity of the immobilized urease
was evaluated by using the Worthington assay method (Figure 9) [90]. This study proved that
the thin film of urease could be active in urea disintegration if it is obtained under optimum
deposition conditions [90].

Furthermore, the key factor in the achievement of a high-sensitive biosensing unit could be
considered the optimum combination between biomolecules and nanomaterials [96]. In this
respect, Siqueira et al. [96] studied the electrochemical properties of urea-based electrolyte-
insulator-semiconductor (EIS) sensor for urea detection. The authors described the synthesis
of LbL films for urease immobilization on capacitive EIS chips by using polyamidoamine
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Figure 9. The kinetic assay of urease thin film for (a) 1, (b) 3.5, and (c) 10 wt% concentrations in the frozen composite
targets deposited at 0.4 J/cm? laser fluence (reproduced with permission from [89]).

(PAMAM)/carbon nanotubes (CNT) as stabilizing matrices. The achievement of PAMAM/
CNT LbL films for urease immobilization opens new directions of research in the field of
biosensors, with the possibility of extension to other enzymes [96].

4. Conclusions

Direct laser ablation of organic/biological materials was considered for a long time inac-
cessible because of risks of decomposition and irreversible damages. The recent progress
of “soft” ablation laser techniques makes possible the safe expulsion and transfer of mate-
rials, from target to substrate for synthesis of structures of various bio-, nano-, and more
recently meta-materials. This opened the access toward pulsed laser technologies utiliza-
tion for the ablation of “delicate” simple and composite materials. Systematic complemen-
tary investigations demonstrated that, under proper irradiation conditions and “special
protection” as ensured by cryogenic utilization, the preservation is possible for basic mate-
rial composition, structure, morphology, and more likely functionality. Simultaneous or
subsequent ablation of organic/biological materials was reached for new top applications
in technology and in particular in nanobiomedicine. The chapter is based on recent origi-
nal results of the authors and a selection of the relevant existing new data from specialized
literature.
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