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Biomolecular papain thin films growth by laser techniques
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Abstract Papain thin films were synthesised by matrix
assisted and conventional pulsed laser deposition (PLD)
techniques. The targets submitted to laser radiation con-
sisted on a frozen composite obtained by dissolving the
biomaterials in distilled water. For the deposition of the
thin films by conventional PLD pressed biomaterial powder
targets were submitted to laser irradiation. An UV KrF*
excimer laser source was used in the experiments at 0.5 J/
cm? incident fluence value, diminished one order of mag-
nitude as compared to irradiation of inorganic materials.
The surface morphology of the obtained thin films was
studied by atomic force profilometry and atomic force
microscopy. The investigations showed that the growth
mode and surface quality of the deposited biomaterial thin
films is strongly influenced by the target preparation
procedure.

Introduction

Thin films of active biomaterials have a wide range of
applications which include pharmaceutical industry [1],
proteomics [2, 3], biocompatible coatings [4, 5], or min-
iaturized biosensors and biochips [6—8]. Techniques as
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Langmuir-Blodgett dip coating using self-assembled
monolayers [9], photolithography [10], or covalent bind-
ing [11] are used currently for biomaterial immobilisation
and pattern formation. However, usually these conven-
tional techniques are multi-step procedures of high cost,
and in most cases require the presence of toxic chemical
substances as well as specific pretreated substrate
materials.

Laser radiation is not considered as being useful for
processing of structures consisting of biological systems.
Due to the high intensity of the pulses, lasers are
destructive for active biomaterials. Nevertheless, laser
deposition techniques were already tested besides inor-
ganics for organic polymer materials, like polyethylene
glycol [12], polyalkylthiophene [13], poly[2-methoxy-5-
(2’-ethylhexyloxy)-1,4-phenylene vinylene] [14], various
carbohydrates as sucrose, glucose or dextran [15] and
also, several biomaterials, as horseradish peroxidase and
insulin [16], bovine serum albumine and polyphenol
oxidase [17].

One of the major advantages of the laser deposition
techniques is that the stoichiometry of the complex mul-
ticomponent target molecules can be ensured during their
transfer towards the substrate surface [18-20]. Moreover,
the amount of material evaporated and deposited on the
substrate surface can be easily controlled by the number
and/or intensity of the laser pulses used for the irradiation
of the targets. In addition, practically any kind of substrate
materials can be used, without any pre-treatment
procedure.

The purpose of our work is to elucidate how the
target preparation procedures, i.e. biomaterial concen-
tration in the frozen composite, or conventional powder
pressing influence the thin films growth mode and
surface morphology, and to identify the optimum
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conditions which lead to the deposition of uniform and
continuous thin films. We focused our attention on pa-
pain, a protein-cleaving enzyme derived from papaya
plant. The functions of papain are well known, being
employed to treat ulcers, reduces fever after surgery, is
active against gram-positive and gram-negative bacteria,
and has beneficial effects in systemic enzyme therapy in
oncology [21].

Experimental

The thin film depositions were performed inside a stainless
steel irradiation chamber. A pulsed UV KrF* (4 = 248 nm,
TrwaM=20 ns) excimer laser source was used for the tar-
gets’ irradiation. The composite targets were prepared by
dissolving papain in distilled water. The obtained solutions
of 1 or 2 wt.% of papain were frozen in liquid nitrogen. For
the growth of the reference thin films by conventional PLD
the targets were prepared from powders of papain by
pressing at 3 MPa.

The laser beam was focused onto the target surface with
a 30 cm FD MgF, lens placed outside the irradiation
chamber. To avoid significant changes in the surface
morphology of the targets they were rotated during the
multipulse laser irradiation with a frequency of 3 Hz. The
angle between the laser beam and the target surface was
chosen of 45°. For the deposition of each film we applied
10* subsequent laser pulses, succeeding each other with a
repetition rate of 2 Hz. The laser fluence on the target
surface was about 0.5 J/cm?.

The irradiation chamber was evacuated down to a
residual pressure of 107 Pa. The residual gases were
monitored with an Amatek MA 100 quadrupole mass
spectrometer. All deposition experiments were performed
in vacuum.

Fig. 1 AFM images of the thin
films obtained by the irradiation
of the (a) 1 and (b) 2 wt.%
concentration frozen composite
targets
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The n type (111) Si substrates were placed parallel to the
target at a separation distance of 3 cm. Prior to introduction
inside the deposition enclosure the substrates were care-
fully cleaned in ultrasonic bath in acetone. During the
irradiation the substrates were kept at room temperature,
while the frozen targets were cooled, circulating liquid
nitrogen inside the rotating target holder.

The surface morphology and growth mode of the
deposited papain thin films were investigated by atomic
force microscopy in acoustic (dynamic) configuration
with a PicoSPM Molecular Imaging apparatus. From the
obtained data the porosity of the surface and the volume
of deposited material were evaluated with the aid of the
MountainsMap computer simulation program from
Digital Surf. The thickness of the thin films was mea-
sured by a KLA Tencor Nanopics 2100 atomic force
profilometer.

Results and discussion

Figure 1 shows the AFM images of thin films obtained in
the same experimental conditions, but from targets con-
taining different papain concentration. At the lower, 1 wt.
% papain concentration (Fig. 1a) the deposited material
forms clusters, with diameters from a few tens to a few
hundreds of nanometers. As can be observed in the image,
the small, tens of nanometer diameter clusters are separated
or constitute groups of islands rather than a continuous
layer. In case of the target containing higher, 2 wt. % pa-
pain (Fig. 1b), the deposition has similar surface mor-
phology, characterized by cluster formation. Nevertheless,
the clusters density is much higher, covering the substrate
surface, in form of a continuous thin film.

In Fig. 2a,b we present in detail the surface of this
deposition. The clusters’ diameters have a quite narrow
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Fig. 2 AFM images of the thin
films obtained by the irradiation
of the (a, b) 2 wt.%

concentration frozen composite
and (¢, d) pressed power targets

range of distribution, with an average value around
200 nm. Nevertheless, from the higher magnification im-
age (Fig. 2b) one can observe that the clusters are con-
glomerates formed by smaller, tens of nanometers diameter
nanoparticles. As a next step, we compared the surface
morphology of the depositions obtained from the frozen
composite targets with that obtained by the irradiation of a
pressed powder target of papain (Fig. 2c,d). This last
deposition is composed by much larger grains, with
diameters in the micrometer range. Moreover, as can be
observed in the higher magnification image, the grains are
covered by dense, closely packed nanoparticles with very
similar shapes and dimensions, in the range of tens of na-
nometers.

The surface profiles of the depositions obtained from the
three different targets are presented in Fig. 3. The profile of
the deposition obtained from the 1 wt.% target is rather
smooth, reproducing the shape of the isolated nanoparticles
(curve a). Conversely, in curve b corresponding to the
deposition from the 2 wt.% target the irregular shape of the
surface profile proves the formation of larger clusters
constituted by nanoparticles. The profile of the deposition
obtained from the pressed powder target (curve c) is
completely different, shows a large surface roughness, due
to the large grains, with dimensions in the micrometer
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Fig. 3 Surface profiles of thin films obtained by the irradiation of the
(a) 1 and (b) 2 wt.% concentration frozen composite, as well as (c)
pressed power targets

range (curve c). The same trend can be observed in the
histograms of local heights of the depositions (Fig. 4).
Moreover, the increase of the histograms area indicates the
increase of the particles density on the substrate surfaces.

The minimum root-mean square (r.m.s.) surface rough-
ness of the deposited materials was calculated from the
AFM data. The surface roughness increases from about
30 nm for the deposition obtained from the 1 wt.% to about
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Fig. 4 Histograms of local heights counted on 10 x 10 um2 surface
areas of thin films obtained by the irradiation of the (a) 1 and (b)
2 wt.% concentration frozen composite, as well as (c) pressed power
targets

70 nm for the deposition obtained from the 2 wt.% com-
posite. We recall that tens of nanometers roughness values
when using frozen composite targets are characteristic for
organic material deposition [22]. Similar, or even higher
roughness values were reported also for biomaterial, insu-
line and horseradish peroxidase, thin films [16]. As com-
pared to the depositions from composite targets, the
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roughness of the film obtained from the pressed powder
target is very large, about 250 nm.

In Fig. 5 we represented the accumulated surface
porosity (A) as well as volume (B) of the depositions ob-
tained from the 1 (curves a) and 2 wt.% (curves b), as well
as pressed powder (curves c) targets as a function of
heights measured from the substrate surface. Thus, the last
values at the maximum heights correspond in each case to
the total porosity percentage as well as total deposited
volume. In case of the 1 wt.% target it can be seen the
absence of a continuous thin film on the substrate. Con-
versely, at 2 wt.% concentration there exists a compact thin
film with a thickness value of about 180 nm, followed by a
layer until the maximum height of about 600 nm, denser as
compared to the deposition obtained from the 1 wt.% tar-
get. The porosity value of the films obtained from the
pressed powder target at the maximum height (about
1300 nm) is similar to that corresponding to the deposition
obtained from the 2 wt. % target.

The thickness value measured by atomic force profil-
ometry for the film deposited from the 1 wt.% target is
similar with the average local heights evaluated from the
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Fig. 5 (A) Surface porosity and (B) volume measured on
10 x 10 umz surface areas of thin films obtained by the irradiation
of the (a) 1 and (b) 2 wt. % concentration frozen composite, as well as
(c) pressed power targets
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Table 1 Thin films thickness, z, r.m.s. surface roughness, clusters
mean diameter, d, average local height, h, surface porosity [%], and
total deposited volume, V, on 10 x 10 umz substrate surface areas as
a function of the target preparation conditions

Target z r.m.s. d h Porosity V
[nm] [am]  [nm]  [nm] (%] [um’]

1 wt.% 90 30 100 90 80 0.7

composite

2 wt.% 420 70 200 240 60 2.5

composite

Pressed 1000 250 800 700 60 6.5

powder

AFM image. In case of the films deposited from the 2 wt.%
and pressed powder targets the difference between the
thickness values and average local heights, confirms the
existence of a compact thin layer in the vicinity of the
substrate surface.

We present in Table 1 a summary concerning the
thickness, r.m.s. surface roughness, clusters mean diameter,
average local height, surface porosity, and total volume of
the deposited material on 10 x 10 um? substrate surface
area, as a function of the target preparation conditions. The
completely different surface features as regards amount of
deposited material, particles morphology and dimensions
could be attributed to the laser-material interaction and
ablation processes taking place in case of the frozen
composite as well as pressed powder targets. Indeed, the
large, micrometer sized particulates observed in case of the
thin film obtained from the pressed powder target could
originate directly from the irradiated target surface, while
the tens of nanometers dimensions nanoparticles could
form by clusterisation mechanisms taking place during the
transit of the ablated material from the target towards the
substrate, or on the substrate surface [18-20].

Conclusions

Papain thin films were grown by matrix assisted and con-
ventional pulsed laser deposition techniques. The effect of
the target characteristics, as biomaterial concentration in
the frozen composites, or conventional powder pressing, on
the deposited films growth mode and surface morphology
was investigated by atomic force profilometry and atomic
force microscopy. Our results indicate that there exist the
possibility to control by means of the target preparation
procedure the amount of the deposited material and its
surface morphology. We succeeded to identify the opti-
mum target preparation conditions, frozen composites from
2 wt.% papain solvent, which lead to the deposition of

uniform continuous thin films, with surface roughness of a
few tens of nanometers.
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