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ABSTRACT

Laser Induced Forward Transfer (LIFT) is a technique uses to print different
materials with high spatial resolution for microarray preparation. In this work, the
mechanism in which LIFT process effect E.coli bacteria used to produce microarray
droplets from a liquid solution thin film coated a glass slide previously coated with
gold of 65nm thick which was used as a laser absorbing layer. The transferred
bacteria was achieved at laser fluence of 10 J/cm®and 100 pm distance between
donor and receptor substrates.

The purpose of using such a technique was to assess the impact of laser on the
viability of the transferred bacteria. Scanning electron microscope observation
indicated that E.coli bacterial cells integrity was maintained during the process. The
bacteria was viable as tested using MacConkey agar culture media.

Keywords: Laser Induced Forward Transfer (LIFT), Nd: YAG Q-Switching (SHG),
Biosensor, Microarrays.
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INTRODUCTION
aser Induced Forward Transfer (LIFT) was first proposed by Bohandy et al. in
1986 [1] and has been investigated by many researchers due to its unique
process and the ability to fabricate microstructures. The technique was initially
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developed to transfer inorganic materials from precursor solid films [1-3]. Its
mechanism of operation was thought to consist of the complete vaporization of a
small portion of the film which further recondensate onto the receptor substrate in the
form of a solid dot. The possibility of transferring liquids with LIFT process has
allowed depositing biomolecules in solution, in this case the solvent acts as their
transport vector from the holder to the substrate. Since the transferred bimolecular
preserve their bioactivity during LIFT, the absence of vaporization was indicated, this
prevents the biomolecules from decomposition. Among the biological materials that
have been deposited with this technique without loss of bioactivity were proteins [4-
6], DNA [7-9], and cells [10-12]. The work focused on the capacity of the
technique for printing functional materials, basically consist in presenting the
LIFT deposited features of different functional materials and then analyzing
whether the properties suitable for a specific application were preserved or not.
In this way, ink or pastes of electrochemical materials have been
deposited for the fabrication of Ultra-capacitors [13], batteries [14-17],
chemical sensors [18] and electrodes for organic thin-film transistors [19-20] .
Different kinds of biomolecules have been deposited through LIFT, and
after submitting them to  hybridization or immunofluorescence
assays, the preservation of their activity has been demonstrated.
Actually quantitative analyses have revealed that the fraction of biomolecules
damaged by the action of the laser pulse is not high [9-21].

The aim of our work to prove the feasibility of this technique to transfer different
biological solutions without harm, such bacteria cells to prepare of microarrays of
droplets of solution through LIFT at laser pulse energy, which makes it useful in
many clinical applications, such as medical diagnostic[8], biosensor[10] and tissue
engineering [11] .

EXPERIMENTAL WORK

A pulsed Nd: YAG laser (Huafei Tongda Technology—DIAMOND-288 pattern
EPLS) 532 nm wavelength of 10 ns pulse duration and energy of (20-100) mJ was
used for absorption thin film deposition and LIFT process at fixed laser fluence of 10
Jlem?. The laser was directed onto the target surface at an incident angle of 90, with
the receiving substrate positioned below the target in different distances varied from
50 to 250um (using Aluminum sheet spacers between the donor and the receptor
substrates). Movement of the substrate was achieved via a translation stage with X
and Y travel dimensions. The target consists of an optically transparent glass slides
that has been coated with a gold thin film (thickness 65nm) which was deposited by
pulsed laser deposition technique system as absorption layers as shown in Figure (1a)
the choice of gold seemed appropriate since this element is biologically inert
and also presents a good adhesion with glass. A solution of Escherichia coli
bacteria was then spread on top of the absorption layer by means of spin coater,
obtaining a film thickness of around 15um (measured through the weight
measurement). Bacterial culture coating solution volume was controlled by
deposition via a micropipette. The E. coli cells were suspended in a solution of 80%
standard Nutrient Broth (NB; ‘Lab-Lemco’ powder) and 20% glycerol (v/v), the
presence of glycerol, reduced the evaporation rate of the solution. The receiving
substrates were microscope slides which were rinsed with sterile water and ethanol
than coated with poly-L-lysine Figure (1b). Under these conditions, microarrays was
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prepared by displacing the stages 100um between consecutive laser pulses, in such a
way that every single laser pulse resulted in the deposition of a single droplet. The
integrity of transferred bacteria was assessed with SEM imaging (TSCAN VAGA
SEM, Czech repoplic). The viability of the transferred bacteria was tested using
bacterial culture media (MacConkey Agar). This experiment was performed under the
same conditions as mentioned above, but in this case a larger laser beam spot size
were used, therefore the droplet diameters increase in this case and displacing the
stages larger than 250 um between consecutive laser pulses. The slide where the
microarray deposited then immersed in a Petri dish containing 20 mg/ml of
MacConkey agar culture media and incubated overnight at 37°C.
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Figure (1) Scheme of the sample (a) Donor thin film before and after irradiation
and Receiver substrate. (b) Laser induced forward transfer experimental setup.

RESULTS AND DISCUSSION

A highly ordered microarray of E.coli bacteria solution was generated on glass
substrate coated with poly-L-lysine Figure (2) it was prepared at fixed film to
substrate distance 100um and fixed laser fluence 10 J/cm? and a liquid film thickness
of about 15 pm. It is important to produce a uniform deposition having almost the
shape and dimensions of the laser focal spot as shown in Figure (2) which has a good
uniform deposited droplet of a shape close to the laser spot size and good amount of
deposited material. Scanning Electron-Microscope (SEM) images of one droplet of
the E.coli solution coated the gold thin film after transferred on the receiving
substrate at 10 J/cm? laser fluencies is shown in figure 3. It appears from these images
that E.coli cells separated and distributed through on the surface of the transferred
gold thin film. It can be clearly seen that this process was effective in printing transfer
of E.coli cells. One more observation of transferred E.coli cells was that the structural
integrity as array pattern, this indicate all bacteria that transferred on substrate
weren’t lose during transferred, otherwise cell integrity may random shape. The
bacterial cells were imbedded in the gold thin film, but this impediment did not affect
the cell integrity.
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Figure (2) Optical microscopy images prepared at fixed laser
Fluence (10 J/cm?), the upper row refers to the donor thin film
and the lower row refers to the receiver substrate
(Transferred solution).

In order to assess the viability of the transferred bacteria, other microarrays were
prepared. The bacterial deposition was carried out using a single laser shot per
transfer spot. In this case, cells were found to be viable in the transfer area as
indicated by colony formation within 24 h.
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Figure (3) to be continued
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Figure (3) to be continued
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Figure (3) SEM images of E.coli cells transferred by LIFT process
at fixed laser fluence 10 J/cm?.

CONCLUSIONS

For future production of biosensor systems, a large number of biomaterials will
need to be accurately placed onto small areas. LIFT is an excellent technique for this
type of work, as it is able to transfer very small volumes of material in a precise and
accurate manner. At 100um, well-defined and circular droplets with clean counter
were obtained. The pink spots of the deposited droplets indicate that the bioactivity of
the transfer droplets was kept during the LIFT process at laser fluences 10 J/cm?
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