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Spatial Control of Bacteria Using Screen Printing
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Abstract

Synthetic biology has led to advances in both our understanding and engineering of genetic circuits that affect
spatial and temporal behaviors in living cells. A growing array of native and synthetic circuits such as oscil-
lators, pattern generators, and cell-cell communication systems has been studied, which exhibit spatiotemporal
properties. To better understand the design principles of these genetic circuits, there is a need for versatile and
precise methods for patterning cell populations in various configurations. In this study, we develop a screen
printing methodology to pattern bacteria on agar, glass, and paper surfaces. Initially, we tested three bio-
compatible resuspension media with appropriate rheological properties for screen printing. Using microscopy,
we characterized the resolution and bleed of bacteria screen prints on agar and glass surfaces, obtaining
resolutions as low as 188 um. Next, we engineered bacterial strains producing visible chromoproteins analogous
to the cyan, magenta, and yellow subtractive color system for the creation of multicolored bacteria images.
Using this system, we printed distinct populations in overlapping or interlocking designs on both paper and agar
substrates. These proof-of-principle experiments demonstrated how the screen printing method could be used to
study microbial community interactions and pattern formation of biofilms at submillimeter length scales.
Overall, our approach allows for rapid and precise prototyping of patterned bacteria species that will be useful
in the understanding and engineering of spatiotemporal behaviors in microbial communities.
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Introduction

THE RAPIDLY DEVELOPING field of synthetic biology has
opened new channels for understanding and designing mi-
crobial behaviors. These behaviors, often controlled by core
genetic modules consisting of positive and negative feed-
backs, can be genetically modified to probe their natural
function or co-opted for novel biotechnological applications.
In the context of applications, genetic circuits have been re-
wired to dynamically sense chemical pollutants,'* cancer,*
pathogenic microbes,®’ and multiple chemical inputs using
logic gates.® A variety of genetic circuitry to spatially control
bacteria has been developed,”'* typically using quorum
sensing to allow for information exchange across a popula-
tion through a small diffusible molecule.

As applications of engineered genetic circuitry in bacteria
continue to develop, a natural question arises as to how these

systems will be utilized in the field. One promising direction
for the usage of genetic circuitry is in the context of paper-
based sensors, which are a low-cost, disposable, and portable
technology that can be used for a wide variety of purposes.'*~'
Although most paper-based sensors have used detection el-
ements consisting mainly of enzymes and antibodies, little
effort has been devoted to whole-cell biosensor approaches in
the context of paper-based sensors. To manufacture these, a
consistent method for printing bacteria or other cells onto
paper substrates would need to be developed. Such a method
would ideally allow for simple and consistent printing, rapid
prototyping, and scalability.

Over the last few decades, several technologies to control the
patterning of cells at various scales have been developed, in-
cluding bioprinting, microfabrication, and photopatterning.'®~'
Each of these techniques has unique advantages for the specific
biological question studied and can be parsed into indirect cell
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patterning by substrate control or direct cell patterning. Com-
mercial inkjet printers or repurposed home printers have suc-
cessfully printed both macromolecules that control cellular
growth and fate, and directl;r printed bacteria, neurons, and other
mammalian cell types.>> > Inkjet printing of cells can lead to
high precision (~20 pum resolution); however, clogging of print
heads can lead to inconsistencies in printing and high mainte-
nance. Microfabrication techniques are often able to pattern both
cells and substrates even more precisely, although large-scale
patterning can be challenging, and techniques often require
specialized equipment or facilities. Photopatterning approaches
have demonstrated control of substrates in 2D/3D and hence
growth and division, although mainly in the context of mam-
malian cells.

Screen printing is a type of stenciling technique that is
often utilized for its versatility, rapid prototyping, and ease
of manufacturing. Unlike stenciling, which requires ‘‘bridges’
connecting the floating parts of an image, screen printing
evolved as a solution for producing more complex images. The
technique uses a mesh to transfer ink onto a surface, except in
areas impermeable to ink by a blocking stencil. Ink is tradi-
tionally applied with a squeegee moved across the screen to fill
the open areas with ink. By repeating this process, multiple
layers of ink can be applied in succession, allowing for control
over layer thickness. In addition, several colors and types of ink
can be applied in distinct regions with multiple screens. Be-
cause of these features, screen printing has been widely used for
commercial printing with inks, conductive electrodes, and en-
zymatic biosensors, however, less attention has been devoted to
screen printing living cells.?*2®

To screen print effectively, the rheological characteristics of
ink are important to optimize. Screen printing inks have high
viscosity and show plastic or pseudoplastic properties (similar
to ketchup), allowing them to flow smoothly after being subject
to shear. Furthermore, they often display thixotropy, continuing
to decrease in viscosity in a time-dependent manner even at a
fixed shear rate, which is important for proper ink behavior.*® In
anormal screen printing process, ink molecules are mixed into a
medium with desired rheological properties, which is then used
to make prints. In our application, the bacteria will substitute
as the ““ink,”” and are adjusted to have similar properties to a
screen printing ink by use of a resuspension medium. An
additional consideration is the biocompatibility of the screen
printing medium to allow for microbial growth. In this study,
we will develop several aspects of screen printing bacteria
onto different surfaces (Fig. 1).
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Materials and Methods
Media

Solutions of 4% w/v carboxymethyl cellulose (CMC; CK
Products, USA), 1.2% w/v Xanthan gum (XG; Now Foods,
USA), or 49.7% w/v gum arabic (GA; CK Products) were cre-
ated by stirring and heating to 50°C in water until fully dissolved.
CMC was nearly optically clear, whereas GA and XG were
opaque. The screen-printed agar dishes composed 0.25 X Lennox
lysogeny broth (LB; Molecular Biologicals International, Inc.,
USA; 0.25% tryptone, 0.25% NaCl, 0.125% yeast extract) and
solidified with 1.5% agar, supplemented with necessary antibi-
otics (ampicillin 100 ug/mL) unless otherwise noted. Pattern-
forming bacteria were grown on agar dishes composing 0.5%
NaCl, 0.5% K,HPO,, and 0.2% peptone, and solidified with
either 1.5% or 0.9% agar. 12x 12 cm (Gosselin, France) and
24.5%24.5 cm Petri dishes (Corning, USA) were used for screen
printing and completely filled such that the screens would be
able to contact the agar. For black ink and silk screen medium,
we used ~25mL of either water-based AquaBrite textile col-
ors (Holden’s Screen Supply, USA) or a water-based Golden
Silkscreen medium (Golden Artist Colors, Inc., USA).

Screen printing

The amount of CMC or XG necessary to screen print was
dependent on individual screen mesh sizes, screen designs,
and desired density of bacteria cultures. Screens were pur-
chased from Holden’s Screen Supply. Screen sizes were
18 X 20 inches, 21 x27 inches, and 11X 14 inches, at 305
mesh count. Generally, 12.5 mL of medium were sufficient to
screen print per agar dish. The solution was applied to the
screen and pulled through using a 10-inch squeegee. One pass
was optimal to prevent bleeding and smearing, but two were
conducted if a sufficient amount of bacteria was not trans-
ferred during the first pass. To increase contact between
plates and screens, the plates were elevated, such that the
screen was pulled down around the edges of the plates.

Strains

Plasmids containing genes for eforRed, amilGFP, and
cjBlue were chemically synthesized (Genscript, USA), con-
taining the pTac promoter driving a gene of interest. The
promoter sequence and ribosome binding site (RBS) used are
as follows: 5-GAGCTGTTGACAATTAATCATCGGCTC
GTATAATGTGTGGAATTGTGAGCGGATAACAATTT

FIG. 1.

Screen printing bacteria. Bacteria are resuspended in a biocompatible, viscous medium. The mixture is placed

along the edge of the screen and is applied by moving the squeegee horizontally across the screen. The pattern in the screen
is then transferred onto an agar dish (or other surface) placed underneath the screen and allowed to grow and develop.
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CACACAGGAAACAGAATTCT-3". All plasmids were
synthesized in a pBluescript II KS + vector and were
transformed into a Mach1 strain of Escherichia coli (Life
Technologies) and plated on LB at 37°C. For preparation of
bacteria for screen printing, cultures were grown at 37°C
with shaking overnight. One hundred sixty microliters of
culture were then transferred to 25 mL desired screening me-
dium. For screen prints of overlapping circles, 500 mL of culture
were grown at 37°C with shaking for 2 days. The culture was
then centrifuged for 10 min at 10,000 g and 20°C. Resuspension
and centrifugation were performed as noted to concentrate
bacteria. Paenibacillus dendritiformis T and P. dendritiformis C
were kindly provided by Eshel Ben-Jacob and grown at 37°C for
all cultures. Staining was performed with 40% methanol, 20%
acetic acid, 19.9% dH2O, and 0.1% Coomassie blue (or 0.1%
Coomassie blue and 0.1% methyl red solution). Ten microliters
of solution were added to the dish and left to sit for 5 min, after
which it was decanted. Ten microliters of 40% methanol, 20%
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acetic acid, and 20% dH20 were then used to destain the plate
for 10 min, or more as needed.

Imaging

75x25 mm glass slides (VWR, USA) were used for im-
aging bacteria on Nikon TI-E with Perfect Focus. Images of
all plates were taken using a Canon EOS 5D Mark II camera.
Plates were placed on a light box, with the camera mounted
on a tripod above them.

Resolution measurements and statistics

Measurements of the positive resolution and bleed were
conducted by measuring the width of a given screen-printed
line using a Nikon TI-E microscope with a CFI Plan Fluor
DL 4X objective. Five width measurements were then ta-
ken per line, and the mean and standard deviation were
calculated.

CMC

XG

FIG. 2. Bacterial growth following screen printing. Top left: A portion of the screen design containing decreasing line spacing
from left to right, and increasing line thickness from fop to bottom. Other panels: Results of eforRed bacteria resuspended in
three mediums, screen printed onto agar dishes, and grown for 2 days at 37°C for color to be visible. The three mediums are
XG, GA, and CMC. Photos were taken with a digital camera illuminated by an LED light panel placed underneath the agar
dishes. Scale bars apply to all images. CMC, carboxymethyl cellulose; GA, gum arabic; XG, Xanthan gum.
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Results
Screen patterning mediums for bacteria

To allow for simple visualization of bacteria during screen
printing, we engineered a strain of bacteria to express efor-
Red, a red chromoprotein, under control of a constitutive
pTac promoter. This strain also contains an antibiotic resis-
tance marker, ampicillin, which prevents contamination from
outside bacteria during screen printing. We initially mixed
eforRed bacteria cultures into a commercially available silk
screen medium. To screen print the bacterial mixture onto an
agar dish, 12 cm Petri dishes were filled completely with a
nutrient agar mixture. A 21 X 27 inch screen was clamped on
a table, and then aligned with the agar dish underneath it.
Approximately 12.5 mL of the bacterial mixture were placed
on the screen and applied to the agar dish using a squeegee
(Fig. 1). The agar dish was then removed and placed in a 37°C
incubator to allow for bacterial growth.

After screen printing directly onto a Petri dish as described
above, we surprisingly observed no bacterial growth. A control
streak of bacteria without the silk screen medium plated on an
agar dish grew and expressed eforRed; however, a control streak
of bacteria with the silk screen medium plated on an agar dish
did not grow (Supplementary Fig. S1; Supplementary Data are
available online at www.liebertpub.com/3dp). We additionally
tried two other fluorescent bacterial strains and observed no
bacterial growth as well. Based on these results, we concluded
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that there was some toxic element present in the silk screen
medium that prevented bacterial growth. The silk screen medi-
um’s material data safety sheet did not explicitly describe in
detail its composition, making it difficult to determine which
ingredients in the formulation may be inhibiting bacterial growth.

We therefore sought to determine an appropriate medium that
would allow for screen printing bacteria. Such a medium would
have both appropriate viscoelastic and biocompatible proper-
ties. To narrow our search range, we chose food-grade thick-
ening agents that were likely to be biocompatible and not
interfere with bacterial growth, and also displayed thixotropic
properties for accurate screen printing. We characterized three
possible chemical thickeners to use as resuspension mediums:
(1) XG, an extracellular polysaccharide of the bacterium Xan-
thomonas campestris,30 (2) GA, a natural gum made from the
hardened sap of the acacia tree,>! and (3) CMC, a derivative of
cellulose found in plants.** Each solution was formulated to a
concentration that was qualitatively similar in viscosity to the
commercially purchased silk screen medium.

Resolution and morphologies of bacteria screen prints

Having identified possible screen printing mediums, we
explored and characterized bacterial growth after screen
printing onto agar surfaces. Using a screen containing a design
with varied line thicknesses and spacings (Fig. 2A), we screen
printed eforRed bacteria mixed with XG, GA, and CMC onto

FIG. 3.

Microscopic characterization of bacteria screen printing on agar. Images taken at 4x magnification of XG, GA, and
CMC eforRed bacteria mixtures immediately after screen printing on agar, allowing for quantification of positive resolution,
bleed, and morphological features. Scale bars shown apply to all images in a column.
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TABLE 1. MEASUREMENTS OF POSITIVE RESOLUTION AND BLEED FOR SCREEN PRINTING MEDIUMS
GA XG cMC
Positive Resolution Bleed Positive Resolution Bleed Positive Resolution Bleed
Glass 251124 171124 207133 67+33 412+28 332+28
Agar 38826 248126 188+34 8+34 323+16 203+ 16

CMC, carboxymethyl cellulose; GA, gum arabic; XG, Xanthan gum.

agar dishes and allowed them to grow in an incubator at 37°C
for 2 days (Fig. 2B-D). The growth of the bacterial colonies
produced the eforRed protein and allowed for simple visual-
ization with a digital camera. We observed that the features of
the three mediums seemed to differ. While the XG mixture
seemed to produce finer lines with tighter intercolony spacing,
CMC and GA produced colonies that were sparser, with GA
colonies often inconsistently printed. It was unclear whether
these apparent features were a result of growth of bacteria
after screen printing or due to the differences in the screen
printing process itself. Thus, to investigate these effects, we
turned to microscopy for further characterization.

We used the same screen with lines of varying thicknesses and
spacing and screen-printed bacteria in GA, XG, or CMC onto
either glass or agar, and imaged them under a microscope at

4 xmagnification (Fig. 3). The resulting images demonstrated
that the combination of medium and surface yielded distinct line
morphologies and positive resolutions (Table 1). We defined
positive resolution by finding the first set of three contiguous
lines in a given image and measuring width of thinnest of these
lines at multiple points along the line (Materials and Methods).
Immediately after printing on agar (Fig. 3), XG appeared to co-
alesce and form narrower lines than the other two mediums
(188 £34 um), while leaving spines on either side of the line itself
(the spines themselves were excluded from the measurement of
this thickness). In contrast, GA and CMC produced thicker lines
of 388 26 and 323 £ 16 um, respectively. Performing analogous
experiments on glass (Supplementary Fig. S2), CMC yielded
lines of positive resolution at 412 +28 um, while XG and GA
formed narrower lines at 251 +24 and 207 =33 um, respectively.

) --

C:MC--
XG --

FIG. 4. Microscopic characterization of bacteria and colony morphology after screen printing. Screen-printed eforRed
bacteria in XG, GA, and CMC on an agar dish, grown for 2 days at 37°C, and visualized by microscopy. Colony
morphology differs between GA, CMC, and XG, although no notable changes in growth rate were observed. XG produces
the highest density growth and finest lines, in particular along the midline of the lines, with CMC and GA producing sparser
colonies. Scale bars shown apply to all images in a column.
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In further contrast with agar, CMC and GA on glass formed
prominent spines flanking the lines.

In addition to positive resolution, we also computed the
“bleed”” across all combinations of medium and surfaces
(Table 1). This was defined as the difference between the
positive resolution and the actual thickness of the intended
line according to the digital image. XG yielded a remarkably
low bleed on both agar and glass, and significantly less bleed
than either GA or CMC on both surfaces. As a point of
comparison, we screen printed commercially available black
silkscreen ink on glass and obtained line thicknesses of
429+25 pum, with a bleed of 349 +25 um.

Finally, we asked whether bacteria were still viable after
screen printing. Indeed, all mediums permitted bacterial
growth, although with distinct colony morphologies (Fig. 4):
GA appeared to produce a wide array of colony sizes with
nonuniform edges; in XG, bacterial growth appeared denser
and homogenous throughout the line; and CMC produced
discrete colonies of homogenous sizes, but with more similar
properties to normal colonies observed without a resuspension
medium. Together, these distinct morphological properties
suggest that the choice of surface and medium may vary by
application, but XG may enable the highest printed resolution.

Complex configurations of screen-printed bacteria

Communities of bacteria are known to interact with one
another, either competing and inhibiting each other’s growth or
engaging in cooperative behaviors.>>~> We sought to deter-

.\
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mine if our screen printing approach could be used to incor-
porate multiple bacteria populations in more complex designs.
To do this, we engineered additional bacteria producing yellow
(amilGFP) and blue (cjBlue) proteins under the pTac promoter
to allow for visualization of distinct populations. Along with
our previous red (eforRed) protein, this created a distinct cyan,
magenta, and yellow color system that could produce a broad
color spectrum in bacterial mixtures. Using a ‘‘venn diagram”
design of overlapping colors, we screen printed a dense bac-
terial mixture in CMC onto paper with three successive screen
prints of amilGFP, eforRed, and cjBlue bacteria, respectively
(Fig. 5A). The resulting print demonstrated color mixing
similar to the combination of traditional pigments. This type of
screen-printed design could be representative of what inter-
acting bacteria biosensors on paper would look like.

We also tested if screen printing could produce more
complex images and configurations with shared interfaces.
We first printed and grew single populations in more complex
“‘cube’” designs using amilGFP bacteria with CMC, showing
the versatility of the screen printing approach (Fig. 5B). Next,
we printed amilGFP and then eforRed bacteria mixtures on
an agar dish in the design presented in Figure 5C. The pattern
was well maintained after 2 days of growth and produced the
yellow and red pigments. We additionally imaged this pattern
under blue-light transilluminator (on a standard gel box with
and orange emission screen) in Figure 5D to provide more
contrast. These experiments provided a proof-of-principle
system that could be utilized to investigate interactions and
competitions between juxtaposed strains in future studies.

FIG. 5. Complexity and multipopulation screen printing of bacteria on surfaces. (A) Successive screen prints of amilGFP,
eforRed, and cjBlue bacteria on paper demonstrating color mixing of bacteria. (B) amilGFP screen printed in cube shape
and grown on agar at 37°C for 2 days. (C, D) Successive screen prints of amilGFP and eforRed bacteria in an interlocking
configuration grown for 2 days on agar. Scale bars shown apply to images on each row.
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Biofilm pattern formation using screen printing

Some bacteria form striking, fractal-like patterns that resem-
ble nonliving systems, but as they grow spontaneously change
into a new state that results in a distinct morphology.>¢~° One
potential question in studying these biofilms is what determines
the sudden transitions and how far back the spatial history of the
pattern influences the biofilm’s next transition. An approach
to study this question is to pattern bacteria into their natural
fractal shapes as the initial conditions and vary the conditions
at which bacteria were prepared (e.g., different bacteria sub-
types, densities, and nutrient conditions). To demonstrate how
screen printing could be used for this application, we grew
P. dendritiformis T bacteria® under pattern-forming conditions
until they reached the shape observed in Figure 6A. We stained
and imaged the resulting pattern and created a screen with an
identical shape. The feature sizes of the bacteria pattern were on
the order of a millimeter or less, appropriate for the resolution we
can obtain when screen printing. We then patterned amilGFP
bacteria (Fig. 6B) or P. dendritiformis T in this shape onto an
agar dish, and allowed the strains to grow at 37°C. After 1 day of
growth, we stained the agar dishes for visualization (Fig. 6C, D)
as a demonstration of the successful screen printing of different
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species in the pattern created by the original strain. Using screen
printing, a variety of bacteria subtypes or mixtures, thereof,
could be patterned on multiple agar conditions to determine the
resulting growth patterns.

Discussion

Although it was initially adopted by chain stores for adver-
tisements and sign reproductions, screen printing developed
into a fine art form and eventually was adopted by many other
commercial industries.*' Today, screen printing still occupies a
unique niche typically recognized for its versatile nature and
low capital investment. The method can also print highly vis-
cous and concentrated solutions, which is difficult with other
approaches, and allows for varied and consistent thicknesses of
layers to be applied additively to surfaces. These features have
led to the widespread use of screen printing for manufacturing
of solar cells, electrochemical sensors, electroconductive paste,
and flexible electronics.**~** Although screen printing is a well-
adopted technique in many industries, less attention has been
devoted to the screen printing of living cells.

The unique requirements of screen printing living cells in-
clude biocompatibility and patterning on a surface that allows for
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FIG. 6. Screen printing biofilm patterns on agar. (A) Paenibacillus dendritiformis T bacteria grown on pattern-forming
media and stained with Coomassie blue. We used this image as the initial starting point for the biofilm screen design.
(B) amilGFP bacteria screen printed in the biofilm design and grown on agar for 2 days. (C, D) P. dendritiformis T bacteria
patterned, grown at 37°C, and then stained with either (C) Coomassie blue or (D) Coomassie blue, and methyl red.
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cell function or growth. In this work, we have described me-
dium compositions for screen printing bacteria onto agar,
paper, and glass surfaces. We demonstrated resolution that is
sufficiently high for a variety of studies, using low-cost and
quickly produced screens. If less resolution is sufficient,
screens can be produced with do-it-yourself (DIY) kits that
are readily available and still would produce submillimeter
resolution in theory. Since some interactions between living
organisms occur at even smaller scales, higher resolution may
be obtained by adoption of ultrafine screen printing (6 um
resolution; Kuroda Electric, Czech Republic) or photolitho-
graphic approaches for creating the stencils.*’

Our methodology was able to produce consistent line
thicknesses of ~200 um using a 305 mesh count screen (with
~ 50 um openings). In our case, we observed that XG produced
the best positive resolution and lowest bleeds of the three
mediums. We noted from our images that XG seemed to be
comparatively cohesive, binding to itself rather than the surfaces
tested, potentially contributing to its low bleed. In contrast, both
CMC and GA produced larger bleeds and positive resolutions.
However, as we demonstrated, these seem to be at similar levels
to commercial screen printing inks, and are expected to some
degree in a normal screen printing process. Modifying the che-
mical properties of these mediums specifically for desired sur-
faces may allow for greater resolution to be obtained. In addition,
further improvements to our experimental setup may improve
performance. For instance, commercial screen printing pro-
cesses use vacuum pressure to keep the screen in close contact
with the surface while screen printing. This prevents the screen
from shifting laterally or out of the plane, which helps avoid ink
from accumulating underneath the screen during the process.

A number of other factors are known to affect the resolution of
screen printing. Previous studies have demonstrated that mesh
material, medium rheology, squeegee attack angle, squeegee
blade characteristic, squeegee speed, and surface variations all
play a role in the resulting pattern produced.***” Factors such as
the force and speed may be more restrictive in the case of screen
printing living cells. For example, agar surfaces tend to be soft
and require lower pressures when screen printing, and some cell
types are sensitive to shear stress.*® Alternatively, screen printing
on temporary substrates that can be transferred to agar dishes
may offer an increased flexibility. Subsequent studies providing
arigorous analysis of screen printing variables will optimize the
process for living cells, and could be improved by mechanical
and robotic control of the screen printing process.

Screen printing also has several benefits in terms of the
scalability of printing live cells. As screen printing is used in a
variety of industries such as electronics and textile industries,
the infrastructure in place could readily be used to print bacteria
instead of conventional inks. Screen sizes can reach up to 100—
120", can print a large array of colors (or types of bacteria), and
can reach up to 15004500 sheets per hour for linear and cy-
lindrical screen printing, respectively. One major advantage
is that prints can be made on almost any material including
paper, textiles, wood, ceramics, glass, and leather. Furthermore,
screen printing can be adapted to irregular and nonflat surfaces,
while maintaining consistent printing.*>° At a small scale, these
properties allow for rapid iteration and prototyping of various
surfaces, suspension mediums, bacterial strains, and patterns. In
terms of product management on a large scale, maintenance,
repairs, and new components for screen printing are often more
economical and simple than digital technology that has frequent
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software and hardware updates and rapid platform obsolescence.
In comparison, microfabrication approaches are typically higher
resolution, but have smaller print sizes, and may require special
facilities and material handling. Current bioprinting approaches
are capable of relatively small size prints and are typically used
for research purposes. Large-scale inkjet printers could be
modified to print bacteria; however, additional complications in
clogging of print heads, thermal technology that may cause loss
of bacterial viability, and a smaller set of surfaces to print on are
drawbacks that may be limiting in comparison to screen printing.
Lastly, use of the screen printing system also readily lends
itself to the field of “‘Bioart.” Bioart is a growing field within
the art world, with examples including use of recombinant
DNA, painting with bacteria, and microscopic imagery that is
immunohistochemically stained or colored.”’ While bacteria
have been used for bioart in many different projects, the art is
usually created through traditional scientific methods that
may be difficult to gain access to or are challenging to ma-
nipulate with precision. In this study, we developed a screen
printing system that is familiar and particularly suited to
artists, and can be adapted to print a variety of living or-
ganisms on different surfaces. This simple approach can be
utilized by both artists and scientists alike and used as a
platform for engagement in education and science literacy.

Conclusion

In this article, we described a process to screen print living
bacteria in precise spatial configurations onto agar, paper, and
glass surfaces. We demonstrated how different applications
ranging from printing bacteria biosensors on paper to biofilm
pattern formation could benefit from our single or multi-
population screen printing approach. The advantage of the
technique described in this study lies primarily in its versatile
nature, allowing users to prototype designs and adopt existing
infrastructure, tools, and knowledge from industrial screen
printing technology. Furthermore, screen printing is a highly
scalable technology and can be extended to manufacturing on
a large scale. In the future, we hope to rigorously develop this
system to allow for higher resolutions, controlled thicknesses,
and antibiotics to prevent bacterial growth.
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