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Abstract

Klari Reis's petri dish painting series will take you into color coma. Each piece is unique. While bacteria
constitute Bacteriartist's production material, laboratory equipment such as microscopes, petri dishes,
transparent tubes and incubators become artist's art production tools. “I’m microbiologist masquerading as
artist. Or am I artist masquerading as microbiologist?” says Zachary Copfer on his personal Web site, Science
to Power of Art. “I can’t seem to remember anymore.” Considering essential existence of all microorganisms
in nature, especially bacteria that cause fish diseases, pigment is only one of their disease-causing powers, that
is, their virulence, by fish clinicians, and is considered an art ingredient by artists. Normally, pathogens are
harmful, however this art does not cause harm. This research article studies fish pathogenic bacteria isolated
from diseased fish. Fish pathogens Aeromonas hydrophila, Pseudomonas fluorescens, Aeromonas sobria,
Staphylococcus warneri, Vibrio alginolyticus were studied. Strains were grown on Tryptic Soy Agar (TSA),
MacConkey (MAC), Aeromonas Isolation Base Agar (AIBA), Congo Red Agar (CRA) and Blood Agar (BA).
Inoculate all plates (TSA, MAC, AIBA, CRA, BA) with test microorganisms and incubate at 250C for 24 h
aerobically. Bacterial strains were subjected to series of agar assays. Pathogens to applied start-up assay,
inoculum, gram’s staining, antibiogram assay, agar well diffusion method assay. In conclusion, microbiological
data obtained through agar-based analyses of fish pathogens not only contribute to diagnosis of disease agents
but also enable re-evaluation of biological diversity in both clinical and creative dimensions by inspiring
microorganism-based aesthetic productions at intersection of science and art.
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SUMMARY, COMMENT AND HIGHLIGHT
Bacteria's transformation from pathogenicity to oeuvre.

Gorgeous Art was made with a surprising substance: live bacteria and petri dishes contain agar changed
the way Scientists cultivate tiny life in labs. Anymore agar is the canvas for a growing school of Art.

Thanks to Bacteria-Art projects, the aesthetics of bioart and the ethical context of biotechnologies are
discussed; Philosophical concepts and approaches that can be created in the new cultural ecosystem are
being developed.

It is an article candidate that tries to explain science through the eyes of art.

Scientist Paints Galaxies And Faces With Glowing Bacteria. Yes, that's Einstein's face, and yes, it's
drawn with bacteria. Zachary Copfer, a microbiologist-turned-artist, uses a special photographic method
to make these bacterial portraits (and galactic images). "As a former microbiologist recently turned
visual artist, I seek to create work that is less of an intersection of art and science and more of a genuine
fusion of the two. During my graduate research I invented a new medium that combines photographic
process with microbiological practices," he writes on backround. He adapts the bacteria to be either red,
or glow green. These bacteria are then exposed to radiation, killing off parts of the culture. These are,
as he describes, "living phosphorescent bacterial photographs."

1. INTRODUCTION
“Neither science nor the arts can be complete without combining their separate strengths. Science needs
the intuition and metaphorical power of the arts, and the arts need the fresh blood of science.” — E. O.

Wilson (Adkins-Jablonsky et al., 2021).

This Art movement is called “The Art of Microbiology”, “Art of Bacteriography”, “Bacteria Portraits”,
“Bacteria-Art”, “Bio-Art”, “Micro-Art”, “Agar-Art”.

Bacteria-Art, arising from interaction of science and art, consists of practices in which fields of study
such as biotechnology, genetics and molecular biology are intertwined with contemporary art practices
such as installation, performance, video and process art. Artworks produced with microorganisms are a
New Media Art created using today's Technologies (Cakiroglu, 2021).

The most commonly used method to identify and produce bacteria is to plant that bacteria on petri plates
containing media using various techniques. The main purpose of this technique is to observe forming a
colony with its own characteristics (color, odor, colony shape, capsule presence) in the agar by providing
conditions such as food (medium content), pH, temperature and humidity in which the organism under
investigation can develop. In this way, a preliminary assessment can be made that that microorganism
may be present in the sample being investigated. These properties of microorganisms and media can
turn petri dishes into drawing paper and microorganisms into paints. Considering this feature, the
American Society for Microbiology organizes a competition called Agar Art every year and announces
the winner of the competition on social media. Undoubtedly, in order to skillfully use the petri dish as a
canvas and microorganisms as paint, it is necessary to know well some of the properties of
microorganisms and media. (Aslan, 2020).

The art movement and interpretation that includes works of art obtained from the images created by
bacteria on petri dishes containing sterile agar is called Bacteria-Art.

Although the article mostly emphasizes bacteria, living things such as fungi, molds and yeasts, which
are the leading characters in the microbial world, are also an indispensable part of this art.

Artist Colin Salter is curious about what the human body looks like under a microscope and makes
observations. He photographed the images under the microscope and then colored them. He described
his works in detail in his book "Science is Beautiful". If we examine these works, we will see that every

This work is licensed under a Creative Commons Attribution 4.0 International License. e3042 -2



Science and art: germ art, bacteria portraits art, petri dishes and fish diseases bacteria are vibrant hues combine take into
color coma because bacteria “"oeuvre’’ anymore | Filik, N. & Filik, F.

part of the human body is a work of art. The artist's works include blood cells, human skin, lung cells,
Adrenaline Crystals, Serotonin Crystals, the balance in the inner ear. It consists of images in the human
body that cannot be seen with the naked eye, such as stones, insulin crystals, melatonin, empty fat cells
and bacteriophages, and can be seen with the help of a microscope (Hizioglu, 2019).

Sir Alexander Fleming, Emeritus Professor of Bacteriology at the University of London, made his most
famous discovery in history in 1948, the discovery of penicillin and lysozyme. Sir Alexander Fleming
(6 August 1881 — 11 March 1955) was a Scottish bacteriologist who discovered penicillin. He carried
out scientific studies between 1924 and 1948, when he worked at St. Mary's Hospital ("Inoculation
Department") in London. Starting in 1927, he conducted studies on the characteristics of a mold within
the genus Penicillium. He found that during the production of the bacteria that cause boils, some airborne
spores surrounded the pure culture like a blue-green mold stain and killed the bacteria. A year later (in
1929) he published an article about his discovery, which he called Penicillin. Although he completed
his bacteriological studies on penicillium in the same year, he waited until 1939 because he did not have
the financial means to produce the substance. Scholars such as Sir Howart Florey and Emst Boris Chain
helped him and together they completed the morphological and clinical studies of penicillin at the
Oxford School. Thus, industrial production of penicillin began in America (Alexander Fleming, 1927).
He won Nobel Prize in Medicine in 1945 with two of his friends (Nobel Prize, 1945). His main work is
his book The Use of Penicillin in Practice (Alexander Fleming, 1927).

Fleming also made various paintings using pigments in bacteria. He also has amateur watercolor works.
He is known for his works such as houses drawn using bacteria, ballerinas, mothers feeding their
children, and soldiers. He made these studies using bacteria with different natural pigments. Transparent
sterile agar is filled into the petri dish. After the agar freezes, bacteria are inoculated with the help of a
loop. Each bacteria has its own unique natural pigment substance. The images drawn lightly with a
laboratory instrument needle on the Petri dish are at first invisible. Over time, bacteria multiply and
become visible. As the bacteria grow, the pigment they contain becomes visible and the picture emerges.
The scientist created a small exhibition of bacterial art for a royal visit to St Mary's organized by the
then Queen Mary. But he did not receive the attention he expected. It is difficult to paint with this
technique. Fleming is a self-taught artist with no art training. Fleming was a self-taught artist; he had no
real artistic training and so he painted what occurred to him. The paintings had little in the way of
dimension or nuance and yet still had a vigor, heightened by the reality that they in fact were alive. As
one breathed on the paintings, they breathed back (Dunn, 2010).

In this review summarizes, Bacteria-Art, the scientist-artists who practice this art, the works of the
movement, how bacteria that cause a clinical case from the members of the micro-world turn into a
oeuvre, their journey in the art world and the details about this art movement are explained.

2. AGAR CHARACTERISTICS “CANVAS”

It can be thought of as a canvas. In normal painting, when painting on canvas, petri dishes are used.
Suitable agar (bacteria growth medium) is added to these petri dishes in a sterile manner and allowed to
cool and freeze. The prepared agar petri dishes replace the canvas with the bacteria-art flow.

Microorganisms can form colonies with different characteristics in environments containing different
media as a result of their nutritional needs and metabolism. Microorganisms need very basic components
such as water, peptone and carbon source in order to grow in the agar. However, some organisms require
additional substances to thrive. As a result of the digestion of these substances in the medium, colonies
with different physical appearances may form on petri plates. In addition to microbial metabolism, color
pigments such as pyocyanin (blue color pigment), pyorubin (red color pigment), pyoverdin (yellow-
green), violacein (purple pigment) that the microorganism has; Features such as hemolysin enzyme
(alpha, beta or gamma) and the ability to hydrolyze esculin also affect the characterization of the
colonies formed by microorganisms in the agar. Media are solid-semi-solid and liquid media according
to their physical properties; According to their content, they are classified as natural-differential-
selective-enriched-complex media. (Aslan, 2020)
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Natural Agar are media prepared from substances such as milk, eggs, blood, plant and animal extracts.
Differential Agar are medium in which the investigated microorganism develops in a certain appearance.
For example; E. coli; While eosin creates a metallic highlight on methylene blue agar, Candida fungi
creates a metallic highlight on blood agar. Also, Aeromonas hydrophila creates with blood on Tryptic
Soy Agar. Enriched Agar are environments enriched with necessary nutrients suitable for the growth
desire of the bacteria. Selective Agar are media that prevent the growth of undesirable bacteria and allow
only the desired bacteria to grow (Aslan, 2020). Also, depending on the content of the agar used, bacteria
can produce pigmented colonies of different colors. Pigment color change in bacteria compared to agar
due to importance of these agars in BakcteriaArt is obvious.

3. BACTERIA “PAINT”

In bioart applications, bacteria, algae, yeasts, moulds, genetically modified organisms and the artist's
own biomaterial can be used as art production materials, while laboratory equipment such as
"microscope, petri dish, loop, microwell plates, transparent tubes, bioprinters, incubators, vortex mixers
and autoclave" can be used as art production materials for the artist. are transformed into means of
production (Anker, 2021).

Pigment is the substance that gives bacteria their color (Venil et al., 2013). Bacterial pigment is the dye
used in this art (Charkoudian et al., 2010).

Bacteria are a group of single-celled microorganisms. Typically a few micrometers long, bacteria have
a variety of shapes, some spherical, some spiral-shaped, some rod-shaped, and some comma-shaped.
Bacteria are present in every environment on earth. There are types that can grow in soil, sea water, the
depths of the ocean, the earth's crust, skin, animal intestines, acidic hot water sources, and radioactive
waste. Bacteria were first observed by Antonie van Leeuwenhoek in 1676, using a single-lens
microscope of his own design (Whitman et al., 1998; Fredrickson et al., 2004). It can be said that there
are two main types of cell walls in bacteria, these are called Gram-negative and Gram-positive (Gram,
1884). The importance of bacteria, which is a biologically very complex creature despite being single-
celled, in this branch of art is the pigment it produces. Typically, the number of bacterial cells in one
gram of soil is 40 million, and in one milliliter of fresh water is one million; collectively there are five
nonillion (5x1030) bacteria on earth, which make up most of the world's biomass. The science in which
bacteria are studied is bacteriology (Whitman et al. 1998 ).

Pigments are molecules that absorb a specific wavelength of light and reflect the rest of the visible
spectrum (380-750 nm) (Ramesh et al. 2019). Bacterial pigments are generally produced as secondary
metabolites, pigments that are released outside the cell (pyocyanin and melanin) and retained within the
cells (prodigiosin, violacin, B-carotene, xanthomonadin) (Venil et al. 2014)

It is a from of biological art where colonies of pigmented microbes are painted or drawn onto agar
medium using sterilized applicators. The mikrobes can be chosen for their natural colors.

Painting with bacteria isn’t entirely new because Sir Microbiologist Alexander Fleming in the 1920s,
began making ‘’grem paintings’’ of bacteria during his career. Similary, Biochemist Roger Tsien won
the 2008 Nobel Prize in chemistry for his contributions to the knowlegde of green fluorescent protein
(GFP), and using this GFP, Researcher Nathan Shaner made a 2006 microbial artwork.

According to color some commonly used microbes are listed: Bacillus subtilis (cream to bromn),
Choromobacterium violaceum (purple, violet), Escherinhia coli (colorless), Micrococcus luteus
(yellow), Micrococcus roseus (pink), Proteus mirabilis, Pseudomonas aeruginosa strains having
various pigments (i.e. pycyanin, pyoverdin, prorubrin, and pyomelanin), Serratia marcescens (pink or
orange), Staphylococcus aureus (yellow), Vibrio fischeri (bioluminescent), Saccharomyces cerevisiae
(yellow-white), Aspergilus flavus (yellow-green spores), Aspergilus ochraceus (yellow), Aurebasidium
pullulans (black), Candida albicans (whitish buff), Candica species (whitish), Cladosporium herbarum
(Brown to black), Cladosporium resinae (black), Epicoccum nigrum (yellow, orange, red, Brown, and
black), Fusarium species, Rhodotorula species, Scopulariopsis brevicaulis, Euglena gracilis
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(photosynthetic, green) and Physarum polycephalum (yellow, green) (Margalith 1992; Duran and
Menck 2001; Liu and Nizet 2009; Wang et al. 2013; Tuli et al. 2014; Hall et al. 2016).

The same type of bacteria can form colony colors with different pigments on agars containing different
nutrients. For example, Aeromonas hydrophila bacteria, which produce cream pigments on Tryptic Soy
Agar (TSA) agar, form pink pigmented colonies on MacConkey (MAC) agar. While there is no
intervention (mutation, mutant strain, genomic edits) in the bacteria here, even just changing the types
of agars is an obvious contribution of bacteria to natural art (Tab. 1., Fig. 1, Fig. 2, Fig. 3).

Petri dishes should be steril. Because drawings are made by planting bacteria with a laboratory
instrument. Since the natural pigment of the bacteria is a dye, contamination should not occur in order
to prevent the portrait from deteriorating. Contamination means that a different bacteria is introduced
into the picture uncontrollably. Therefore, it may cause color confusion and distortion. Working
aseptically on a painting requires the ability to be both a scientist and an artist at the same time.

4. BACTERIA-ART

Bacteria-Art is just agar, and microbes, bacteria and fungi. While they can occasionally cause human
disease, their presence on agar in the lab allows us to properly diagnose and treat those with an infection.
But, act movement for oevue, admires their presence and reframing it, quite literally, in a more positive
light (Tremblay, 2020).

The popularity of micro creatures is increasing day by day. Today, many artists are researching how to
use the world of bacteria in their works. This field of art, called Micro-Art, Bacteria-Art or Agar-Art,
has taken its place in artistic works with the developing microscope and imaging technology. In this
type of art, created by bacterial species, the bacteria planted on the petri dish in the agar are colorless in
the first stage. Pigments secreted by some bacteria give color to transparent agars. Thus, bacteria are
grown in agar and the desired images are obtained. The main material of this art is microorganisms.
Growing and dividing, they make noticeable patterns and colors simply by doing what they do best. In
a sense, the human contribution to the creation of this art is simply knowing the normal biological
activities of these productive organisms and directing them towards that direction. In this field of art,
for example, Bacillus subtilis, Chromobacterium violaceum, Escherichia coli, Micrococcus luteus,
Micrococcus roseus, Proteus mirabilis, Pseudomonas aeruginosa, Pseudomonas fluorescens, Serratia
marcescens, Staphylococcus aureus, Vibrio fischeri are used as bacteria, while Aspergillus flavus,
Aspergillus ochraceous, Aureobasidium pullulans, Candida albicans, Candida sake, Candida spp.,
Cladosporium herbarum, Cladosporium resina, Epicoccum nigrum, Fusarium spp., Rhodotorula spp.,
Scopulariopsis brevicaulis are used as fungi. Euglena gracilis, Physarum polycephalum are used as
protists (Microbialart.com, 2009).

5. BACTERIOGRAPHY: MAKING PORTRAITS FROM BACTERIA

Zachary Copfer, who graduated from the University of Cincinnati as a microbiologist, discovered an
interesting way to express his excitement about science through art: bacteriography. Copfer says that
thanks to this interesting art he developed, he began to enjoy nature and science more. Bacteriography
simply means creating a desired image using bacteria. What is done is simply to expose a petri dish to
radiation, using the negative of the image to be photographed as a mask. There is no bacterial growth in
areas where radiation passes, but bacteria grow and establish colonies in areas where radiation does not
pass. However, the regions where they can colonize also form the lines of the figure to be drawn. Copfer
explains: "This method is very similar to darkroom photography. There are two differences: a radiation
source is used instead of an agrantor (magnifier), and a petri dish with a bacterial emulsion is used
instead of photon-sensitive paper." (Copfer, 2019).

The winner of the first competition organized by the American Society for Microbiology in 2015 was
Mehmet Berkmen and Maria Pernil with their work titled "Neurons". Nesterenkonia organisms were
used to obtain yellow colonies in the petri dish, Deinococcus organisms were used to obtain orange
colonies, and Sphingomonas organisms were used to obtain red colonies. To depict Van Gogh's Starry
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Night, plates were inoculated with Proteus mirabilis, Acinetobacter baumanii, Enterococcus faecalis,
Klebsiella pneumonia bacteria. For this study created by Cristina Marcos, Candida albicans, Candida
glabrata and Candida parapsilosis yeast fungi were planted on Sabouruad Dextrose Agar (SDA) (Seyer
et al., 2003). Saccharomyces cerevisiae was used in the study conducted by Maria Eugenia Inda. This
study was conducted by Arwa Hadid and won the 2019 American Society for Microbiology first prize.
In the study, used to Micrococcus luteus for Lotus flower, E.coli for leaves, Staphylococcus
saprophyticus for outline drawing, Klebsiella pneumoniae and Staphylococcus aureus, a mucoid and
metallic organism, Proteus mirabilis for fins, Citrobacter freundii for eyes and Enterococcus faecalis
for sea (Aslan, 2020). It is another essential work made with Art Made with Transplantation (Bacteria
Inoculation) Technique artistic movement.

6. SOME EXAMPLES OF SCIENCE AND ART

Using bacteria as paint and using petri dishes as canvas. Bacteria's transformation from pathogenicity to
oeuvre. Natural color formations of the same type of bacteria (4. Aydrophila was used in this study) on
agars with different nutritional values, without any intervention such as genes, drugs, mutations, etc
(Tab. 1).

7. SCIENTIST & ARTISTS WORKING IN THE FIELD OF BACTERIA-ART

In the manifesto created together by bioartists such as "Eduardo Kac, Klari Reis, Marion Laval-Jeantet,
Benoit Mangin, Jowonder, Zachary Copfer, Mehmet Berkmen, Marta de Menezes, George Gessert and
Paul Vanouse", information is given about the scope of the umbrella term "Bacteria-Art" (ekac.org,
2017). The works that artists brought to bacterial art and their general understanding of art are briefly
explained in the literature section, each artist is given a separate title.

7.1. Klari Reis

Artist Klari Reis creates art in Petri dishes. Like the cultures you would expect to find there, the daubs
of colour bloom, bleeding paint seems frozen in time, whisps and tendrils reach across the glossy
surfaces reminding us of past science lessons and images from under the microscope. The desire to peer
closer is inevitable (The Arty Teacher, 2021).

This is art and science on two levels. Not only does the art look like biological forms but the artist Klari
Reis experiments with the reactions of acrylics, oils, dyes and epoxy polymer to achieve these
mesmerising effects.

Klari Reis uses the tools and techniques of science in her creative process, constantly experimenting
with new ways to apply materials and methods. The artist currently works in San Francisco, close to one
of the largest concentrations of life science companies in the world. Klari Reis takes advantage of this
proximity to collaborate with local biomedical companies and thus receive inspiration from the cutting
edge of biological techniques and discoveries; this grounds her artwork and lets her authoritatively.

The unifying theme of Klari Reis’s art is her mastery of epoxy polymer, and the fine control to its
reactions with a constantly-expanding variety of dyes and pigments. The UV-resistant plastic, supplies
a common framework for the methods and language that she uses to explore and express interactions of
material and color on a microscopicly. Compositions display brightly colored smears, bumps and blobs
atop aluminum and wood panels. She pigments the plastic with powders, oils, acrylics and industrial
dyes, built up through many layers of the ultra-glossy plastic. The shapes and colors bleed, blur, shift,
and widespread becoming remarkable through their eccentric detail. A skilled technician with a studio
for a laboratory, Klari has turned these processes of her own invention into science in the service of her
art.

Klari continues to explore unique synthesis of biology and creativity via her installation study,
Hypochondria. The projects consist of hand painted petri dishes mounted on the wall at varying
distances in groupings of 150, 60, or 30 pieces (Cynthia Corbett Gallery, 2023a).
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Klari’s study has been featured in international publications such as The New York Times, GQ, Wired
UK, Nature Chemical Biology, Elle Magazine, Time Out London, Artweek San Francisco, Art in
America, Art Ltd. Magazine, Giornale Del Medico, Science Magazine, The Times, The New York Post,
The Independent, Evening Standard Magazine, Frieze Magazine, The Financial Times, San Francisco
Business Times, BBC1, CNN Business Report and CBS News Market Watch (Cynthia Corbett Gallery,
2023a).

7.2. Eduardo Kac

Eduardo Kac is a professor of art and technological sciences at the Art Institute of Chicago. He has
pioneered an art movement using genetic technologies in various works since 1980. The artist created
his works by bringing together many different elements such as transgenesis, DNA coding, robots and
virtual reality. He criticizes genetics and biotechnology in a provocative way (Kac, 2019; Hizioglu,
2019).

7.3. Zachary Copfer

Scientists and artists have often used the S. marcescens bacteria, which is characterized by red colonies
and growth, in their work. American BioArt artist Copfer also produced photo-like images made entirely
of bacteria with the method he calls bacteriography. Instead of using a light-sensitive chemical emulsion,
the artist used living cells of S. marcescens. His portraits usually consist of celebrities and famous
scientists. In his work, he exposes bacteria to irradiation and reveals different shapes. Bacteria exposed
to light die, so they cannot produce red colonies and grow, thus obtaining the desired images (Copfer,
2014).

During his graduate research, he discovered a new medium that combined photographic processes with
microbiological applications. Prepared process bacteriography. Bacteriography occurs when radiation
is negatively emitted into a petri dish covered with bacteria. Final product is a plaque of bacteria that
grows to create a photographic image. This process is similar to darkroom photography. It is only
replaced by a magnifying radiation source, and instead of photosensitive paper, this process uses a petri
dish coated with a living bacterial emulsion. The artist, along with several other artists, created unique
bacteriophageal portraits of The Big Bang to promote science education in the UK. In 2014, he exhibited
these works at Millennium Point in Birmingham, England. Star Stuff is an installation of live
phosphorescent bacteriographs of the cosmos, whose works were taken by the Hubble telescope. Each
celestial form consists of a strain of Escherichia coli grown and genetically edited to enable
photographic reproduction of celestial objects. The installation attempted to instill a sense of wonder in
the viewer and to convey the sense of fear experienced by the artists while looking at the stars. The main
idea in his work is to suggest that the scientific view of the universe is not cold and dispassionate, but is
actually poetic (Hizioglu, 2019).

7.4. Mehmet Berkmen

Artist and scientist Berkmen is currently a Senior Scientist at New England Biolabs, where he conducts
research on genetic engineering bacteria to produce proteins. Berkmen and bacterial artist Maria Penil
Cobo have been creating live art works with bacteria grown on agar since 2011. Scientist Berkmen and
artist Cobo are a good example of Bioart art in field of Interdisciplinary Bacterial Art Workshops. "By
using agar, a gelatinous substance, to fill the Petri dish, we create a canvas on which microbes can spread
like paint and are allowed to grow and create art," Berkmen said. Unlike most forms of art, our "paint"
is alive and lives, breathes, and grows over time in unpredictable ways. It is not fixed and the artist does
not have complete control over his environment. To protect the final artwork, we seal the agar petri
dishes with epoxy, allowing viewers to safely touch the works. We are also trying to capture growing
bacteria in time-lapse movies using a special chamber we built. "We are currently working on expanding
our art to 3D agar structures and bacterial artworks," he explained. "I think that art and science are two
completely different fields. I see myself as both an artist and a scientist; I draw pictures with a certain
sense of aesthetics. With the bacteria we use in petri dishes with artist Maria Penil, we use the petri
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dishes as a canvas base. He also explained his understanding of art by saying "I see art in bacteria"
(Berkmen, 2010).

7.5. Seung-Hwan Oh

In South Korean artist Seung-Hwan Oh's project Impermanence, we witness human portraits being
invaded by bacteria. The results that emerged after Seung-Hwan placed the photographs he took in water
and exposed them to bacteria over a period of months or even years are quite striking. We watch with
amazement as bacteria, which undergo unexpected reactions with the chemicals of photographs, touch
a type of art we are not familiar with. -Yes; Sometimes art is for bacteria.

7.6. Suzanne Anker

She is a visual artist and theorist who works at the intersection of art and biological sciences. Regarding
genetic and toxic degradation, life drew attention to her beauty. Anker worked mostly with previously
identified and found materials such as laboratory equipment, microscopic images. The artist has pushed
the boundaries of Bio-art with his meticulous experiences and presented images and objects of the 21%
century, resulting in the creation of scientific works of art. The artist is also the founder of the Biological
Art Laboratory, which was opened at the New York School of Visual Arts in 2011 (Anker, 2001).

7.7. Simon Park

Dr. Simon Park is a lecturer in the Department of Molecular Biology at the University of Surrey offers
unique images created with fluorescent bacteria and slime molds. These close-up images of bacterial
colonies were used in an installation called Microcosmos that was widely shown in the UK. The work
was made in collaboration with Simon Park and composer Mitlon Mermikides, BBC cameraman Steve
Downer and culturalist Pattie Hendrie. The sound source for the setup was derived directly from the
color and shape of colonies and DNA sequences of each strain (Park, 2009).

7.8. Jowonder

She studied at St Martins School of Art in London and the National Film School in England. She is a
visual artist who uses the power of the image to challenge established ideas. He created paintings and
animations from living materials and invisible beings. Inspired by Alexander Fleming's early works,
Simon Park and artist Jowdonder created the naturally pigmented bacterial palette in 2006 with live
pigments that Fleming could not obtain in the early 1900s (Hizioglu, 2019).

He later made an interpretation of John Millais's Ophelia. John Everett Millais depicted the mysterious
death of Ophelia in Shakespeare's play Hamlet in 1851. In the painting reinterpreted with the bacterial
pigments in this palette, the black seeds representing death and sleep and the vibrant red representing
the poppy were made from the S.marcescens bacteria used by Fleming. With this study, something
beautiful and visually appealing consists of bacteria, a form of life that is vital to all other life on Earth,
including our own (Exploringtheinvisible.Com, 2016).

Jowonder created this work in 6 days, using accelerated video techniques, painting and animation in the
laboratories of Surrey University in England. With this work, the artist wanted to create a new life with
bacteria, the death of Ophelia in his poem. For the video, which was first premiered in 2010, composer
Millon Mermikides composed a composition based on the genetic code of the bacteria that colonize the
intestines and consisting of the sounds of the recited Opleia poem (Jowonder, 2009).

7.9. Hunter Cole

Cole, a scientist and artist who holds a doctorate in the field of genetics, has created works in which he
reinterprets science with art, inspired by science. Cole, a lecturer at Loyola University in New Orleans
and internationally known, includes live art in which he uses Bioluminescent bacteria in his art. He
presented his works to the audience in his personal exhibition at ARC Gallery in Chicago. The large
permanent public art installation called "Biological Domains", created for the Lakeshore capsule by
Loyola University in Chicago in 2008, covers a two-story wall and consists of 14 oil paintings, 6 of
which depict specific areas in biology (Hizioglu, 2019).
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It has been discovered that bioluminescence is created by a collective work in the Vibrio fischeri
bacteria. V. fischeri are bacteria that cannot produce light when they are alone, but when they multiply
and reach a certain number, they all start producing light at the same time. The fact that bacteria
understand that they are not alone shows that they have a social life. The fact that bacteria have a social
life was first revealed in the early 1970s during studies on V. fischeri, a Gram-negative marine bacteria
(Nealson et al., 1970; Girish and Ravi, 2023; Jabbarzadeh et al., 2023; Otjacques et al., 2023).

The artist said about his own works: "Art and science have always been mutually exclusive for me. I
interpret my approach to art as science-art, using creative, innovative techniques and methodology.
Since 2003, I have combined bioluminescent self-light-reflecting bacteria with drawing and
photography techniques. I use science to express myself in my creativity and artistic practice. "Art serves
as a motivation for me to interpret the world we live in," he said. In this statement, he stated that he
incorporated the V. fischeri bacteria into his understanding of art (Cole, 2014).

7.10. Ken Rinaldo

A scientific study called the “Dirty Money Project” conducted by New York University suggested that
there were 3,000 different types of bacteria living on the 80 $1 bill circulating in New York in 2014.
These bacteria come from human contamination. Money can be moved and exchanged freely around
the world. Artist Ken Rinaldo has researched bacteria that live on money from many angles in his project
“Bacteria Without Borders”; Rinaldo traced the growth of microbes on agar plates by taking banknotes
of world currencies collected at the international border at Lisbon Airport. The work was allowed to
grow for two weeks and then displayed for discussions on bacteria, money and boundaries (Hizioglu,
2019).

7.11. Edgar Lissel

German artist Edgar Lissel has been working with microorganisms to create intriguing images since
1999. He produces works by combining these organisms, which grow by exposing microorganisms to
light in a petri dish, with his expertise in photographic techniques. Edgar Lissel; I went through a very
complex breeding process by filling petri dishes with a nutrient solution consisting of bacteria, agar and
various salts. In a dark room, this creature in the petri dish is seen as a negative or a silhouette in the
algal emulsion. After a few hours and days, I observed the algae moving from shadow to light in image
shown. Regarding the method of creating an image by moving towards the direction of light, all the
works in this study consist of phototactic properties of cyanobacteria. He explained working principle
of "the movement of bacteria in nutrient solutions in Petri dish and growth processes in this dish, by
comparing it to use of the photography technique, as follows: "Just as place where light comes from
remains dark, areas with little light remain bright" (Lissel, 2009).

7.12. Heather Barnett

Heather Barnett has been working with the true slime mold, Physarum polycephalum, for several years.
Single-celled organisms, which are model organisms in different scientific studies, are a form of micro
intelligence, equipped to solve events, predict and solve problems to a certain extent. Barnett's
animations and photographic works are inspired by a range of scientific research involving urban
planning, cellular computing, decision-making, and complexity in the play of creative control and
authorship. These physical experiments, performed as biological and cultural phenomena, are to
determine their seemingly simple and complex behaviors (Hizioglu, 2019).

8. MATERIAL AND METHOD
8.1. Bacterial Strains

Isolated from sick fish that Aeromonas hydrophila, Pseudomonas fluorescens, Aeromonas sobria,
Staphylococcus warneri, Vibrio alginolyticus reference strain was used throughout this study.
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8.2. Start-Up Assay

Aeromonas hydrophila, Pseudomonas fluorescens, Aeromonas sobria, Staphylococcus warneri, Vibrio
alginolyticus reference strain was used throughout this study. Strains were grown in BHI maintained as
frozen stock at -20°C (Stecchini et al., 1993). Strains was studied by bacteriological assays. Strains were
identified morphologically and biochemically.

8.3. Inoculum

Strains were grown on Tryptic Soy Agar (TSA), MacConkey (MAC), Aeromonas Isolation Base Agar
(AIBA), Congo Red Agar (CRA) and Blood Agar (BA). Inoculate all plates (TSA, MAC, AIBA, CRA,
BA) with test organisms and incubate at 25°C for 24 h aerobically.

8.4. Gram’s Staining
Bacteria cell strains were Gram stained according to procedure (Bruckner, 2021).
8.5. Antibiogram Assay

Strains was tested for antibiotic resistance on Mueller-Hinton Agar (MHA) by using Kirby-Bauer
method according to the Clinical Laboratory Standards Institute (CLSI, 2023) guidelines (Mueller and
Hinton, 1941; Clinical L.S. Institute, 2023).

8.6. Agar Well Diffusion Method Assay

The components whose antimicrobial activity was to investigated were added to Blood Agar (BA)
medium containing blood at predetermined rates and transferred to petri dishes. Then, holes (wells) were
be made on agar using sterile tips, and 10 pl of bacterial strains that cause fish diseases were added. The
mixture was be incubated at 25°C for 24 hours. At end of incubation, a zone appeared around colonies
indicating pathogenicity. If no zone formed, antimicrobial activity of components was determined
(Scheffer et al., 1988).

9. RESULTS

Aeromonas hydrophila, Pseudomonas fluorescens, Aeromonas sobria, Staphylococcus warneri, Vibrio
alginolyticus reference strain was used throughout this study. Strains were identified morphologically
and biochemically.

9.1. Inoculum

The same type of bacteria can form colony colors with different pigments on agars containing different
nutrients. In results, for example, Aeromonas hydrophila bacteria, which produce cream pigments on
Tryptic Soy Agar (TSA) agar, form pink pigmented colonies on MacConkey (MAC) agar. While there
is no intervention (mutation, mutant strain, genomic edits) in the bacteria here, even just changing the
types of agars is an obvious contribution of bacteria to natural art (Tab. 1., Fig. 1, Fig. 2, Fig. 3).

A fish pathogenic bacteria, naturally cream in color, was cultured on red Congo Red Agar (CRA), and
the cream color turned black due to the biofilm it produced, one of the pathogenic forces that causes
disease. This is significant scientific information and evidence. This research has revealed a striking
detail: the biofilm production of fish disease-causing bacteria, and the cream-to-black color change (Tab.
1., Fig. 5).

9.2. Gram’s Staining

Gram staining revealed that Aeromonas hydrophila, Pseudomonas fluorescens, Aeromonas sobria, and
Vibrio alginolyticus were Gram-negative, while Staphylococcus warneri was Gram-positive.
Furthermore, because it occurs in both conditions, both conditions act as a control for each other.
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9.3. Antibiogram Assay

The selection of an appropriate antimicrobial is challenging task for clinicians. The Kirby-Bauer disk
diffusion method is one of the most widely practiced antimicrobial susceptibility tests (AST). It is
affected by many factors among which are the media used. Mueller-Hinton agar (MHA) is standard
medium recommended in guidelines. However, these guidelines are not strictly adhered to in some
developing countries. Here, antibiogram assay was used solely for decorative purposes on agar plates.
The research was conducted for artistic interpretation. Appreciation is that, because antibiotic-
impregnated disks were used and pathogenic bacteria were actually used as dyes, antibiotic
susceptibility and resistance patterns were also revealed.

Here, both bacterial inoculations and antibiotic disks were placed on agar. Indeed, a very valuable
scientific approach and results were observed. Since the artistic aspect is discussed here, we attempted
to demonstrate and demonstrate the artistic expression of scientific truth, its transformation into art, and
emergence of portraits of bacterial art (Tab. 1., Fig. 5, Fig. 6, Fig. 7).

9.4. Agar Well Diffusion Method Assay

Antimicrobial activity is being investigated using the agar well diffusion assay. In this assay, active
ingredient was added to blood agar, and this active ingredient killed inoculated bacteria. Because
bacteria died and could not exert their effect, no zone was formed. This lack of zone formation
demonstrated antibacterial activity of active ingredient. This is a powerful and important scientific
finding. However, when viewed artistically, a smooth, striking, seemingly infinite void appears on red
agar (Tab. 1., Fig. 4).

10. DISSCUSSION

Have you ever seen art created in a petri dish using living, growing microorganism? That Bacteria-Art!
Contest organizes for this Art. For example ASMs annual Agar Art Contest is a change to use science
to show off your creative skill.

You must have witnessed science and art meeting before. But this time, they complemented each other
in an area you had not encountered before. Art in a Petri dish: “Starry Nights.” This time, creative
microbiologists have presented us with beautiful example that just as science has no boundaries, so does
art. Artworks created using bacteria were showcased at "First Agar Art Competition" organized by
American Society for Microbiology. Although bacteria are not art tool for most artists, the results
showed that creativity has no limits. Instead of canvas, "agar" placed in petri dish was used here. Agar
is jelly-like medium used for bacteria to grow and develop in petri dish. In a statement to USA Today
magazine, Emily Dilger, spokesperson for the American Society for Microbiology, stated, "The artists
chose bacteria they wanted to use based on colors of bacteria that appeared during growth on the agar."
The results of competition were announced in September; Among works was exact example of Van
Gogh's Starry Nights (Gokgiil, 2015).

Charkoudian et al., 2010 was reported that recent advances in the study of natural products made by
bacteria have laid the foundation for engineering these molecules and for developing cost-effective ways
to manufacture them. In our lab, we study number of natural products that are synthesized by harmless
soil bacteria of Streptomyces genus. Whereas our primary interest in these molecules is due to their
antibiotic properties, many of these natural products have distinct colors (Kieser et al., 2010). (The
reasons for why Streptomyces make antibiotics or pigments remain mysterious.) This article is intended
to make the case to the scientific and educational communities that Streptomyces-derived natural
products are untapped source of useful biopigments. By sharing some of our own experiences in
harnessing these pigments to create paint and paintings, we also hope to inspire others to explore the
potential of Streptomyces-derived pigments in art, industry, and perhaps most importantly.

Nassar et al. 2019 reported that very major error may lead to the initiation of inadequate antimicrobial
therapy and may have fatal consequences especially in severely ill patients where these antibiotics are
common first-line substances. On the other hand, major errors deprive the patients of treatment with an
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effective antibiotic and lead to the use of second-choice drugs, usually more recent and expensive, and
thus contribute to economic losses and the selection of resistant strains. The primary purpose and
importance of antibiotics are well explained here. This research, in addition to the crucial properties of
antibiotics, presents a detail in the Petri dish art.

Magical Contamination by Antoine Bridier-Nahmias is an artistic documentation of mould and its
diverse colors and textures captured in petri dishes.

Being substance which is in general unwelcome guest, series shows beauty and fascination of these
mould specimens in new angle and makes you appreciate its light pastels and geometric shapes
(Trendland, 2023).

“Fu(n)ji-san,” created by Isabel Franco Castillo, Ph. D. student at Instituto de Ciencia de Materiales de
Arag6n, won third place in the Professional category. The 3D volcano is a mound of agar inoculated
with the mold Cladosporium cladosporioides, dripping with dyed-agar lava. The sand is mold spores,
and the corals are microorganisms grown on a dyed-agar sea. This oeuvre American Society For
Microbiology Agar Art 2019 Contest, 3rd Place. "Fu(n)ji-San," Isabel Franco Castillo (Isabel Franco
Castillo, 2019).

Bacterial art, situated at intersection of scientific and artistic practices, offers the opportunity to rethink
forms of knowledge production in both fields. Scientists typically assess bacterial pigment production,
colony morphology, and growth dynamics through the measurement and control of biological processes
(Frankel et al., 2023). This approach aims to achieve empirical validation by examining bacterial
behavior under reproducible experimental conditions. However, artists often approach this same process
as an aesthetic process that makes the productivity of nature visible. Indeed, the study "Bridging the gap
with bacterial art" emphasizes that artistic productions made with bacteria transform the laboratory
environment into a space not only for scientific but also for cultural sharing (Frankel et al., 2023).
Similarly, article "Bacteria on display—can we, and should we?" argues that making art with bacteria
is not only form of visual expression but also opens up discussions about public engagement with science
and ethical dimensions of biotechnological processes (Fawcett and Dumitriu, 2018). In this context,
while for scientists, bacteria are objects of experimental accuracy and methodological rigor, for artists
they become symbols of life's fragility and human intervention. Consequently, the same laboratory
techniques—for example, colony cultivation on agar or genetic modification—serve as tools of
verification in science and as tools of expression in art. As emphasized in literature (Frankel et al., 2023;
Fawcett and Dumitriu, 2018), this interdisciplinary interaction both transforms the social perception of
science and redefines the material and ethical boundaries of art. Consequently, bacterial art holds the
potential to reinterpret the concepts of "creativity" and "life," creating a hybrid space where scientific
objectivity and artistic subjectivity converge.

The study Microbial Artistry: Exploring Creativity Through Agar-Based Biological Media argues that
agar-based microorganism art media offer not only a form of aesthetic expression but also a medium for
science-art interaction within the context of microbiology education (Saba, 2025). This focuses on the
artist's use of microorganisms as "material" and opens up new possibilities for education, public
communication, and visualization within the scientific community. Furthermore, the study An
Unexpected Facet of Extremophiles: Their Aesthetic Potential in Artistic Expression argues that the
aesthetic potential of extremophile microorganisms can be explored in artistic contexts (Yarzabal
Rodriguez et al., 2025).

Bacteria-Art also offers practical and theoretical approaches around political, transformative, ecological
activism and innovation. In this context, bio-art and bio-design, as communication tools, can address
problems with a holistic approach and deliver alternative solutions to the masses. Bio-art and bio-design;
It draws attention to global ecological problems.

EBSCO offers art and science research databases, including Art & Architecture Source and Applied
Science & Technology Source Ultimate. In addition, our Academic Search product family combines art,
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science and other essential journals to create a comprehensive collection of leading scholarship from all
over the World (EBSCO, 2017).

The invention of the microscope, which follows photography and video technologies, has brought new
perspectives in the field of art. While microscope was an instrument of knowledge in science, it enabled
the search for new ways of expression and a new understanding of art in art. Although bio-art is one of
today's arts, its origins are quite old. One of them is scientist and penicillin discoverer Alexander
Fleming, and the other is artist and photographer Edward Steichen. BioArt the paint, the bacteria, is not
fixed and the artist does not have full control over the medium. Already, Copfer’s experimentations have
led to the creation of a medium he calls “bacteriography.” Essentially, the microbiologist-turned-artist
borrows techniques from traditional darkroom photography to develop recognizable images in growing
colonies of — yes, you got it — bacteria.

11. CONCLUSION

In conclusion, microbiological data obtained through agar-based analyses of fish pathogens not only
contribute to the diagnosis of disease agents but also enable the re-evaluation of biological diversity in
both clinical and creative dimensions by inspiring microorganism-based aesthetic productions at the
intersection of science and art.

This invisible micro world has attracted the attention of the art world and science. The scientific aspect
of the first examples of works in the field of Bacteria-art predominates. The reason for this is that artists
are scientists. However, the artistic aspect of later works developed and the audience was presented with
works of art blended with science and with an emphasis on aesthetic aspects. Bio-art is also a perspective
that evaluates science through the eyes of an artist without the aim of providing scientific information.
Bacteria-Art has transformed the bacteria used in scientific studies into an object that can also be used
for artistic works. Since the field of bio-art is realized by researchers who are both scientists and artists,
Bio-Art actually offers an interdisciplinary field. Science and art center laboratories that bring together
artists and scientists abroad are being established in cooperation.

I would encourage any new buyer to look, ask questions but also to be courageous if you are moved by
something. It’s exciting to invest in work by living artists and it’s important to be confident to develop
your own taste. Whilst there are some “academic” collectors out there, who are very well-read about the
historical context of the contemporary work they are buying, most collectors simply buy with an
emotional drive and response to what they like and what they want to surround themselves with.

Nowadays, where there are hundreds of forms of art, we witness a new form being added to the catalog
every day. Unthinkable, "What nonsense are you talking about, friend?" Even the materials we will talk
about can appear in an artistic form when necessary. In such an environment, bacteria can also find a
place in the middle of art.
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Table 1: Using bacteria as paint and using petri dishes as canvas

luxuriant, color
of colonies are
cream colony

Science Oeuvre Science Science
Explanation Figure
Growth

structure are
big,
characteristic
colony cream
pigmented
colony formed
by A.
hydrophila
ATCC 7966
reference strain
on Tryptic Soy
Agar agar

Luxuriant
growth, color of
colonies are
colorless pink
and occasionally

dark pink,
colony structure
are big,
characteristic
colony, pink
pigmented
colony formed
by A.

hydrophila
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ATCC 7966
reference strain
on MacConkey

agar

Luxuriant
growth, color of
colonies are
dark green,
colony structure
are opaque with
dark centre,
characteristic
colony, dark

yellow-green 3
pigmented
colony formed
by A.
hydrophila
ATCC 7966
reference strain
on Aeromonas
Isolation Agar
(Base) agar.
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In this assay,
active ingredient
was added to
blood agar, and
this active
ingredient killed
inoculated
bacteria.
Because
bacteria died
and could not
exert their
effect, no zone
was formed.
This lack of
zone formation
demonstrated

antibacterial 4
activity of active
ingredient. This

is a powerful
and important
scientific
finding.
However, when
viewed
artistically, a
smooth,
striking,
seemingly
infinite void
appears on red
agar
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Luxuriant
growth, color of
colonies are
colorless pink
and occasionally
dark pink,
colony structure
are big,
characteristic
colony, pink
pigmented
colony formed
by A.
hydrophila
ATCC 7966
reference strain
on MacConkey
agar.
Here, both
bacterial
inoculation was
made on agar
and antibiotic
disc was placed
on agar.

Strains was
tested for
antibiotic

resistance on
Mueller-Hinton
Agar (MHA) by
using Kirby-
Bauer method 6
according to the
Clinical

Laboratory

Standards
Institute (CLSI,
2023)
guidelines.
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scientifically
created zones
are used to
determine
resistance and
susceptibility,
and antibiotic to
which disease-
causing bacteria
is susceptible is
selected and
used for
treatment. This
research article
discusses this as
part of Petri dish

art.

Here, both
bacterial
inoculation was
made on the
agar and an
antibiotic disc
was placed on
the agar.
A fish
pathogenic
bacteria,
naturally cream
in color, was
cultured on red

Congo Red
Agar (CRA),
and the cream

color turned
black due to the
biofilm it
produced, one
of the
pathogenic
forces that
causes disease.
This is
significant
scientific
information and
evidence. This
research has
revealed a
striking detail:

the biofilm
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production of
fish disease-
causing bacteria,
and the cream-
to-black color
change.
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