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No. 2. Patricia Noronha, detail of a yeast biopainting, yeasts grown on watercolor paper, 27 x 42 cm, 2009. (© Patricia Noronha)
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ARTIST’S NOTE

Yeast Biopaintings: Biofilms as

an Artistic Instrument

Patricta Noronha

ew objects and themes that traditionally
belong to the area of science are populating the world of art
today. A similar movement took place during the Renaissance.
For example, in The Ambassadors (1533), Holbein painted two
astrolabes, two globes, a sundial and a skull, objects not gen-
erally used in painting décor. Thereafter, scientific themes
began to appear in paintings representing human activity, as
in The Anatomy Lesson by Rembrandt (1632) and the Portrait of
Pasteurby Edelfelt (1885). More recently, the now-defunct sci-
ence culture journal The Sciences illustrated all its articles with
paintings from the world of art. In recent decades, scientific
research institutes have begun to open their doors to artists.
Genetics, robotics and computers are the main attractions,
and several projects have been created as a result of the inter-
action between artists and scientists [1-4].

Nowadays artists can work with traditional painting materi-
als or use other methods, for example, exploring the pictorial
activity of a robot [5], a computer program [6] or microbial
cells [7,8].

THE STATE OF THE ART
IN BIOPAINTINGS

Nobel Prize winner Alexander Fleming developed a procedure
for growing microorganisms on paper that he called “germ
paintings.” He used a wide collection of bacteria and molds to
draw images directly on paper soaked in a culture medium and
grew the organisms in an incubator [9]. Although the final
result was microbial paintings on paper, they were produced
and preserved for scientific and not artistic purposes.

In 1988, Peter Gerwin Hoffman removed bacteria from
Wassily Kandinsky’s painting Parties diverses (1940) and cre-
ated a new artwork in the laboratory entitled Microorganisms by

Patricia Noronha (researcher, visual artist), Instituto de Tecnologia Quimica e Biologica
(ITQB), Universidade Nova de Lisboa (UNL), Av. da Republica—EAN. 2780-157, Oeiras,
Portugal. E-mail: <pnoronha@itgb.unl.pt>, <pnoronha69@gmail.com>.

See <www.mitpressjournals.org/toc/leon/44/1> for supplemental files related to this
article.

Article Frontispiece. Yeast biopainting, yeasts grown on watercolor
paper, 28 x 18.8 cm, 2009. (© Patricia Noronha)
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Kandinsky. The bacteria were grown
in a culture medium and were then
used to compose a picture formed
by petri dishes containing those mi-
croorganisms. Kandinsky’s painting
was selected because the Russian
artist had often postulated that

ABSTRACT

The author works with micro-
organisms that produce colored
natural pigments to create
biopaintings that result from

the manipulation of organisms
and their specific interactions.
The author’s biopaintings were
obtained by controlling the
growth of yeast cells on paper,
ensuring the stability of the

final results. These biopaint-
ings resulted from the artist's
observation and experiment-
ation with evolving patterns of
yeast biofilms. The often-
unexpected results are part

of the creative process and
suggest new artistic method-
ologies to be explored. An over-
view of the aesthetic manipula-
tion of microorganisms by other

abstract art creates a new world, artists is briefly presented.
which on the surface has nothing
to do with “reality,” and that this
new world will one day be just as
concrete as the “real” world [10].

In the early 1990s, David Kremers genetically altered E. coli
bacteria so they would produce colored enzymes. He used those
strains in paintings on agar plates; the growth was then arrested
by removing moisture from the plate, and the plates contain-
ing the bacteria were sealed out with a synthetic resin, leaving
the work in a state of suspended animation. The work was
neither “dead” nor finished, and the resin could be removed to
supply the bacteria with fresh nutrients [11-13]. Marc Quinn
constructed Sir John Sulston: A Genomic Portrait (2001) using
bacteria containing DNA fragments from Sulston’s sperm.
The E. coli recombinant cells containing Sulton’s DNA frag-
ments were suspended in a culture medium in a mirror-like
frame [14].

In his transgenic artwork Genesis (1999), Eduardo Kac cre-
ated a synthetic gene by translating the sentence “Let man

Fig. 1. Yeast biopainting with biologic forms, yeasts grown on water-
color paper, 27 x 42 cm, 2009. (© Patricia Noronha)
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have dominion over the fish of the sea, and
over the fowl of the air and over every liv-
ing thing that moves wpon the earth,” from
the biblical Book of Genesis, into Morse
code and converted the Morse code into
DNA base pairs. This “Genesis gene” was
incorporated into bacteria. A culture of
these bacteria was displayed in a gallery
show, where the public could turn on
an ultraviolet light, causing biological
mutations. The mutated bacteria DNA
was then translated back into Morse
code and then back into English. The
mutation that took place in the DNA
changed the original biblical sentence,
and, in the context of the work, the abil-
ity to change the sentence is a symbolic
gesture [15]. The projection of the bac-
terial culture on the wall of the gallery
was a vivid painting. In Specimen of Secrecy
about Marvelous Discoveries (2004-2006),
Kac again worked with microorganisms
creating living images that changed
during exhibition in response to in-
ternal metabolism and environmental
conditions [16].

Artists such as Peta Clancy [17], Ed-
gar Lissel [18], K.D. Thornton [19], Ana
Dumitriu [20], Polona Tratnik [21] and
Marta de Menezes [22] have used micro-
organisms to produce bio art works, but
in differing contexts and with different
purposes. Andre Brodyk uses transgenic
E. coli transformed with encoded genetic
material that enables the production of
the proteins responsible for either green
fluorescence or red fluorescence. These
bacteria were used in numerous bacterial
drawings in petri dishes [23].

In 2009, I presented a one-day instal-
lation with live biological cultures, titled
World (s) zero-reinvention, at the Calouste
Gulbenkian Foundation Gardens in Lis-
bon. This site-specific installation was a
live biopainting performed with 25 spe-
cies of microorganisms (yeasts, filamen-
tous fungi and a cyanobacterium) in 157
petri dishes (each 15 cm in diameter).
This work was a reflection on the frailty
oflife and the need to reinvent our world

[24].

YEAST BIOPAINTINGS

Until the end of the 18th century, artists
ground and mixed their own pigments,
which were mostly of mineral origin.
They had a special relationship with the
materials they used and possessed con-
siderable skills as practical chemists. With
the birth of chemical technology in the
early 19th century, artists began to use
industrially produced synthetic colors
[25,26].

A variety of pigments, such as flavins
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Fig. 2. Yeast biopainting, yeasts grown on watercolor paper, 20 x 28 cm, 2009. (© Patricia

Noronha)

Fig. 3. Yeast biopainting, yeasts grown on watercolor paper, 15 x 24.5 cm, 2009. (© Patricia
Noronha)

[27], carotenoids [28] and melanins
[29], are known to be produced by the
cells of various yeast species. I am explor-
ing the possibility of using yeast microor-
ganisms as pigments on paper to produce
art for what is to my knowledge the first
time. Biopainting production and its du-
rable fixation to paper is an original way
of painting that can bring up a series of
questions about the use of living organ-
isms to produce artworks.

Yeast biofilms can be used as pigments
to produce bio art. Biofilms are thin
films composed of millions of cells stuck
together like a tissue. I selected a col-
lection of yeast cells (unicellular fungi)

based on their color and texture char-
acteristics (e.g. Rhodotorula spp., Bullera
spp., Cryptococcus spp. and Rhodosporidium
spp., from the Portuguese Yeast Culture
Collection [PYCC]). I then manipu-
lated them in such a way that they could
be used as materials to produce bio-
paintings.

Yeast colonies have a limited variety of
colors: white, black, yellow, magenta, or-
ange and pink. I have produced blue and
green yeast colonies by growing some
species in a culture medium (Color Plate
D No. 2) [30], in the presence of methy-
lene blue, which, in some cases, can be
absorbed by the cells. I have isolated a



new black yeast species from cork and
have explored it according to its capacity
to grow on paper. This black yeast is as in-
trinsic a part of this art project as was the
vibrant ultramarine blue developed by
Yves Klein in 1955 and patented by him
as a new color [31]. The new black yeast
species found during the development of
this work has been taxonomically iden-
tified and deposited at Centraalbureau
voor Shimmelcultures (CBS).

I inoculated the yeast cells onto ster-
ilized watercolor paper soaked with
culture medium and placed on a steril-
ized tray containing appropriated solid
culture medium. The activity of painting
is initiated by the inoculation of yeasts
on the paper medium. Then I incubated
the cultured microorganisms in the wa-
tercolor paper at 25°C. At this stage, the
different strains of yeast cells begin to
grow, invading the whole paper. Dur-
ing the growth process, biofilms and co-
aggregates of cells belonging to differ-
ent species appear, undergoing compe-
tition-cooperation relationships [32,33].
When I consider the painting com-
plete, the microorganisms are killed by
ultraviolet light, leaving their print on
the surface of the paper (see Article
Frontispiece, Figs 1-4 and Color Plate
D Nos. 1 and 2). This last step is an
important part of the creative process,
since it is the artist, through intuition,
who decides when the work is finished,
as has always been the case in art. This
decision transcends the field of bio art
and shares commonality with all artistic
activity.

During the production of biopaint-

ings, the yeast cells undergo all stages of
life processes: growth, maturation, decay
and death [34]. The initial orientation is
set by “painting” the regions where the
yeast cell growth is to begin. After that,
the biopainting process is autonomous
and depends on the relationship be-
tween microorganisms and their growth
conditions. The artist interferes in the
biopainting by inoculating the paper
with more yeast cells and/or by chang-
ing the growth conditions (e.g. by adding
fresh culture medium). This is part of the
creative process.

In some cases, the initial drawing can
be detected by some “defined” lines or
dots in the final painting (as in the case
of Fig. 1). However, in most biopaintings,
the cell growth completely covers the
paper surface, and only a residual trace
of the initial drawing remains (Figs 2-4,
Color Plate D Nos. 1 and 2).

The blue biopainting in Fig. 4 was
made using three distinct yeast species
on a culture medium dyed with meth-
ylene blue: a black yeast (a new species
still to be classified by CBS, black in
color after it is fully grown under appro-
priate conditions), Rhodotorula glutinis
(original color orange; turns to green
when grown with this dye) and Sterig-
mastosporidium polymorphum (originally
a white yeast that becomes blue when
it absorbs methylene blue). This or-
ange Rhodotorula glutinis and the white
Sterigmastosporidium polymorphum easily
absorb the methylene blue, while the
black yeast is not very tolerant to this
compound and does not grow in these
conditions. As a consequence, we only

Fig. 4. Blue yeast biopainting, yeasts grown on watercolor paper, 19 x 28 cm, 2009.
(© Patricia Noronha)

see a faint trace of the initial drawing
made with the black yeast cells (see the
black lines), as its subsequent growth is
inhibited. The black/grey image that we
see is almost solely the result of growing
the species Rhodotorula glutinis and Sterig-
mastosporidium polymorphum colored by a
blue dye.

Due to interactions of cooperation/
competition and reaction to the environ-
ment [35,36], the microorganisms grow
and reorganize themselves on the paper,
often changing the initial drawing com-
pletely. The final pictures are the result
of the growth of biological patterns and
do not present similarities with recog-
nizable images. Biopaintings result from
the artist’s observation of the interac-
tions between the cells and from experi-
mentation with their evolving patterns.
The often unexpected results are part
of the creative process and suggest new
methods to be explored.

I am still experimenting with this
methodology in order to improve the
stability of the colors and the adherence
of the biomaterial to the surface. So far,
the biopaintings presented here have
remained stable for 6-12 months when
covered with a commercial varnish. I se-
lected and tested all the materials and
technical procedures to obtain the de-
sired performance. Using this technique
of painting with microorganisms in a
strictly controlled scientific laboratory,
the artist recovers the craftsmanship of
pigments. However, the fact that yeasts
are microorganisms and the growth is
in a way without control adds an unex-
pected artistic dimension to biopaint-
ings. This predicted under-control has
formal similarities with Jackson Pollock’s
work.

This dialog between art and science
constitutes a new trend in contempo-
rary art, as did the motifs of Holbein’s
painting. The use of new developments
of science to produce art contributes to
the creation of new forms of expression
and to the dissemination of new techno-
logical concepts, bringing to the public
a deeper understanding of the techno-
logical achievements of the modern
world.
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