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INTERACTION BETWEEN PHAGES AND BACTERIA AS A TOOL
FOR THE OBTAINING OF IMAGES

The obtaining of images by lytic action of bacteriophage T4 on the Escherichia coli bacterial lawn is considered. Methodical
aspects of the approach are discussed, namely, use of different stencil types, total and partial staining of obtained image by dif-
ferent dyes. The perspectives of the practical use are proposed namely restriction of the action of microorganisms in out-of-the-

way places etc.
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Introduction. Creation of images by controllable
culturing of microorganisms in certain patterns (microbial
art) now became a very special branch of skill at the
interface between science and art [2]. In this case agar
plates can be considered as a background, while
pigmented or fluorescent bacteria or yeasts represent the
paint. In the first case it can be performed by the applica-
tion of the microorganisms with the intensively colored col-
onies. Another approach based on the using transgenic
bacteria expressing fluorescent protein genes [3]. In this
case images can be visible in ultraviolet light.

Images as well can be obtained by the growth of mi-
croscopic green alga on the nutrient medium [4]. In this
case exposing different areas of the algal lawn to light
over varying intervals of time changes their colors along
the green spectrum.

In all these approaches the stiff nutrient medium (agar) is
used as a background, where the image can be formed as the
result of the growth of the bacterial colonies as well as by the
change of the color of the medium or by the combination of
these factors. In both cases bacteria appear as a tool.

However the authors did not found any scientific publi-
cation, where bacterial lawn itself was used as the as a
background and the image was formed by the lytic action

Agar 1,50;03

Agar 0,7%+E.coli :

lytic zone.

of the virus (bacteriophage). Whereas the mentioned ap-
proach could be used not only with artistic aim but for the
practical use.

The aim of this work was to demonstrate a possibility to
obtain the image on the bacterial lawn by the Iytic action of
the bacteriophage on the example of the bacteriophage T4
and Escherichia coli.

Materials and methods. For the obtaining of the bac-
terial lawn by the standard metod [1] the 1,5% agar with
the nutrient medium was disposed to the Petri dishes. After
the congelation of the solid medium its' surface was coated
by the 0,7% agar containing Escherichia coli culture (con-
centration about 10° cells per ml).

For the introduction of the virus on the bacterial lawn
the use of the micropipette and the application of the pre-
liminarily autoclaved stencil from printing or filter paper
were combined.

After the chilling of the substrat the stencils were ap-
plied and the preparation of the bacteriophage T4 (concen-
tration 108 PFU (plaque-forming unit) per ml was introduced
at the stencils by micropipette. Samples obtained by such a
way were incubated during the twenty-four hours at +37°C.

The scheme of the experiment is shown on the Fig.1.
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Fig.1.The scheme of the experiment

After the incubation the stencils were removed and
the samples were stained by Coomassie blue R-250
(Coomassie blue 100mg, methanol 50 ml, acetic acid
10 ml, H20 40ml or fuchsine (1 ml of concentrated solution
— 9g of fuchsine in 100 ml of ethanol — diluted in 10 ml of
H20) with further fixation by the 7% acetic acid.

Results and discussion. For the obtaining of the
image by the lytic action of the bacteriophage several
approaches were applied. At the first series of the experi-

ment stencils made from printing paper and filter paper
were compared. It was demonstrated, that generally the
use of filter paper stensil (Fig.2a) allows one to obtain more
accurate and controllable image, than the use of the print-
ing paper stensil (Fig.2b). This result can be explained by
the porous structure of the filter paper which provides more
regular and controllable penetration of the bacteriophage to
the stencil. As the result more uniform distribution of the
bacteriophage to the bacterial lawn can be achieved in
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comparison with the print paper stencil. The last one can
not absorb virus containing liquid effectively and therefore
can not then distribute it regularly to the bacterial lawn
causing the forming of wide area of lytic zones. Also It was

shown, that the wetting of the whole stencil in the phage
preparation instead of the using the micropipette for the
application of the virus containing liquid leads to the total
lysis of the bacterial lawn (data not shown).

Fig.2. Unstained images, obtained by the lytic action of the bacteriophage T4 on the Escherichia coli:
a — using filter paper stencil, b — using printing paper stencil

In the second series of the experiment the possibility of
the use of the reversed stencil (where the image is formed
not by the lytic zone but by the zone of bacterial growth)
was demonstrated (Fig.3) However this approach is more

restricted because of the fact, that in this case the zone of
lysis is more wide and thereof less controllable. Besides,
this approach is more labor-consuming.

Fig.3. Image obtained by the use of the reversed stencil (stained by fuscine)

Also the possibility of the partial staining of the obtained image (namely, only zone of lysis) was explored (Fig.4). It gives
an opportunity to obtain polychrome images using available colorants (for example, Coomassie blue, fuchsine).

Fig.4. Partially stained by Coomassie blue image
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Summarizing the above it should be noted, that it was
the firs time when the graphical image was obtained by the
Iytic action of the virus on bacteria. This approach could be
used not only for the artistic aims but as well for the practi-
cal use, for example, for the restriction of the action of mi-
croorganisms in out-of-the-way places.

References

1. Carlson K. Bacteriophages: Biology and Applications. Appendix:
Working with bacteriophages: Common techniques and methodological
approaches / K. Carlson, E. Kutter, A. Sulakvelidze. BocaRaton: CRC
Press, 2005. — 528 p.

M. BonToBeub, kaHA. 6ion. Hayk
IHcTUTYT chismkm Ta HaniBnpoBiaHukiB HAH Ykpainu, Kuis, YkpaiHa,
P. PatygHumn, inxeHep

2. Torrice M. Petri dish artists / M. Torrice // Science. — 2009. —
Vol. 326, P.777.

3. http://www.livescience.com/20687-fluorescent-bacteria-art.html

4.  http://distractify.com/old-school/2014/08/08/lia-giraud-algaegraphs-
1197777237

References (Scopus)

1. K. Carlson, E. Kutter, A. Sulakvelidze. Bacteriophages: Biology and
Applications. Appendix: Working with bacteriophages: Common techniques
and methodological approaches / BocaRaton: CRC Press, 2005. — 528 p.

2. Torrice M. Petri dish artists / Science. — 2009. — Vol. 326, P.777.

3. http://www.livescience.com/20687-fluorescent-bacteria-art.html

4.  http://distractify.com/old-school/2014/08/08/lia-giraud-algaegraphs-
1197777237

Received to editorial board 06.10.17

HaykoBo-TexHi4HuI LeHTp nepepoBux TexHonorin HAH Ykpaiuu, KuiB, YkpaiHa,

B. MeTtnboBaHa, kaHA. 6ion. Hayk, T. LLleBYeHko, kaHA. Gion. Hayk

KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LLleBueHka, KuiB, Ykpaina

B3AEMO3B'A30K PArB TA BAKTEPIU AK IHCTPYMEHT OTPUMAHHA 30BPAXKEHb
Po3ansHymo ompumaHHsi 306paxkeHb Wiisixom imu4Hoi Oif 6akmepioghaza T4 Ha 6akmepianbHuli 2a3oH Escherichia coii. 0620eoprorombcsi MemoOdu-
4Hi acnekmu nioxody, 30KkpemMa, UKopucmaHHs1 wabsoHie pi3HuUx murie, NnoeHe ma Yyacmkose ¢hapbyeaHHs1 OIMPUMaHO20 306paXKeHHs1 Pi3HUMU 6apeHUKa-
Mu. 3anpornoHoeaHo MOXJ1U8i MepcrieKmMueu 8UKOPUCMAaHHS, 30KpemMa, o6MexxeHHs1 Oil MikpoopaaHi3mie y eaXKo0ocmynHuUX MiCUsiX.
Knro4oei cnoea: 6akmepiogpaz, Escherichia coii, nimu4Ha 0isi, nimu4Ha 30Ha.
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B3AMMOCBA3b ®AIrOB U BAKTEPUU KAK MHCTPYMEHT NOJNTYYEHUA U3OBPAXXKEHUU
PaccmompeHo nony4eHue usobpaxeHull mymem numuyeckoz2o delicmeusi 6akmepuoghaza T4 Ha 6akmepuanbHbili 2a30H Escherichia coii. O6-
cyx0daromcsi MemoduvecKue acrekmsl noxoda, 8 YaCMHOCMU, UCMo/Ib308aHuUe wWabloHO08 pa3HbIX MUIMOoS, MOJIHOe U Yacmu4yHOe OKpawueaHue
Mosly4eHHo20 u3o6paxeHusl pa3nuyHbIMU Kpacumensmu. [pednoxeHbl 803MOXHbIE MepcrneKmueb! UCMOob308aHUs], 8 YaCMHOCMU, 02paHuYeHue

Jdelicmeusi MUKpPOOp2aHU3Mo8 8 mpyOHOO0CMYNHUX Mecmax.

Knroyeenie cnoea: 6akmepuogpaz, Escherichia coii, numu4eckoe delicmeue, numu4eckasi 30Ha.
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TEST SYSTEM BASED ON ROOT EXUDATES FOR HIGH-YIELDING
COMMON BUCKWHEAT (FAGOPYRUM ESCULENTUM MOENCH.) FORM SCREENING

A new effective non-invasive method of screening of highly productive forms of buckwheat sowing (Fagopyrum esculentum
Moench.) based on rapid testing of buckwheat seedling intensity exudation of organic acids root system in the laboratory is of-
fered. Buckwheat seeds were germinated on agar gel layer which contains in its composition acid-base indicator followed by
visual assessment of the indicator color changes around primary root and plants with the largest area of color change were se-
lected. The effectiveness of the method was confirmed in the field conditions by phenotyping of plants and significant differ-
ences in determining the structure and yield performance of selected plants were found. Statistical analysis of indicators grain
number and grain weight showed that these indicators in selected plants were over 6 times higher than in the control variant with

the degree of reliability of 99%.
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Introduction. Buckwheat is a well known valuable ag-
ricultural cereal culture used traditionally in the food indus-
try of Ukraine. However, due to the peculiarities of the sec-
ondary metabolism this culture can be widely used in the
pharmaceutical and medical industries as a source of a
significant amount of bioactive substances [1]. But buck-
wheat may not have the performance as cereal crops be-
cause of their biological characteristics. At the same time
the potential of buckwheat are not always used sufficiently.
Development of new methods of selection can greatly af-
fect the disclosure of genetic potential of the crop and ex-
pand its use. Taking into account the substantial value of
buckwheat in the food industry the search for effective and
rapid methods for the selection of high-performance forms

of culture do not stop. Development of new methods re-
quires complex analysis and improvement and modification
of previous methods of selection.

Most known methods of selection of high-performance
forms of buckwheat is selection at the stage of budding or
flowering plants [2, 3, 4]. They are held on the last pheno-
logical phases of plant development and aimed at creating
productive large inflorescences. A method of selecting
plants for buckwheat complex features [5] is that plants are
selected for buckwheat sign of breeding and structure
characteristics at the crop ripening phase. Plants selected
are propagated via meristem culture in vitro, encouraging
re-blooming. Seeds from regenerative plants are got by
directed re-pollination with known genotypes. The essence
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