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Introduction
Several approaches have been reported for generating fully operational (self-replicating) 

artificial cells [1,2]. In one approach, such artificial cells are covered with DNA (yielding a cell 
type called DNA crown cells) [3] and incubated in egg white. In theory, unlimited classes of 
DNA crown cells could be prepared; in practice, the method has been used to generate several 
kinds of DNA crown cells [4-7]. To clarify whether such DNA crown cells can contribute to 
fields such as biomedicine or bio-industry, experiments were performed demonstrating 
that antibiotic is produced by co-cultures of yeast (beer) with DNA crown cells covered 
with DNA from the antibiotic-synthesizing Streptomyces griseus [8]. Previous experiments 
have suggested that antibiotics are produced from the beer in such co-culture systems. 
However, such co-culture systems present several problems that must be resolved to facilitate 
contribution in the relevant fields of applied science.

One of these challenges is length of time required before antibiotic production is obtained. 
For example, antibiotic production takes 5 weeks for co-culture in 10L of malt with egg 
white [8] or 17 days for co-culture in 30mL of malt with purified cells [9]. The experiments 
described here sought to clarify the mechanism of antibiotic production, especially with 
respect to the time required to achieve antibiotic production. Notably, I demonstrated that 
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antibiotic production was obtained in 5 days with small-scale 
co-cultures of yeast and DNA crown cells in 1mL of malt, but the 
initiation of antibiotic production resulted in the inhibition of yeast 
growth (and possibly yeast cell death). Based on these findings, we 
propose a mechanism for antibiotic production by co-cultures of 
DNA crown cells and yeast.

Materials and Methods

Materials
The following materials were used:

A. The preparation of DNA crown cells employed the 
following materials: 

Sphingosine (Sph) was obtained from Tokyo Kasei (Japan). 
Adenosine was obtained from Wako (Japan). DNA was extracted 
from Streptomyces griseus. Monolaurin was obtained from Tokyo 
Kasei (Japan). Edible White Leghorn eggs were purchased from 
a local market in Japan. The A-M compound was synthesized as 
mixtures of adenosine and monolaurin as described previously 
[10].

B. Co-cultures employed the following materials: 

Yeast was obtained as Dry Ale Yeast (Safale S-04) from 
Fermentis Bergy. The malt medium was obtained as Black Rock 
Pilsner (New Zealand). These materials were used in combination 
with an AUBERCRAFT (Okazaki, Japan) handmade-beer kit, as 
described in the kit instructions. Dulbecco’s Minimal Essential 
Medium (D-MEM) was purchased from Sigma-Aldrich. Complete 
medium consisted of D-MEM supplemented with 10% bovine 
serum (FBS; Sigma-Aldrich,USA) 

C. Antibiotic production testing employed the following 
materials: 

The medium consisted of Potato Dextrose Agar (PDA), 
purchased from Kyodo-Nyugyo (Tokyo, Japan). The testing bacterial 
strain was Bacillus subtilis natto, obtained as a freeze-dried stock 
from Daikokuya (Nagoya, Japan) and suspended at 10 mg/mL in 
sterile distilled water prior to use in testing.

Methods 

Preparation of DNA (S. griseus) crown cells : Artificial cells were 
generated using Sph-DNA-A-M as described previously [8]. Briefly, 
Sph and DNA were mixed, and the mixture then was heated. A-M 
compound was added. After injection of the mixture, eggs were 
incubated at 37 °C for 7 days. The egg white then was recovered 
from the injected eggs and combined with yeast.

Separation of DNA crown cells from egg white : In the present 
experiments, DNA crown cells were purified using D-MEM as 
described previously [3]. 

Preparation of sample (beer) to test growth of yeast: The first 
experiment was performed as described previously [9]. Briefly, dry 
yeast (1g) and DNA crown cells that were purified from 6mL of egg 
white in 4 generations (four cycles of passage from one egg from 

the next) were mixed and incubated for 5 hours at 37 °C. Next, the 
yeast-DNA crown cell mixture (1mL) was combined with 30mL 
of beer malt, and the mixture was incubated for 18 days at room 
temperature. The resulting co-culture then was examined for the 
production of antibiotic and for the cultivation of yeast. 

Preparation of sample (beer) to assay antibiotic in small-
scale co-culture: In the second experiment, dry yeast (3mg) and 
purified DNA (S. griseus) crown cells purified from 2mL egg white 
were combined with 1mL of D-MEM complete medium, and the 
mixture was incubated for 5 hours at 37 °C. Next, the resulting 
mixture was distributed at 50µL/tube to three microfuge tubes 
containing 1mL malt each; the tubes then were incubated for 5 days 
at room temperature. The resulting spent medium was used to test 
antibiotic activity. Next, the malt from the three tubes incubated 5 
days at room temperature was sub-cultured. Specifically, the malt 
was distributed at 50µL/tube to five microfuge tubes containing 
1mL fresh malt each; the tubes then were incubated for 5 days at 
room temperature. The resulting spent medium was used to test 
antibiotic activity. 

Microscopic observation and cultivation of samples: The 
yeast in malts of the first experiment were spotted to glass slides 
and observed by light microscopy. Additionally, 1mL of each of 
the same samples were cultured for 7 days at room temperature 
using Compact DryR YM medium (Nissui, Japan) according to the 
manufacturer’s instructions.

Preparation of plate to assay antibiotic production: The 
antibiotic assay was carried out using the agar well method, as 
described previously [8]. Aliquots (5mL) of the test bacteria 
were mixed with 200mL agar. Aliquots (approximately 15mL/
plate) of the resulting bacteria-agar mix were dispensed into Petri 
plates. Following solidification, a well of about 2cm in diameter 
was generated in each plate. The test fluid (400µL/sample) was 
dispensed into each well (each dish), and the plates were incubated 
for 18 hours at 37 °C. After incubation, the size of the inhibition 
zone was observed.

Results and Discussion

Antibiotic production and cultivation of yeast in co-
cultures 

To investigate whether DNA crown cells might contribute to 
applied science, I performed co-culture of yeast with DNA crown 
cells prepared in the presence of DNA from S. griseus (designated 
DNA (S. griseus) crown cells). S. griseus produces both chromomycin 
and streptomycin; the strain of yeast was one employed for 
beer fermentation. The co-culture system was assessed for the 
production of antibiotics. Notably, similar systems have presented 
several problems for antibiotic production in previous experiments. 
One of these challenges was the length of time required to achieve 
antibiotic production. For example, previous experiments showed 
that antibiotic synthesis takes 5 weeks in co-cultures of yeast 
and egg white-grown DNA (S .griseus) crown cells, and 15 days 
in co-cultures of yeast with purified DNA (S. griseus) crown cells. 
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Therefore, the present study sought to resolve why it takes such a 
long time to achieve antibiotic production in such systems.

In the first experiment, the co-cultures of yeast with DNA 
crown cells were carried out according to the previously described 
methods. The results (data not shown) confirmed that antibiotics 
were produced after 18 days of co-culturing. Next, 1-mL aliquots 
of the resulting malts were combined with yeast growth medium 

(Compact DryRYM), and the mixtures were incubated for 3~7 days 
at room temperature. No colonies were observed (Figure 1a & 
1b), suggesting that these yeast were no longer viable. In parallel, 
a drop of the same sample (malt) was placed on a glass slide and 
observed by light microscopy. The presence of yeast with standard 
morphology was confirmed (Figure 2), but these cells were not 
further characterized. 

Figure 1a: The appearance of plates after cultivating the malt from 18-day co-cultures of yeast with DNA crown 
cells, conditions that were shown to result in antibiotic production. No colonies were observed, suggesting that 
any remaining yeast were unable to grow. 
Figure 1b: Culture of yeast as a control. Blue colonies were observed.

Figure 2: Microscopic observation of yeast in the malt from the antibiotic-producing co-culture used in Figure 
1a.
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Experiments at small scales and the antibiotic 
production after sub-culturing 

The next experiments were carried out using microfuge tubes 
containing 1-mL aliquots of malts. In short, DNA crown cells that 
were purified from 2mL of egg white were combined with yeast 
(approximately 3 mg/tube) in 1mL of D-MEM and incubated for 5 
hours at 37 °C. Next, 50-µL aliquots of each co-culture were added to 
each of three tubes (designated a, b, and c) containing 1mL of malt 
each, and incubated for 5 days at room temperature. The resulting 

spent media were subjected to antibiotic testing. Clear zones were 
found for samples from all three tubes (data not shown), suggesting 
that antibiotic was produced at 5 days in these co-cultures. Next, 
50-µL aliquots of the antibiotic-containing contents of the c tube 
were sub-cultured in each of 5 tubes (designated a-e) containing 
1mL of fresh malt each. These sub-cultures were incubated for 5 
days at 37 °C, and the resulting spent media again were subjected to 
antibiotic testing. Clear zones were found for samples from all five 
tubes (Figure 3), suggesting that antibiotic production persisted 
after sub-culturing. 

Figure 3: Clear zones were observed in wells of samples from subculturing tubes a, b, c, and d. 
Initial co-cultures of DNA crown cells with yeast were carried out in 1mL malt for 5 days. After the detection of 
antibiotic in the malt, 50µL of the malt were added to each of 5 tubes of 1mL malt each and further incubated 
for another 5 days. Then, 400µL samples from each tube were subjected to antibiotic testing. Clear zones were 
observed for samples from all 5 tubes; the results for the first 4 tubes are shown in Figure 3.

On the other hand, no antibiotic production was observed in 
next round of sub-culturing. Regarding the mechanism of antibiotic 
production, many problems remain. One of these is that it takes 
a long time (5 weeks) until antibiotic is detected for co-cultures 
performed using egg white [8].To address this problem, DNA crown 
cells were purified from egg white and the resulting purified cells 
were used for the production of antibiotic. In this case, antibiotic 
production was found after 17 days of co-culturing of DNA crown 
cells and yeast [9], a result that was confirmed in the first experiment 
of the present study. Such results using cells without egg white 
suggested that the antibiotic production may be mediated by direct 
interaction of DNA crown cells and yeast. In the second experiment 
of the present study, DNA crown cells from 2mL of egg white were 
combined with yeast in small-scale (1-mL) cultures. In this case, 
antibiotic was produced after 5 days of co-culturing. At such a small 
scale (1mL), an increased ratio of contact is expected between DNA 
crown cells and yeast, and the concentration of antibiotics that are 
produced may be higher; as a result, antibiotic production may 
be detected at an earlier time (after 5 days) than was seen for co-

cultures using malts at larger scales (e.g., volumes of 10L or 30mL).

On the other hand, to date, it remains unclear how contact 
between DNA crown cells and yeast is established in the co-
cultures. It is well known that DNA from bacteria can be transferred 
into eukaryotes (trans-kingdom DNA transfer) [11], as has been 
seen under the microscope; however, it is very difficult to prove, 
by microscopic observation alone, whether antibiotic production 
in the present study involves the phenomenon of trans-kingdom 
DNA transfer [12]. In the present work, it was shown that yeast 
that had been co-cultured with DNA crown cells could not grow, 
an observation that correlated with antibiotic production. The 
results suggested that DNA crown cells may alter some aspects of 
yeast growth. It is well known that many genes, including those for 
antibiotic expression, are silent in yeast under normal conditions. 
We hypothesize that such genes may be expressed following 
stimulation by DNA crown cells.

As described above, it is possible that DNA crown cells cause 
some damage to yeast, possibly killing the yeast. In this case, it will 
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be important to clarify how DNA crown cells stimulate or kill yeast. 
Such investigations also may clarify the function(s) of DNA crown 
cells.

Thus, based on the present and previous experiments, the 
following model is proposed for the mechanism of antibiotic 
production in systems employing the co-culture of DNA crown cells 
and yeast.

a. The time until antibiotic is detected is influenced by the 
ratio of yeast and DNA crown cells and the 

volume of malt used.

b. Antibiotic is produced as a result of direct contact between 
yeast cells and DNA crown cells. 

c. Following the antibiotic production, the yeast die or 
otherwise become inviable. Any remaining yeast that continue to 
grow and produce antibiotics may remain in direct contact with 
DNA crown cells, which are providing some new functions that 
contribute to the maintenance or killing of these yeast.

Several problems remain to be addressed to confirm this 
proposed model. Notably, it is unclear whether DNA crown cells 
maintain these proposed functions for extended intervals (e.g., for 5 
weeks in 10-L volumes of malt), how yeast are killed or inactivated, 
etc.
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