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Introduction
There has been significant progress in the generation of 

artificial cells since the first studies in the 1960s [1-4], yet to 
date, artificial cells that can replicate autonomously have not 
been reported. Recently, the approaches for generating fully 
operational (self-replicating) artificial cells have been reported 
[5-7]. On the mechanism on underlying the formation of artificial 
cells, it was demonstrated that the artificial cells were covered 
with DNA, (named DNA crown cells,) [8] and were generated when 
they were incubated with white-egg. Thus, DNA crown cells are 
artificial cells which the outside of the membrane were covered 
with DNA and could replicated within egg white. These DNA crown 
cells were formed as follows: first, Sph-DNA mixtures aggregates 
with adenosine-lipids. From aggregates, DNA crown cells were 
constructed with lipids [9,10]. Thus, the mechanism on the 
formation of DNA crown cells became clear. Un-limited DNA crown 
cells could be theoretically prepared. and using the methods, the 
several kinds of DNA crown cells have been synthesized [11-14]. 
The detail on DNA crown cells (discovery, biological preparation,  
synthesis and the mechanism of the formation, and so on) have  

 
been described [6,15-18]. On the other hand, it is not clear whether 
such DNA crown cells can contribute in the applied fields, such as 
biomedicine or bio-industry. Here, to research these problems, it 
was tried to prepare the DNA crown cells (named DNA (S. griseus) 
crown cells) using DNA from Streptomyces griseus which produce 
several kinds of antibiotic and .it was examined whether such DNA 
crown cells were associated with the production of antibiotic. In 
present experiments, it was described that DNA (S. griseus) crown 
cells could be prepared with the method described previously and 
the antibiotic were produced in the co-cultures of yeast (beer). 

Materials and Methods

Materials

The following materials were used:

I. The materials to prepare DNA crown cells: Sph (Sigma, 
USA), DNA (extracted from Streptomyces griseus), adenosine 
(Sigma, USA and Wako, Japan), monolaurin (Tokyo Kasei, Japan) 
Edible white leghorn eggs punched from a market. A-M compound 
(synthesized with the mixtures of adenosine and monoraulin) [10].
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II. The materials to prepare the sample in co-cultures: 
Yeast: Dry Ale Yeast (Safale S-04) (Formentiis Bergy). Medium 
(Molt): Black Rock PISENER (New Zeiland) (These materials were 
involved in Handmade-beer kit (AUBERCRAFT, Okazaki, Japan) and 
was prepared as indicated in explanation. 

III. The materials to test antibiotic

a) Medium: Potato Dextrose Agar (kyodo-nyugyo, Tokyou, 
Japan).

b) Tested bacteria: Dry Bacillus subutiis natto (Daikokuya, 
Nagoya, Japan)

These bacteria were suspended in distilled water (10mg/ml). 

Methods 

Preparation of DNA (S. griseus) crown cells: The generation 
of artificial cells using Sph-DNA-A-M was tested as described above 
[10]. Briefly, 90 μl of Sph (10 mM) and 40μl of DNA (1.7μg/μl) were 
mixed and the mixture was then heated. A-M compound (50 μl) was 
added, then the mixture was injected into the white (albumin) of an 
egg. After injection, eggs were incubated at 37℃ for 7days.

Observation of St DNA (S.grisses) Crown Cells: After 
incubation at 37 °C for 7 days, 1–2ml of egg white potentially 
containing artificial cells was transferred to Dulbecco’ modified 
Eagles’ Medium containing 10% bovine serum (DMEM) and 
incubated at 37 °C for 2 days. A drop of precipitate in culture 
medium was placed on a glass slide after the addition of ethidium 
bromide solution and observed using phase contrast microscopy 
and fluorescence microscopy. 

Maintenance and storage of DNA Crown Cells: DNA crown 
cells were transplanted by inoculating a sample of egg white (0.5ml) 
containing the cells into fresh egg white every about 1 month. The 

part of the white albumin was storage at a storage at temperature 
of  4℃.

Preparation of sample (beer) tested antibiotic: Dry yeast 
(3g) and white egg (15ml) which contain DNA (Str. griseus) crown 
cells in 3 generations were mixed and incubated for 5 hours at 37℃. 
Then, 30ml of beer molts were added and incubated for 2 weeks in 
room temperature. After 2 weeks, old medium was deposit. Then, 
30ml of new molts were added and continue to incubate for room 
temperature. In each time, medium was mixed and about 5~6 ml 
was removed for testing.

i. Sample a: culture fluids after 2 weeks (before medium 
change) 

ii. Sample b: culture fluid in 1 week after medium change

iii. Sample c: culture fluid in 2 weeks after medium change 

iv. Sample d: culture fluid in 3 weeks after medium change 

Preparation of plate to assay antibiotic: Antibiotic assay was 
carried out with agar well methods Tested bacteria (5ml) were 
added to agar (200ml) and mixed. Then, about 15ml of agar were 
pored to a dish. After fixing, a well of about 2cm in diameter each 
dish. were prepared. Then, tested fluid (400μl) were pored to each 
dish and incubated for 18 hours at 37℃. After incubation, inhibition 
zone was observed. 

TLC study on antibiotic: To prepare the samples of TLC, 
Acetone was added to 50ml of sample d. Then, ethyl acetate was 
added to the fluid and concentrated in 5ml. Extracted sample was 
dried and resolved in acetone (100μl) The 20μl was applied on TLC 
plate with Streputomaysin and Chromomysin as a control. Then, 
the plates were developed with chloroform/methanol (80:20) and 
then detected with UV 365 and 254. 

Results and Discussion

Preparation of DNA (S. griseus) Crown Cells

Figure 1: Summarized procedures to prepare and synthesize generated artificial cells (DNA crown cells) [7,12].
Step 1: Sph is added to DNA. Sph-DNA particles are obtained following heating of the mixture.
Step 2: To prepare artificial cells (DNA crown cells), a binding factor is added to the Sph-DNA particles. To synthesize DNA 
crown cells, adenosine-monolaurin (A-M) is added to the Sph-DNA mixture (Sph-DNA-A-M), then monolaurin is added. 
Step 3: Sph-DNA-A-M mixtures are injected into egg white. After incubation for 7 days, cells are recovered from the egg white.
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The methods on preparation of DNA crown cells (artificial 
cells) have been established using several kinds of DNA [10,12,13]. 
Summarized procedures to prepare artificial cells (DNA Crown 
Cells) have been shown in previous report [7], however, the 
methods were again shown in Figure 1 

a) Step1: Sph and DNA were mixed, and heated, Sph-DNA 
particles were obtained. 

b) Step 2: Binding factor was added to Sph-DNA particles.

Here, A-M compounds as a binding factor were added to Shp-
DNA particles.

Sph-DNA-A-M mixtures were formed. After the addition of 
monolarin, DNA crown cells were formed without egg white.

c) Step 3: Multiplication of DNA crown cells within egg white

DNA crown cells could be multiplied within egg white: In 
use of DNA from Streptomyces griseus, Sph was mixed with DNA (S. 
griseus) and heated. Then, A-M compounds were added to Sph-DNA 
mixtures. the mixtures were incubated in egg-white. After 7days of 
incubation, the egg-white was removed and then incubated within 
egg white of new egg. After the transplantation of 3~5 times (3~5 
generations), egg white were removed and DNA (S. griseus) crown 
cells were recovered from egg white with the incubation of D-MEM. 
DNA (S. griseus) crown cells in three generations are shown in 
Figure 2. Many cells of various sizes (approximately 2~30μm) were 
observed in rings like shape (Figure 2). Typical cells were shown 
in Figure 3. Ring shaped cells were observed under phase contrast 
microscopy (Figure 3a), Russell light was observed in the cells 
under fluorescence microscopy (Figure 3b), suggesting that they 
contain DNA. These findings indicate that DNA (S. griseus) crown 
cells were formed from the Sph-DNA-A-M mixtures.

Figure 2: Preparation of generated DNA (S. griseus) crown cells. Sph was added to DNA. After heating, A-M was added to the 
Sph-DNA mixture, followed by the addition of monolaurin. The mixtures contained DNA crown cells were incubated in egg 
white. The egg white was transferred into a new egg every 7 days. An aliquot of third generation egg white (2ml) was cultivated 
in Dulbecco Modified Eagle’s Medium containing 10% bovine serum at 37°C for 2 days. The precipitates were observed using 
phase contrast microscopy and fluorescence microscopy. Various-sized cells were observed under phase contrast microscopy 
(Figure 2). a and c is approximately 20 μm b and d is approximately 4 μm. e is approximately 30μm.

Figure 3: Typical DNA (S. grises) crown cells were observed using phase contrast microscopy (Figure 3a). Russert light was 
observed on the surfaces of the cells using fluorescence microscopy, indicating the presence of DNA on the surfaces of the cells 
(Figure 3b). Figures 3a and 3b show the same field of view. Scale bar is 20mm.

Obvious characteristics of DNA (S. griseus) crown cells are

a) The structure is a large loop of DNA

b) The cells can replicate in egg white.

These observations are similar to those of other DNA crown 
cells which were described previously.
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Antibiotic production in co-cultures 

Update, it was described that many kinds of DNA crown cells 
could be prepared. However, it is unclear whether these DNA crown 
cells could be contributed in applied fields, especially, bio-industry. 
Here, to research these problems, first, it was tried to prepare 

DNA crown cells (named DNA (S. griseus) crown cells) using 
DNA of Streputomysec griseus which produced Chromomycin or 
Strepuomycine. The second, it was examined whether antibiotic 
was produced with the co-cultures of yeast and egg white contained 
DNA (S. griseus) crown cells. The methods to obtain sample were 
shown in Figure 4 .

Figure 4: Preparation of sample tested antibiotic Yeast was mixed with egg white which contain DNA crown cells. The mixtures 
were incubated at 37 oc for 5 hours. Then, new molts were added (A) and incubated for 2 weeks at room temperature. After 
2 weeks, old medium was removed, and new molts were added and continue to incubate in room. At each time point, about 
5-6ml of medium was removed for testing (B).

i. Procedure 1: Yeast was mixed with egg white which 
contained DNA (S. griseus) crown cells. Then, the mixtures were 
incubated for 5 hours at 37℃.

ii. Procedures 2: After incubation, the upper fluid in 
the mixtures were removed and new molt was added to the 
mixtures. Then, the mixtures were incubated for 14 days at room 
temperatures (approximately 20℃). 

iii. Procedures 3: After 2 weeks of incubation, the old molt 
was removed, and new molt was added (medium change). The part 
of the old molt was collected and used as a sample (a). 

 The molt which was carried out the medium change were 
further incubated at room temperatures. Then, 

After 1 weeks of incubation, the upper fluid was collected and 
used as a sample (b). After 2 weeks of incubation, the upper fluid 

was collected and used as a sample (c). After 3 weeks of incubation, 
the upper fluid was collected and used as a sample (d). Each sample 
was collected three times within a 2~3 days and antibiotic assay 
was tested. Here, the prove on whether antibiotic was produced 
were based on whether the clear zone was observed. No antibiotic 
was found in sample a (Fluid after 2 weeks incubation). Also, no 
antibiotic was founded in sample b and sample c. The result in 
sample b was shown in Figure 5a as a negative example. No clear 
zone was founded, indicating that antibiotic was not contained in 
the sample. Samplings in sample d were carried out three times 
and antibiotic were found in a sampling of one time. The clear zone 
was observed as shown in Figure 5b, indicating that antibiotic was 
contained in sample d. Thus, the results indicated that antibiotic 
was produced with the co-cultures of yeast and egg white which 
contained DNA (S. griseus) crown cells. 

Figure 5: Antibiotic production Tested bacteria (Bacillus subcilis (natto) were added to agar. Then, it was pored to a dish. After 
fixing, a well was prepared. Tested sample (400μl) was pored and incubated for 18 hours at 37oc. After incubation, inhibition 
zone was observed Inhibition zone was not observed in sample a (Figure 5a), suggesting that antibiotic was not produced. 
Inhibition zone was not observed in sample b and c, respectively (Data not shown). Inhibition zone was observed in sample d 
(Figure 5b), suggesting that antibiotic was produced.

TLC study on antibiotic

Sample (d) was treated with acetone and concentrated. 

Bactericidal ability did not lost with the treatments (data not 
shown). The sample was spotted on the TLC plates. Then, the 
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plates were developed. Band of samples were not fond in the RF 
value of Chromomycin and Streptomycin, respectively. (Data was 
not shown). The facts showed that antibiotic which was produced 
with the co-cultures differ from Chromomycin or Streptomycin. It is 
well known that DNA from bacteria is transferred into eukaryotes 
in trans-king dome conjugation) [19,20]. Therefore, I expected that 
the Chromomycin or Streptomycin were produced with the transfer 
of DNA crown cells (or their DNA) to yeast. However, in present 
experiments, it is not possible to clear whether the transfer occur. 
Therefore, now, there are several unresolved problems on the 
mechanisms of antibiotic production. Especially, why dose it takes 
for long time (over 5 weeks) until antibiotic was produced, During 
the time, what happen between DNA crown cells and yeast. Also, 
antibiotic production was observed in one case. why antibiotic 
production was not observed in all cases. Thus, it is unclear whether 
DNA crown cells are directly associated with the production of 
antibiotic or egg white-components are associated. It is under 
studying to resolve these problems including the identification 
of antibiotic, its’ biological functions (anticancer, antibacterial 
spectrum and so on) of the antibiotic and weather DNA crown 
cells or the components were incorporated into yeast, moreover, 
yeast which produce antibiotic could be cloning. Thus, though it is 
studying on the mechanisms on the antibiotic production, it may 
be told that antibiotic of new type or potential antibiotic were 
produced with yeast in the co-cultures. On the other hand, it may 
be good results for apply these cells, or their egg white in the fields 
of bio-industry, because the procedures is very easy, and then 
beer containing antibiotic were produced in large scale. Namely, 
the production of antibiotic or functional beer with antibiotic was 
produced with present co-culture systems. If obtained antibiotic 
was effective and beer were proved in the safety, it may be actually 
used in the fields of medicine or healthy drink. Moreover, the 
present experiments expected to develop in the fields of fermented 
industry using Yeast. 

Conclusion
Here, first, it was described that generating DNA (S. griceus) 

crown cells could be prepared. Second, it was demonstrated that 
antibiotic was produced in the co-cultures of white egg which 
contained DNA crown cells and yeast (beer). Now, it is unclear 
whether DNA crown cells are directly associated antibiotic 
production. However, it is expected that the production of antibiotic 
or beer with antibiotic was developed. The present experiments 
showed a possibility which it may be applied in the fields of bio 
(fermented) industry using yeast.
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