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Abstract

Synthesized DNA crown cells can be synthesized using sphingosine (Sph)-DNA-adenosine-monolaurin compounds, and DNA crown 
cells were prepared using egg white. In previous experiments, it was demonstrated that antibiotic was produced in co-cultures of 
yeast and DNA (Streptomyces) crown cells, and that antibiotic-producing cells were separated from beer, from objects that were 
formed in the cultures of synthetic DNA (Streptomyces) crown cells and from the egg-white powder which enclosed DNA (Strepto-
myces) crown cells and yeast. Antibiotic-producing cells could be separated with the stimulation of egg white or monolaurin.

Here, it was examined whether antibiotic-producing cells could be separated using other DNA (HepG2) crown cells. The results 
showed that antibiotic-producing cells could be separated from agar cultures produced using powdered DNA (HepG2) crown cells 
with yeast enclosed within egg white. These cells were named antibiotic producing Crown-HepG2-Yeast cells.
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Introduction
Self-replicating artificial cells were first reported in 2012 [1] 

and the principal methods to prepare these artificial cells were re-
ported in 2016 [2]. These cells were referred to as DNA crown cells 
in 2016 by the present author [3]. Their exterior consists of DNA. 
Synthetic DNA crown cells were synthesized using the following 
four common commercial compounds: Sphingosine (Sph), DNA, 
adenosine, and monolaurin. The cells developed into fully self-rep-
licating DNA crown cells when incubated in egg white.

In previous studies, various types of objects were observed 
when monolaurin-treated synthetic DNA (E. coli/Human placenta/
Ascidian, Streptomyces) crown cells were cultured with or without 
egg white on agar plates [4-7].

On the other hand, it was demonstrated that antibiotic-produc-
ing cells could be isolated from beer. These cells were produced in 
co-cultures of DNA crown cells with yeast [8] and from the objects 
that were created on agar plate cultures of synthetic DNA (Strepto-
myces) crown cells and monolaurin or egg white [9].

In addition, antibiotic-producing cells were separated from 
egg-white powder which enclosed DNA (Streptomyces) crown cells 
and yeast [10]. These examples of antibiotic production or the pro-
duction of antibiotic-producing cells were demonstrated using DNA 
(Streptomyces) crown cells, which have a gene for antibiotic syn-
thesis.

In the present experiments, it was examined whether antibiotic 
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production was observed in DNA crown cells other than DNA (Strep-
tomyces) crown cells. The findings showed that antibiotic-produc-
ing cells could be separated in agar cultures of egg-white powder 
that had been used to enclose DNA(HepG2) crown cells with yeast. 
These new cells are named antibiotic crown HepG2-yeast-cells-ap.

Materials and Methods
Materials

DNA (HepG2) crown cells were prepared previously [11-13] 
and used in this study. However, the methods are repeated here 
for clarity and convenience. The materials used were the same as 
those employed in previous studies [11-13]: Sph (Tokyo Kasei, 
Japan), DNA (From HepG2 cells), adenosine (Sigma-Aldrich, USA; 
Wako, Japan), monolaurin (Tokyo Kasei,), and adenosine-mono-
laurin (A-M), a compound synthesized from a mixture of adenosine 
and monolaurin [12,13]. Monolaurin solutions were prepared to 
a final concentration of 0.1 M in distilled water. Agar plates were 
prepared using standard agar medium (SMA) (AS ONE, Japan), and 
dry ale yeast (SafAle S-04) was obtained from Formentis (Marcq-
en-Barœul, France).

Other reagents included: Dulbecco’s minimal essential medi-
um (D-MEM) (Sigma), bovine serum (Sigma), potato dextrose agar 
(PDA) (Kyodo Nyugiou, Tokyo, Japan), and Bacillus subtilis (Dai-
kokuya, Nagoya, Japan).

Methods

Preparation of synthetic DNA (HepG2) crown cells [11-13]. 
Briefly, Sph (10 mM) and DNA (0.3 µg/µL) were combined, and the 
mixture was heated and cooled twice. Then, A-M solution was add-
ed and the mixture was incubated for 15 minutes at 37℃.

After monolaurin solution was added, the mixture was incubat-
ed for 5 minutes at 37℃.

The suspension (0.2~0.3 ml) of these synthetic DNA(HepG2) 
crown cells was then added to egg white and incubated for 7 days 
at 37°C. Then, the egg white was recovered and used as DNA for 
(HepG2) crown cells. 

Powder was prepared as described previously [10].

1)	 First, 3 ml of yeast suspension (10 mg/ml) was mixed with 3 
ml of egg white.

2)	 The mixture was then incubated for 5 hours at 37℃.

3)	 Then, about 25 ml of fresh egg white was added to the mixture.

4)	 The fluids were plated onto two Petri dishes and dried for 1-2 
days at 37℃.

5)	 The dried material was then collected and used to prepare a 
powder using a mortar.

6)	 The powder (Figure 1), named Antibiotic crown HepG2-Yeast-P, 
was stored at room temperature and used as necessary. 

Figure 1: Powder used in the experiments.

To prepare the samples for antibiotic analysis, a small amount 
(40~50mg) of powder was added to each agar plate and incubated 
for 2 days at 37℃.

Then, approximately 1.5 ml of 0.1 M monolaurin solution was 
poured onto each plate, which was incubated for 2 days at 37℃. 
About 5.0 ml of distilled water was then added to each plate and 
dispersed on the plate surface. Then, the objects on the plate were 
recovered. A 200 µL of the recovered objects was incubated in 5 ml 

of D-MEM containing 10% bovine serum for 1 and 3 days at 37℃. 
The culture liquid was used as the sample A for testing.

In addition, 200 µL of collected sample was poured into an 
agar plate and incubated for 1 day at 37℃. Then, picking cultured 
objects were incubated in 5 ml of D-MEM containing 10% bovine 
serum for 2-5 days. This culture fluid (sample B) was used for the 
antibiotic assays. The rest of the sample was stored after treatment, 
as described below.
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Preparation Antibiotic ASSAYS 

The antibody assay was carried out using the agar well method, 
as described previously [8]. Briefly, the test bacteria (Bacillus sub-
tilis) were mixed with agar medium and poured onto Petri plates. 
A well was prepared in each plate and the test fluid (about 400 µL) 
was added to the well. The plates were then incubated for 2 days at 
37℃. After incubation, the zone of inhibition was observed.

The remainder of the sample was diluted in a total of 5.0 ml 
of distilled water and added to about 10 ml of egg white solution. 

After mixing, the samples were dried in a dish within an incubator 
at 37℃ for 1-2 days.

The dried materials, named antibiotic producing Crown HepG2-
yeast cells, were prepared in a powder as described above.

Results
Figure 2 shows a photograph of an agar plate immediately cul-

turing the powder (i.e., Antibiotic Crown HepG2-yeast-p) on agar. 
Powder particles of various sizes were observed in the Petri dish, 
which had a diameter of 8.0 cm.

Figure 2: Photograph of an agar plate after immediately preparing an agar culture of the powder. Powder particles of various sizes were 
observed in the Petri dish, which had a diameter of 8.0 cm.

Figure 3 shows a photograph of an agar plate at 1 day after 
powder addition and culture on agar. Round objects of various siz-
es, visible with the naked eye, were observed on the Petri dish.

Figure 4 shows a photograph of an agar plate at 2 days after 
powder addition and culture on agar. Round objects of various sizes 
were observed, including circular shaped objects. 

Figure 3: Photograph of an agar plate at 1 day after powder addition and culture on agar. Round objects of various sizes, visible with the naked 
eye, were observed on the Petri dish.
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Figure 4: Photograph of an agar plate at 2 days after powder addition and culture on agar. Round objects of various sizes were observed, 
including circular-shaped objects.

Figure 5: Photograph of agar plate at 1 day after monolaurin addition. Round brown objects of various sizes were observed.

Figure 5 shows a photograph of an agar plate at 1 day after 
monolaurin addition. Round brown objects of various sizes were 
observed.

Figure 6 shows a photograph of an agar plate at 2 days after 
monolaurin addition.

Brown objects of various sizes and shapes were observed. Also, 
dot-like objects were observed within round objects.

Figure 7 shows a photograph of agar plate at 1 day of sample 
culture. Objects similar to microorganisms were observed over the 
entire plate.

Figure 6: Photograph of an agar plate at 2 days after monolaurin addition.
Brown objects of various sizes and shapes were observed. Also, dot-like objects were observed within round objects.
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Figure 7: Photograph of agar plate at 1 day of sample culture. Objects similar to microorganisms were observed over the entire plate.

Figure 8 shows a photograph of an agar plate used to assay an-
tibiotics in samples A prepared from powder (i.e. antibiotic crown 
HepG2- yeast-p).

A clear inhibition zone was observed around the edge of the 

well. 

Figure 9 shows a photograph of agar plate used to assay antibi-
otics in samples B. prepared from objects in Figure 7 (i. c antibiot-
ic-producing crown HepG2)-yeast cells).

Figure 8: Photograph of an agar plate used to assay antibiotics in samples A. 
A clear inhibition zone was observed around the edge of the well.

Figure 9: Photograph of an agar plate used to assay antibiotics in samples B, focusing on objects observed in Fig. 7. A clear inhibition zone was 
observed.
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A clear inhibition zone was observed.

The clear inhibition zone observed in this study was smaller 
than observed in previous studies [8-10]. suggesting that the ac-
tivity of the antibiotic to Bacillus was lower than that observed in 
previous studies.In a previous study, an antibiotic was produced 
in co-cultures of yeast and DNA (Streptomyces) crown cells during 
beer production. Antibiotic-producing cells were separated from 
the beer following stimulation with egg white or monolaurin [8]. 
Moreover, in experiments involving agar plate cultures of synthet-
ic DNA crown cells with egg white or monolaurin, various objects 
were observed [4-7]. 

Also, antibiotic-producing cells were isolated from the objects 
that formed in agar cultures of synthetic DNA (Streptomyces) crown 
cells containing egg white and monolaurin [9]. DNA (Streptomyces) 
crown cells were mixed with yeast and processed into powder with 
egg white, from which antibiotic-producing cells were subsequent-
ly separated [10]. 

In previous experiments [8-10], DNA (Streptomyces) crown 
cells containing genes for antibiotic production were used, and 
antibiotic-producing cells were successfully separated in combina-
tion with yeast. In this study, experiments used DNA (HepG2) crown 
cells, and antibiotic-producing cells were also separated. The re-
sults showed that the production of such cells is not specific to DNA 
(Streptomyces) crown cells and suggest that antibiotic-producing 
cells can be produced using various kinds of DNA crown cells using 
the same methods, i.e., stimulation with egg white or monolaurin, 
using powdered materials [10].

Also, as described previously [8-10], no experiments have been 
conducted on the origin of these cells or the characteristics of the 
antibiotics produced. It is important to determine whether the 
emergence of such cells in response to stimulation using egg white 
or monolaurin is associated with DNA crown cells, or whether 
these originate from DNA crown cells. If the latter is the case, then 
the present cells may possess additional characteristics derived 
from HepG2 (tumor) cells, in addition to their antibiotic-producing 
ability acquired from Bacillus subtilis. This could have implications 
for various applications in cancer research, including the develop-
ment of anticancer agents and the elucidation of cancer formation 
mechanisms.

All experiments were carried out using yeast in combination 
with DNA crown cells (hereafter referred to as the “yeast partner” 
for DNA crown cells). It remains unclear whether antibiotic-pro-
ducing cells can be separated when using a partner other than 
yeast. Therefore, it is necessary to clarify the role of the partner in 
the production of antibiotics or antibiotic-producing cells.

Future studies will investigate whether other antibiotic-pro-
ducing cells can be separated when DNA crown cells are combined 
with partners other than yeast, including living and non-living 

substances.The antibiotic-producing cells identified in this study 
were designated as antibiotic-producing Crown HepG2- yeast cells. 
Additionally, the powder from which these cells originate is named 
Antibio Crown HepG2-yeast-P, where P denotes the powdered egg 
white.

The antibiotic identified in the present experiments represents 
the fourth in this series of findings. Therefore, it is designated here 
as Crown Antibiotic-4.
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