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Abstract
DNA crown cells can be prepared using sphingosine (Sph)-DNA-adenosine-monolaurin compounds cultured within egg white. Several methods 

have been established to develop antibiotic-producing cells or antibiotics using DNA crown cells. Antibiotic-producing cells generated from DNA 
(Lactobacillus) crown cells and Bacillus produced yogurt in the milk cultures and antibiotic could be extracted from the yogurt. These findings 
suggested that milk could be used in the production of antibiotics using antibiotic-producing cells. In the present experiments, it was examined 
whether antibiotic-containing yogurt could be produced using a combination of salmon roe with DNA (HepG2) crown cells cultured in milk, and 
whether the resulting antibiotic could be extracted. The findings showed that this combination of crown cells produced antibiotics and that the 
antibiotics could be extracted from the yogurt. The resulting antibiotic was named Antibiotic Crown-HepG2-Salmon Roe-yogurt.
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Introduction

Self-replicating artificial cells were first produced in 2012 [1], 
and the principal methods used to produce them were reported in 
2016 [2]. These cells were classified as DNA crown cells in 2016 by 
the present author [3]. The exterior of these cells consists of DNA. 
DNA crown cells were produced using four commercially available 
compounds: Sphingosine (Sph), DNA, adenosine, and monolaurin, 
incubated in egg white. Numerous kinds of DNA crown cells have 
been produced to date [4-8], and various strains of these cells 
have been prepared by the author [9-14]. DNA crown cells have 
several promising applications in biotechnology and medicine. 
As a potential application of DNA crown cells in the medical field, 
methods for producing either antibiotics or antibiotic-produc-
ing cells have been described [15-20]. However, the extraction of  

 
these antibiotics from culture fluids of antibiotic-producing cells 
is challenging. In an attempt to use these products, the author 
used milk to produce antibiotics using antibiotic-producing cells 
[21]. Using milk as a culture medium is cost effective, straight-
forward, and antibiotic recovery can be performed quickly. Nu-
merous antibiotic-producing cells can be produced using various 
combinations of DNA crown cells and other substances. However, 
it was unclear whether these antibiotic-producing cells could be 
produced in the antibiotic contained in yogurt The present study 
examined whether antibiotics to the Bacillus-containing yogurt 
could be produced in milk cultures of egg white powder used to 
enclose DNA (HepG2) crown cells in the presence of salmon roe, 
and whether the antibiotic could be extracted from the yogurt. 
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Materials and Methods

Materials

DNA (HepG2) crown cells and a powdered cell preparation were 
prepared as described previously and refrigerated at approximate-
ly 4°C [14]. Briefly, the main materials used were the same as those 
employed in previous studies [14,22,23]: Sph (Tokyo Kasei, Japan), 
DNA (from HepG2 cells), adenosine (Sigma Aldrich, USA,Wako,Ja-
pan) and monolaurin (Tokyo Kasei,Japan). Adenosine-monolaurin 
(A-M) is produced by mixing adenosine and monolaurin [23]. Agar 
plates were prepared using standard agar medium (SAM) (AS ONE, 
Japan). Salmon roe was obtained from a local market. Millipore po-
tato dextrose agar (PDA) was obtained from Kyodo Nyugiou (Tokyo, 
Japan), Bacillus subtilis from Takahashi (Yamagata, Japan), and milk 
was obtained from a local market.

Methods

Preparation of DNA (HepG2) crown cells (14, 23)

Step 1: A total of 180 µL of Sph (10 mM) and 90 µL of DNA (0.3 
µg/µL) were combined, and the mixture was heated and cooled 
twice.

Step 2: A-M solution (100 µL) was added and incubated for 15 
min at 37°C.

Step 3: 30 µL of monolaurin was added and the mixture was 
incubated for 5 min at 37°C.

Step 4: The mixture was added to egg white and incubated for 
7 days at 37°C. The egg white was then recovered and used as 
DNA (HepG2) crown cells.

Preparation of powder (18)

a)	 Distilled water (3 mL) was added to salmon roe (approximate 
20 eggs) and mixed with 3 mL of egg white.

b)	 Mixtures were incubated for 5 h at 37°C.

c)	 Approximately 25 mL of fresh egg white was added to the mix-

ture.

d)	 The fluid component was poured and spread onto two petri 
dishes and dried for 1–2 days at 37°C.

e)	 The dried materials were collected and ground into a powder 
with a mortar and pestle.

f)	 The powder was stored at room temperature until use.

The powder was referred to as Crown HepG2–Salmon Roe-P.

Preparation of sample to assay antibiotics

A total of 2 g of Crown HepG2–Salmon Roe-P was added to 400 
mL of milk in a yogurt maker (Yoguruta, Tanichi, Japan) and the 
mixture was incubated at 37°C for 3 days.

Extraction of antibiotic from yogurt

The yogurt produced was separated into whey and milk sol-
ids using a cloth bag. An equal volume of ethanol was added to the 
whey and allowed to stand at room temperature for several hours. 
After collecting the upper layer of fluid, the fluids were concentrat-
ed in an incubator at 37°C. The concentrated fluids were used as the 
sample and stored at room temperature as an antibiotic/sample.

Preparation of agar plates for measuring antibiotic pro-

duction

The antibody assay was carried out using the agar-well meth-
od, as described previously (16). The test bacterium (Bacillus sub-
tilis) was mixed with 200 mL agar medium and poured into petri 
dishes. A well measuring approximately 2 cm in diameter was then 
prepared in each plate. The test fluid (approximately 400 µL) was 
dispensed into each well, and the plates were then incubated for 2 
days at 37°C. After incubation, the zone of inhibition was observed.

General observations

Objects on plates and the appearance of the yogurt prepara-
tions were observed by the naked eye.

Figure 1: Photograph of yogurt produced using a yogurt maker. The upper layer of the yogurt appeared slightly blue.
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Results

Figure 1 shows a photograph of the yogurt produced in the yo-
gurt maker. The upper layer of the yogurt appeared slightly blue.

Figure 2 shows a photograph of whey after wringing out the 
cloth bag containing yogurt.

The whey had a slightly blue appearance.

Figure 3 shows a photograph of whey after the addition of eth-
anol. The whey had a slightly blue appearance. 

Figure 4 shows a photograph of a concentrated sample of the 
upper fluid. The liquid was clear.

Figure 2: Photograph of whey after wringing out the cloth bag containing yogurt. The whey had a slightly blue appearance.

Figure 3: Photograph of whey after the addition of ethanol. The whey had a slightly blue appearance.

Figure 4: Photograph of a concentrated sample of the upper fluid. The liquid was clear.
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Figure 5 shows a photograph of the yogurt antibiotic assay. A 
clear zone of inhibition was observed around the well.

Figure 6 shows a photograph of the whey antibiotic assay. A 

clear zone of inhibition was observed around the well. 

Figure 7 shows a photograph of a concentrated antibiotic assay. 
A clear zone of inhibition was observed around the well.

Figure 5: Photograph of the yogurt antibiotic assay. A clear zone of inhibition was observed around the well.

Figure 6: Photograph of the whey antibiotic assay. A clear zone of inhibition was observed around the well. 

Figure 7: Photograph of a concentrated antibiotic assay. A clear zone of inhibition was observed around the well.
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It was previously described that antibiotic-producing cells 
could be produced following the combination of DNA (HepG2) 
crown cells and salmon roe [19]. The present experiments exam-
ined whether they could be produced antibiotic-containing yogurt 
in the milk cultures. When the powder was incubated in milk, a 
similar appearance to yogurt was observed after 3 days of incuba-
tion. This yogurt was separated into whey and milk solids, and the 
antibiotic assay was carried out. Antibiotic activity was observed in 
whey and in the part obtained via ethanol extraction. Thus, it was 
demonstrated that antibiotic was produced using milk as a culture 
medium for powder that was produced from the combination of 
DNA (HepG2) crown cells with salmon roe. As described previously 
[21], using milk as a culture medium has several advantages: milk 
in Japan is sterilized and is relatively cost effective; the composition 
is indicated and antibiotic can be obtained within about 1 week. 
However, several challenges remain, particularly whether the pres-
ent methods are optimal for extracting antibiotics. The extracted 
antibiotic was completely resolved and the produced antibiotics 
did not differ from those produced in media other than milk (e.g., 
malt, agar). These subjects will be clarified in future research on 
the antibiotic.

On the other hand, antibiotic-producing cells have already been 
created using several methods [15–20], and it is considered likely 
that more antibiotic-producing cells will be created in the future. 
Therefore, it is important to clarify whether these cells produced 
antibiotic using milk as a medium.

Conclusion

In conclusion, the methods used to produce antibiotic in a milk 
culture of antibiotic-producing cells generated using DNA (HepG2) 
crown cells and salmon roe have been described. It is expected 
that these methods will be applied to the production of antibiotic-
producing cells, with the aim of generating novel and effective 
antibiotics, including those with activity against Bacillus spp. that 
could potentially benefit human welfare. The antibiotic developed 
in this study has been named Antibiotic Crown-HepG2-Salmon-Roe-
yogurt. This antibiotic was produced using DNA (HepG2) Crown 
cells with salmon roe and yogurt.
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