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Introduction

Artificial cells that are covered with DNA are referred to as DNA 
crown cells [1-3]. Synthetic DNA crown cells can be prepared by 
cultivating DNA crown cells in egg white supplemented with sphin-
gosine (Sph)-DNA and adenosine-monolaurin (A-M). Such DNA 
crown cells have been shown to form assemblies or cells in cultures 
of synthetic DNA crown cells with monolaurin [4-6]. In a previous 
study, assembly formation and cell proliferation were observed 
after cultivation on agar plates [7]. Also, synthetic DNA (E. coli), 
human placenta, Akoya pearl oyster and HepG2) crown cells have 
been cultivated in test tubes containing egg white [8–11]. However, 
since these cultivation experiments were carried out using a liquid 
medium, it was not clear whether cell proliferation could be ob-
served on agar plates. Hence, the present experiments examined  

 
whether cell proliferation associated with egg white was observed 
when monolaurin-treated synthetic DNA (E. coli) crown cells were 
further cultivated on agar plates supplemented with egg white. The 
findings were characterized microscopically.

Materials and Methods
Materials

The materials used were the same as those employed in previ-
ous studies [12,13], i.e., Sph (Tokyo Kasei, Japan), DNA (Sigma-Al-
drich, Wako, Japan), adenosine (Sigma-Aldrich), and monolaurin 
(Tokyo Kasei). An adenosine-monolaurin (A-M) was prepared by 
mixing adenosine and monolaurin, as described previously [12,13]. 
Monolaurin solutions were prepared to a final concentration of 0.1 
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M in distilled water. Agar plates were prepared using standard agar 
medium (SMA) (AZS ONE Japan). Egg white was obtained from eggs 
procured at a local market.

Methods

Preparation of synthetic DNA (E. coli) crown cells

Synthetic DNA (E. coli) crown cells were prepared as described 
previously [12,13]. Briefly, 180 µL of Sph (10 mM) and 90 µL of DNA 
(1.7µg/µL) were combined, and the mixture was heated and cooled 
twice. A-M solution (100 µL) was added to the mixture, which was 
then incubated at 37°C for 15 min. Next, 30 µL of monolaurin solu-
tion was added and the mixture was incubated at 37°C for a further 
5 min. The resulting suspension was used as the synthetic DNA (E. 
coli) crown cells.

Culture of monolaurin with DNA (E. coli) crown cells and in-
cubation with egg white on agar plates was performed as follows:

a) 50.0 µL of cell sample was plated on the agar plate with a bac-

teria spreader.

b) 1.5 mL of 0.1 M monolaurin (twice diluted) was poured onto 
the agar plate.

c) After removing excess monolaurin, the plates were inverted 
and incubated for 3.0 h at 37°C.

d) 1.5 ml of egg white was then poured onto the plate and excess 
egg white was removed.

e) The plates were then inverted and incubated for 2.0 h and 2 
days at 37°C.

Microscopic observations

The plates were observed under a light microscope.

Result and Discussion

a) Figure 1 shows an object associated with synthetic DNA (E. 
coli) crown cells on the plates 3.0 h after monolaurin addition 
and before the addition of egg white.

Figure 1: Microscopic appearance of synthetic DNA (E. coli) crown cells on agar plates 3.0 h after monolaurin addition and before the addition 
of egg white. Cell-like objects with various sizes and shapes are seen (arrows a, b, and c). The object indicated by arrow c measured approx-
imately 10–12 µm.

Numerous cell-like objects of various sizes and shapes (arrows 
a, b, and c) were observed. The object indicated by arrow c mea-
sured approximately 10–12 µm.

b) Figure 2 shows the microscopic appearance of synthetic DNA 
(E. coli) crown cells 2.0 h after egg white addition.

Numerous round cell-like objects were observed (arrow a). One 
of these was constricted in the middle (arrow b), while spot-like ob-
ject was observed (arrow c). Also, ramified objects were observed 
(arrow d). The size of the cells (arrow c) was approximately 15–20 
µm.

c) Figure 3 shows the microscopic appearance of synthetic DNA 
(E. coli) crown cells 2 days after egg white addition.

Objects that were similar in shape were observed (arrows a and 
b). These objects (arrow a) measured about 50 μm.

d) Figure 4 shows the microscopic appearance of synthetic DNA 
(E. coli) crown cells 2 days after egg white addition.

Numerous firework-like objects (arrows a and b) measuring 
approximately 20–25 µm (arrow c) were observed.

e) Figure 5 shows the microscopic appearance of synthetic DNA 
(E. coli) crown cells 2 days after egg white addition.

Objects varying in shape and size were observed (arrows a, b, c, 
and d), most of which were enclosed by a membrane. An object en-
closing a cell-like object was observed (arrows a and b), and some 
objects (arrow c) enclosed several cell-like objects.
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Figure 3: Microscopic appearance of synthetic DNA (E. coli) crown cells 2 days after egg white addition. Objects that were similar in shape 
were observed (arrows a and b). The object indicated by arrow a measured approximately 50 µm.

Figure 2: Microscopic appearance of synthetic DNA (E. coli) crown cells 2.0 h after egg white addition. One of the cells (arrow a) is constrict-
ed in the middle (arrow b), while others possess spot-like object (arrow c). Ramified objects are also observed (arrow d). The cells (arrow c) 
measured approximately 15–20 µm.

Figure 4: Microscopic appearance of synthetic DNA (E. coli) crown cells 2 days after egg white addition. Firework-like objects are observed 
(arrows a and b). The approximate size of the structure shown by arrow c is 20–25 µm.
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Figure 5: Microscopic appearance of synthetic DNA (E. coli) crown cells 2 days after egg white addition. Objects of various sizes and 
shapes are observed (arrows a, b, c, and d). The approximate size of the structure shown by arrow d is 20 µm.

In addition, a cell-like object that was not enclosed was also ob-
served (arrow d). The approximate size of this cell-like object was 
20 µm (arrow d). 

f) Figure 6 shows the microscopic appearance of synthetic DNA 
(E. coli) crown cells 2 days after egg white addition.

Figure 6: Microscopic appearance of synthetic DNA (E. coli) crown cells 2 days after culturing in egg white. Numerous dispersed cell-like 
objects are observed (arrows a and b). Objects enclosed by a membrane-like structure are also observed (arrows c and d).
The approximate size of the structure shown by arrow a is approximately 10 µm.

Numerous dispersed cell-like objects were observed (arrows a 
and b).

In addition, objects enclosed by a membrane-like structure 
were observed (arrows c and d); The size of these objects was ap-
proximately 10 µm (arrow a). 

Previously, assembly formation and cell proliferation were ob-
served in cultures of synthetic DNA (E. coli) crown cells cultured 
on agar plates supplemented with monolaurin [7]. In addition, 
synthetic DNA crown cells or monolaurin-treated synthetic DNA 
crown cells could be cultivated with the use of egg white in test 
tubes, suggesting that the change from non-living objects to living 
cells could be attributed to growth in media with egg white. Hence, 

the present experiments examined whether similar culture charac-
teristics could be observed in agar and new proof of the transition 
from non-living to living cells could be obtained. Cell proliferation 
of various types was observed after 2 h and 2 days of cultivation in 
egg white. An interesting finding was that cell-like objects enclosed 
with a membrane-like structure were observed (Figures 5 and 
6) However, because such objects were not observed in test tube 
cultures, the mechanism underlying their formation was unclear. 
These enclosed objects may be derived from monolaurin-treated 
synthesized DNA (E. coli) crown cells, and the membrane-like struc-
tures may be derived from components of egg white.

Taken together, the objects shown in Figures 5 and 6 may be 
composed of cell-like objects enclosed by egg components. On the 
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other hand, similarly shaped objects (Figure 3) and firework-like 
objects (Figure 4) were observed. Such objects were also observed 
in test tube cultures [14]. In particular, the firework-like objects 
were considered to consist of Sph-DNA and its related components. 
Because both objects were frequently observed, they may play an 
important role in the change from non-living to living cells. On the 
other hand, various types of proliferated cells exist, suggesting 
that cells the proliferated through various mechanisms. It is 
considered that the peak in object formation in cultures, both in 
vivo and in vitro, may occur after 7 days of culture. As a result, the 
cultures were maintained for 7 days. Recently, it has been shown 
that new compounds, such as adenosine-DNA, were formed during 
cultivation, and that synthetic DNA crown cells may be successfully 
cultivated [14]. The present data were collected over only 2 days 
of culture. However, generation of new cells in agar cultures may 
occur over longer periods. Future studies will be conducted to test 
this idea.
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