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Abstract
DNA crown cells (artificial cells), in which the outside of the membrane is covered with DNA, can be readily synthesized in vitro 

using sphingosine (Sph)-DNA-adenosine mixtures to produce synthetic DNA crown cells. As these DNA crown cells can proliferate 
within egg whites, many kinds of synthetic DNA crown cells and DNA crown cells can be prepared using DNA from a variety of donors. 
Though the methods for synthesis are well established, how synthetic DNA crown cells are able to proliferate in egg whites remain 
unclear. Previous studies have demonstrated that assemblies of synthetic DNA (E. coli) crown cells were formed in response to the 
inorganic substances contained in egg white, and that modified synthetic DNA crown cells were produced within such assemblies. 
Moreover, the cells in these assemblies were not released after the addition of monolaurin. Rather, the assembly formed crystal-like 
substances and the cells disappeared. In the present study, it was examined whether cells were regenerated with two monolaurin 
treatments. Here, it was described that cells were produced from the assembly of synthetic DNA (E. coli) crown cells which form 
crystal-like substances with stimulation by monolaurin twice. The cell proliferation experiments were carried out as follows:

a)	Synthetic DNA (E. coli) crown cells were incubated for 18 hours at 37℃ and these cells formed assemblies.
b)	Monolaurin was added to the assemblies and the mixtures were incubated for 36 hours at 37℃.
c)	The assemblies then transformed into crystal-like substances. 
d)	Monolaurin was added to these reconstructed synthetic DNA (E. coli) crown cells and the mixtures were incubated for 20–40 
minutes at 37℃, which is when cell proliferation was observed.
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Introduction 
Approaches for generating self-replicating artificial cells, which 

were cells covered with DNA and referred to as DNA crown cells, 
have been reported previously [1-3]. DNA crown cells can be pre-
pared using both biotechnology and synthetically [4]. Synthetic 
DNA crown cells can be prepared with sphingosine (Sph)-DNA 
and adenosine -monolaurin (A-M) compounds, and DNA crown 
cells can be generated by incubating synthetic DNA crown cells in 
egg white. In theory, unlimited numbers of synthetic DNA crown 
cells and DNA crown cells can be prepared [5-8]. While the meth-
ods for producing DNA crown cells are well established, how these 
synthetic DNA crown cells proliferate within egg white has not yet 
been clarified. In a previous study [9], the assemblies of synthet-
ic DNA (E.coli) crown cells were produced using commercial salt, 
NaCl, KCl, MgCl2, and FeCl3 solutions. In addition, many synthetic 

DNA (E. coli) crown cells that were produced spontaneously were 
retained within the formed assembly. Such assemblies formed crys-
tal-like substances after the addition of monolaurin, and the cells 
within the assembly disappeared [10]. The present study examined 
whether cells can be regenerated from the assembly of synthetic 
DNA (E. coli) crown cells, which changed to crystal-like substances. 
In the present study, it was demonstrated that cells could be regen-
erated from these assemblies with the addition of monolaurin. The 
protocol used to regenerate these cells is described below.

Materials and Methods
Materials

The following materials were used: Sph (Tokyo Kasei, Ja-
pan); DNA (E. coli B1 strain, Sigma-Aldrich, USA); adenosine (Sig-
ma-Aldrich and Wako, Japan); and monolaurin A-M (Tokyo Kasei), a 
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compound synthesized from a mixture of adenosine and monolau-
rin) [11]. Monolaurin solutions were prepared to a concentration of 
0.1M in distilled water.

Methods

Preparation 0f DNA Crown Cells

The generation of artificial cells using Sph-DNA-A-M was per-
formed as described previously [11]. Briefly, 180 μL of Sph (10 mM) 
and 90 µL of DNA (1.7µg/µL) were combined, and the mixture was 
heated twice. A-M solution (100 µL) was added, and the mixture 
was then incubated at 37 ºC for 15 minutes. Next, 30 µL of monolau-
rin solution was added and the mixture was incubated at 37 ºC for 
another 5 minutes. The resulting suspension was used as the syn-
thetic DNA (E. coli) crown cells.

Test for Cell Proliferation

a)	 25 µL of synthetic DNA crown cells was incubated for 18 
hours at 37℃.

b)	 25 μL of monolaurin was added to synthetic DNA crown 
cells 

c)	 The mixture was incubated for 36 hours at 37 ºC

d)	 Then, 25 μL of monolaurin was added to the mixtures and 
incubated for 20-40 minutes at 37℃.

e)	 Each sample (steps 3 and 4) was observed under a light 
microscope.

Microscopic observations

A drop of sample was placed on a slide glass and covered with 
a cover glass. The slides were then observed under a light micro-
scope.

Results and Discussion
Microscopic Appearance of Monolaurin-Treated Syn-
thetic DNA (E. Coli) Crown Cells Before Addition of 
Monolaurin Twice

Synthetic DNA (E. coli) crown cells were incubated for 18 hours, 
then in the presence of monolaurin for 36 hours (Figure 1). Numer-
ous crystal-like substances were observed (Figure 1, arrows a and 
c). Adhesive substances other than crystal-like substances were 
also observed (arrow d). Objects that were not transformed to crys-
tal-like substances was observed (arrow b). A free synthetic DNA 
crown cell (approximately 3–5 μm) was also observed (Figure 1, 
arrow e). No cell proliferation was observed in Figure 1. As report-
ed previously, the assembly of synthetic DNA (E. coli) crown cells 
that formed spontaneously changed to crystal-like substances af-
ter the addition of monolaurin [11]. Figure 1 shows that monolau-
rin-treated synthetic DNA (E. coli) crown cells formed a crystal-like 
substance.

Figure 1: Microscopic appearance of monolaurin-treated synthetic DNA (E. coli) crown cells before stimulation with monolaurin 
twice.

Synthetic DNA (E.coli) crown cells were incubated for 18 hours, then in the presence of monolaurin for 36 hours at 37oC. 
Numerous crystal-like substances were observed (Figure 1, arrow d). Clear crystal-like substances were observed (Figure 1, 
arrow d). Mucoid-type aggregates were observed (Figure 1, arrow d). Objects that may not have been transformed into crystal-
like substances were observed (Figure 1, arrow b).

A free synthetic DNA crown cell (approximately 3–5 μm) was observed (Figure 1, arrow e).
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Cell proliferation 

Figure 2: Microscopic appearance of synthetic DNA (E. coli) crown cells that were incubated with monolaurin for 36 hours at 
37oC and 20–40 minutes at 37oC.

Numerous cell-like objects were observed within the assembly (Figure 2, arrow a).

Large objects (floating objects) were observed within the assembly (Figure 2, arrow b)

A free cell was observed (Figure 2, arrow c, size 10-15 μm).

Figure 3: Microscopic appearance of synthetic DNA (E. coli) crown cells that were incubated with monolaurin for 36 hours at 
37oC and 20–40 minutes at 37oC.

The assembly consists of cell-like objects (Figure 3, arrow d) and floating objects (Figure 3, arrows b and c) were observed (Figure 
3, arrow a). Also, an assembly consisting of cells of various sizes was observed (Figure 3, arrow e). Long tubular structures, 
possibly derived from the floating objects (Figure 3, arrow h) were observed (Figure 3, arrow g). A free cell (approximately 
20-25 μm) was observed (Figure 3, arrow f).
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Figure 4: Microscopic appearance of synthetic DNA (E .coli) crown cells that were incubated with monolaurin for 36 hours at 
37oC and for 20–40 minutes at 37oC.

The assembly, which consisted of floating objects of various shapes and sizes (Figure 4, arrows c, b and d) and cells 
(approximately 15–20 μm) (Figure 4, arrow e) were observed (Figure 4, arrow a). An assembly consisting of cells was observed 
(Figure 4, arrow f). A tube which was derived from a floating object was observed (Figure 4, arrow g).

Figure 5: Figure 5: Microscopic appearance of synthetic DNA (E. coli) crown cells that were incubated with monolaurin for 36 
hours at 37oC and 20–40 minutes at 37oC.

Microscopic appearance of proliferating cells that may have been derived from one assembly (Figure 5, arrow d). In addition, 
the following structures are shown in the figure: A population of many separated cells (Figure 5, arrow d); a large ring-like 
structure composed of two rings (Figure 5, arrow d); a long tubular structure (Figure 5, arrow d); a balloon-like structure 
(Figure 5, arrow d), incomplete ring-like structures (Figure 5, arrows d); objects that were not transformed to crystal-like 
substances (Figure 5, arrow d); a cell population consisting of a few cells (Figure 5, arrow d); and a free cell (approximately 
20–25 μm) (Figure 5, arrow d).to crystal-like substances (Figure 5, arrow d); a cell population consisting of a few cells (Figure 
5, arrow d); and a free cell (approximately 20–25 μm) (Figure 5, arrow d).

Monolaurin was added to synthetic DNA (E. coli) crown cells 
which were incubated for 18 hours at 37℃and the mixture was in-
cubated for 36 hours at 37℃. followed by incubation at 37℃ for 
20–40 minutes. Cell proliferation was observed during incubation 
as shown in Figures 2-5. Numerous cell-like objects were observed 
within the assembly (Figure 2, arrow a). Among these, large objects 

which may begin to move were observed (Figure 2, arrow b). For 
convenience, these objects are referred to here as floating objects. 
A free cell was also observed (arrow c, size 10–15 μm). Figure 2 ap-
pears to show the microscopic appearance of the assembly before 
cell proliferation begins. The assembly (Figure 3, arrow a) which 
consists of synthetic DNA crown cells like objects (Figure 3, arrow 
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d) and floating objects (Figure 3 arrow b) were observed. Also, an 
assembly consisting of cells of various sizes was observed (Figure 
3, arrow e). A long tube, which may be derived from the floating ob-
jects shown in Figure 3 (arrow h), was observed (Figure3, arrow g).

A free cell (approximately 20–30 μm) was also observed (Fig-
ure 3 arrow f). The assembly shown in Figure 4 (arrow a), con-
sisting of floating objects of different shapes and sizes (Figure 4, 
arrows b, c and d) and a cell (approximately 15–20 μm), were also 
observed within the assembly (Figure 4 arrow e). An assembly 
consisting of cells of different shapes and sizes was observed (Fig-
ure 4, arrow f). A tube, which was derived from the floating object 
was observed (Figure 4, arrow g).Figure 5 (arrow a) shows the mi-
croscopic appearance of proliferating cells, which may be derived 
from an assembly of synthetic DNA crown cells. A population of 
free cells was observed (Figure 5 arrow b). A large, double ringed, 
ring-like object was observed (Figure 5 arrow c).Objects similar 
in appearance to incomplete rings of various sizes were observed 
(Figure 5 arrows f, g, and i). A population of cells consisting of sev-
eral cells was observed (Figure 5, arrow h). Tube-like objects were 
observed (Figure 5, arrow d), and balloon-like structure was ob-
served (Figure 5, arrow e). Objects that may not have transformed 
to crystal-like substances were also observed (Figure 5, arrow k). A 
single cell (approximately 10–15 μm) was observed (Figure 5, ar-
row m). These figures, especially, Figure 5 may show the various 
stages in the process of cell proliferation. Based on these figures, 
cellular proliferation is described below. First, the assembly of syn-
thetic DNA crown cells (Figure 1), which was mostly transformed 
to crystal-like substances, was regenerated to form a new assembly 
(Figure 2) consisting of cells and floating objects, Then, various tu-
bular structures (Figure3 g, Figure 4 g, Figure 5 d) and balloon-like 
structures (Figure 5 e) that may have been derived from the float-
ing objects (Figure3, h) formed. Cells may be formed the from the 
elongated tubular structures. These tubular structures consist of 
bunches of Sph. DNA, as described previously [11,12]. When a tu-
bular structure became thin, it formed circular objects (Figure 5, 
arrows c and g). Moreover, thick circular objects (Figure 5 arrow 
c) may appeared to divide into thinner and developed into small 
and thing objects. Most of the cells (Figure 5 arrows h and i) were 
regenerated from these circular objects (Figure 5 arrow c). Another 
process may be responsible for regenerating new cells, that is, that 
the objects that spout from the elongated tubes, or fragments of 
elongated tubes, developed into new cells Thus, it appears that sev-
eral possible explanations exist for the observed the mechanisms 
of cell proliferation. However, the primary aim of this study was to 
describe the protocol used to produce cells from the assembly, and 
this process can be summarized as follows:

Step 1: Synthetic DNA crown cells were cultured for 18 hours at 
37℃, and these cells formed assemblies.

Step 2: Monolaurin was added to the assemblies of synthetic 
DNA crown cells and the mixtures were incubated for 36 hours 
at 37℃. The assemblies then transformed into crystal-like sub-
stances.

Step 3: Monolaurin was added to the transformed assemblies 

and the mixtures were incubated for 20–40 minutes at 37℃and 
cell regeneration occurred. Importantly, steps 2 need to be per-
formed over 36 hours.

Many experiments were carried out on the relationships be-
tween cell proliferation and the timing of monolaurin addition to 
the assemblies of synthetic DNA crown cells that then transformed 
into crystal-like substances. Finally, it was found that assemblies 
needed to be incubated with monolaurin for over 36 hours but not 
less than 18 hours. However, to date, the mechanisms underlying 
this time requirement is unclear.

Cell proliferation (Step 3) begin at 37℃ after 20–40 minutes of 
two additions of monolaurin stimulation.

The findings suggested that cell proliferation occurs when syn-
thetic DNA crown cells were reconstructed three times. The first 
occurred when synthetic DNA crown cells were cultured and the 
cells were reconstructed during assembly formation. The second 
occurred when the assembly of synthetic DNA crown cells was 
cultured with monolaurin and the assembly was transformed into 
crystal-like substances. 

The third occurred when monolaurin was added to the trans-
formed assembly and new cells were generated. As described previ-
ously [10], most of the assembly of synthetic DNA crown cells were 
transformed to crystal-like substances. Therefore, cell proliferation 
may be limited to only those assemblies that were transformed to 
crystal-like substances. On the other hand, it was demonstrated 
that lipid-adenosine (corresponding to A-M compounds) formed 
Sph-DNA aggregates of two types: crystalline aggregates and mu-
coid aggregates [3]. Therefore, floating objects may be derived from 
the aggregates of the mucoid-type shown in Figure 2 (arrow d) and 
from which cells will be generated. On the other hand, it is clear 
that the proliferated and regenerated cells were regenerated syn-
thetic DNA (E. coli) crown cells, because the materials that were 
used in the experiments were only, Sph, DNA (E. coli), adenosine, 
and monolaurin. Here, it was carried out using synthetic DNA (E.co-
li) crown cells [14]. However, it is important to clarify whether such 
cellular proliferation was observed in other DNA crown cells, i.e., 
in addition to DNA (E. coli) crown cells, and to develop generalized 
methods.
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