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Abstract

DNA crown cells are artificial cells in which the outer cell membranes are covered with DNA. These cells can be easily synthesized with a
sphingosine (Sph)-DNA-adenosine mixture (synthetic DNA crown cells) and multiplied within egg whites (DNA crown cells). Currently, many
kinds of both types of DNA crown cells have been prepared using DNA from various species. It was previously demonstrated that various types of
assemblies are formed when synthetic DNA (E. coli) crown cells are mixed with Bacillus subtilis, and long objects similar to bacteria were observed

within the assemblies.

Similar long objects within assemblies could be also observed in human placenta synthetic DNA crown cells; however, it remains un-tested
whether long bacteria were bacteria. This study therefore clarified whether such long objects, which were observed in synthetic DNA (human

placenta), could be cultivated under such conditions.

The results showed that long bacteria could be cultivated from assemblies that were formed using synthetic DNA (human placenta) crown
cells and the B. subtilis was elongated by treatment with the combination of Sph and DNA . The findings suggest that the long objects were bacteria
that were born in the association with synthetic DNA crown cells. On the other hand, whether the bacteria were transformed Bacillus needs to be

asertained in the future.
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Introduction

There hasbeen significant progressin the generation of artificial
cells, and recently, approaches for generating fully functional (self-
replicating) artificial cells have been reported [1,2]. Artificial cells
that are covered with DNA, called DNA crown cells [3], can be
synthesized using Sph-DNA-A-M mixtures (synthetic DNA crown
cells) and are generated when they are incubated within egg
whites (DNA crown cells), An unlimited number of both (synthetic
DNA crown cells and DNA crown cells ) cells can theoretically be
prepared, and several kinds of both DNA crown cells have been

prepared [4-7].

In previous experiments on the functions of DNA crown
cells, it was shown that assemblies of varying shapes and sizes

can be formed when synthetic DNA (E.coli and human placenta)
crown cells are mixed with Bacillus subtilis (natto) suspended in
water [8,9]. In these experiments, bacteria, elongated objects like
bacteria and DNA crown cells are observed within the assemblies.
In this study, it was examined whether elongated objects like
bacteria which were observed in combining synthetic DNA (human
placenta) crown cells with B. subtilis [9] were bacteria.

Although crown cell synthesis systems have been described
previously [9], briefly, synthetic DNA (human placenta) crown cells
are prepared using Sph-DNA (human placenta), A-M compound-
monolaurin and mixed with B. subtilis. Then, the mixtures are
cultured to see whether elongated bacteria are present in the
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observed colonies. In addition, I attempted to clarify whether
elongation of bacteria occurs in the association between synthetic
DNA crown cells, the compounds of Sph-DNA binding (Sph-DNA), or
the combination of Sph and DNA4, i.e., the addition of Sph following
DNA.

The elongation of bacteria was not observed when Sph-DNA
were added to Bacillus subtilis ; rather, elongation was observed
when Sph was added to bacteria, and then DNA was added to
bacteria. It is interesting that synthetic DNA crown cells potentiate
the ability to elongate bacteria, whereas Sph-DNA do not have
this ability, or decrease this ability. Synthetic DNA crown cells are
artificial cells in which Sph-DNA is modified by A-M compounds
[10,11]. Therefore, it has been suggested that synthetic DNA crown
cells acquired the ability to elongate bacteria by modification due

to A-M compounds.
Materials and Methods
Materials

The following materials were used in the present study: Sph
(Tokyo Kasei, Japan), DNA E. coli and human placenta (Sigma, USA),
adenosine (Sigma, USA and Wako, Japan), monolaurin (Tokyo Kasei,
Japan), and A-M compound (synthesized mixture of adenosine and
monolaurin) [11]. Bacillus subtilis (natto) was prepared via culture
(Daikokuya, Nagoya, Japan). Dry B. subtilis was cultured at 37°C
for 18 h on agar, then bacteria were collected in distilled water at
a concentration of approximately 106/ml. Normal agar medium
(Sanisupetsuku, Azuwan, Japan) was used to culture B. subtilis.

Methods

Preparation of DNA (Human Placenta) Crown Cells and Of
Sph-DNA : Synthetic DNA (human placenta) crown cells using Sph-
DNA-AM were prepared as described previously [9]. Briefly, 180 pl
of Sph (10 mM) and 90 pl of human placenta DNA (1.7 ug/ul) were
mixed, and the mixture was cooled after heating. The procedures
were carried out twice. Then, A-M compound (100 pl) was added
to the mixture. The mixture was subsequently incubated at 37°C for
15 min before 30 ul of monolaurin was added and incubated at 37°C
for 5 min. The results were used as a suspension of synthetic DNA
(human placenta) crown cells.

Also, 180pl of Sph (10mM) and 90ul of DNA (E.coli, 1.7ug/ul)
were mixed. The mixture was cooled after heating . The procedures
were carried out twice. The mixtures were used as Sph-DNA.

Microscopic appearance of bacteria that survived in
mixtures of synthetic DNA (human placenta) crown cells with
B. subtilis: Fifty microliters of a B. subtilis suspension were added
to 50 pl of synthetic DNA (human placenta) crown cells and mixed.
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The mixtures were incubated for 3 and 24 h at 37°C. Then, 50 ul of
the mixtures were plated on the agar and were incubated for 18 h
at 37°C. Then, a sample from bacterial colony was spread on a slide
glass and observed under a light microscope.

Microscopic Appearance of Bacteria in Sph-DNA And the
Combination of Sph And DNA Treated B. Subtilis: A total of 50
ul of Sph-DNA were added to a 50 pl B. subtilis suspension and was
incubated for 3 h at 37°C. Also, 25 pl of Sph (10 mM) was added to
50 pl of B. subtilis suspension and incubated for 5 min at 37°C. Then,
50 pl of DNA (1.7 pl/pl), which was heated and cooled, was added
to the mixtures and incubated for 3 h at 37°C. Then, 50ul of each
mixture was plated on an agar plate and incubated for 18 h at 37°C.
Viable colonies were counted and a sample from the colonies was
spread on a slide glass and covered with a cover slip and observed
under a microscope.

Results and Discussion

Elongated objects, like bacteria, were formed in the
mixtures of synthetic DNA (human placenta) crown cells
with B. subtilis

These results have been described previously [9]. Briefly,
Figurel shows the assemblies that were formed when synthetic
DNA (human placenta) crown cells were mixed with B. subtilis.
About 5 long bacteria-like objects were observed with or within the
assembly (Figure 1 arrow a). Since it was unclear whether the long
objects shown in (Figurel) were living (bacteria used in present
experiments), | attempted to cultivate these long objects.

Growth suppression and microscopic appearance of
surviving bacteria in the mixed cultures of synthetic
DNA (human placenta) crown cells with B. subtilis

In a previous report on the assembly and combination
of synthetic DNA (E. coli) crown cells with B. subtilis , it was
demonstrated that growth of B. subtilis was suppressed, and that
bacteria that survived were elongated compared to other bacteria
observed under a microscope [12]. Here, it was examined whether
such phenomena were observed when synthetic DNA (human
placenta) crown cells were combined with B. subtilis.

After culturing mixtures of synthetic DNA (human placenta)
crown cells with B. subtilis for 24 h at 37°C, 50 pl of the mixtures
were plated and incubated for 18 h at 37°C . As shown in (Figure
2) right, about 100 colonies were observed, whereas numerous
bacteria were observed in the sample without crown cells. The
findings showed that synthetic DNA (human placenta) crown cells
suppressed the growth of B. subtilis.
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bacteria was observed (Figure. 1, arrow b).

Figure 1: Long objects like bacteria within the assemblies that were formed when synthetic DNA (human placenta) crown cells are mixed with
Bacillus subtilis. About five long objects like bacteria were observed with, or within, the assembly (Figure 1, arrow a). Also, an object like cell or

Figure 2: Growth suppression of bacteria in mixed cultures of synthetic DNA (human placenta) DNA crown cells and Bacillus subtilis. Synthetic DNA
(human placenta) crown cells were cultivated with B. subtilis for 24 h at 37°C, the mixtures were plated and incubated for 18 h at 37°C. As shown
in Figure 2 (right), about 100 colonies were observed, whereas numerous bacteria were observed in the sample without crown cells.

When three colonies were randomly selected and placed on a
slide glass for microscopic observation, typical elongated/rod-like
bacteria were observed (Figure 3 arrows, a and b). Free bacterium
was also observed in Figure 3 (arrow c). The bacteria shown in
Figure 3 (arrow b) were about 8 times as long as the bacteria shown
in Figure 3 (arrow c). Thus, it was demonstrated that elongated
bacteria can cultivate in the combination of synthetic DNA (human
placenta) crown cells with B. subtilis,

Effect of Sph-DNA On Bacterial Growth and Elongation

Synthetic DNA crown cells were mainly constructed with Sph-
DNA particles or fibers as described [10,11]. The role of Sph-DNA

in the elongation B. subtilis was examined. Fifty micro liters of Sph-
DNA was added to 50 pl of B. subtilis suspension and the mixtures
were incubated for 3 h at 37°C. Then, 50 pl of the mixtures were
plated on the agar medium and incubated for 18 h at 37°C. Then, the
colonies were counted . Figure 4 shows the effect of Sph-DNA and
the combination of Sph and DNA on the suppressing of bacterial
growth and the picture in present experiment is shown in (Figure
4 (middle). About 18 colonies were observed, whereas numerous
colonies were observed without Sph-DNA (Figure 4, right). The
growth of B. subtilis was suppressed by the addition of Sph-DNA .
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Figure 3: Microscopic appearance of a typical bacterium that survived after mixing synthetic DNA (Human placenta) with Bacillus subtilis. Three
colonies were randomly selected, and samples were spread on glass slides for microscopic observation. A typical elongated bacterium is shown in
Figure 3 (arrows a and b). A free bacterium was also observed in Figure 3 (arrow c).

Figure 4: (Middle) Effect of Sph-DNA on bacterial growth.

Sph-DNA solution was added to a Bacillus subtilis suspension and the mixture was incubated for 3 h at 37°C. Then, the mixtures were plated on
agar medium and incubated for 18 h at 37°C and the colonies were counted. Figure 4 summarizes the growth-suppression effect of Sph-DNA
binding and the combination of Sph and DNA on the bacterial growth-suppression. and the picture in present experiment is shown in Figure 4
(middle). About 18 colonies were observed, and numerous colonies were observed without Sph and DNA (Figure 4, right). Figure 4 (left) Growth
suppression in B.subtilis which were treated with the combination of Sph and DNA (Sph-treated, then DMA-treated).

Sph was added to a B. subtilis suspension and incubated for 5 min at 37°C. Then, treated DNA (E. coli) was added to the mixtures and incubated
for 3 h at 37°C. The mixtures were plated on agar and incubated for 18 h at 37°C and the colonies were counted. Three colonies were observed

(Figure 4, left).

Next, target bacteria from the colonies which selected at choice  showed that Sph-DNA has no effect on the elongation of B. subtilis,
were placed on a glass slide and observed under a microscope. No  even if growth suppression was observed.

elongated bacteria were observed (Figure 5, arrow). The findings

o
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Figure 5: Microscopic appearance of bacteria that survived the addition of Sph-DNA Samples from the colonies (Figure 4 middle), which were
randomly selected and spread on a glass slide and observed under a microscope. No elongated bacteria were observed (Figure 5, arrow).

Effect of the combination of Sph and DNA on the
elongation of B. subtilis

Next, the effect of combination of Sph and DNA on elongation
of B. subtilis was tested because Sph-DNA has no effect. First, 25
ul of Sph (10 mM) was added to 50 pl of B. subtilis suspension and
incubated for 5 min at 37°C. Then, 50 pl of treated DNA (E. coli, 1.6
pg/ul) was added to the mixtures and incubated for 3 h at 37°C.
Then, 50 pl of the mixtures were plated on the agar and incubated
for 18 h at 37°C. Finally, the colonies were counted.

Three colonies were observed (Figure 4, left). The findings

showed that the combination of Sph and DNA suppressed the
growth of B. subtilis.

When target bacteria from the three colonies were spread on
a glass slide and observed under a microscope, elongated bacteria
were observed in samples from all colonies. The arrows a and b in
(Figure 6) indicate typical elongated bacteria. Free bacterium was
also observed in (Figure 6) (arrow c). The target bacteria are shown
in (Figure. 7) Most of the bacteria appeared elongated (Figure 7,
arrows a and b). Also, free bacterium is observed in Figure 7 (arrow

b).A free bacterium is shown in Figure 6 (arrow c).

Figure 6: Microscopic appearance of a typical bacterium that survived mixing the cultures with the combination of Sph and DNA. Samples from
three colonies were spread on a glass slide and observed under a microscope. A typical elongated bacterium is shown in Figure. 6 (arrows a and
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Figure 7: General microscopic appearance of surviving bacteria shown in Figure 6. Most of the surviving bacteria had an elongated appearance
(Figure 7, arrows a and b). A free bacterium is observed in Figure 7 (arrow c).

Elongated bacteria were not observed in the Sph-treated
bacteria without DNA (unpublished data). These findings showed
that elongated bacteria were formed due to the combination of Sph
and DNA (i.e., Sph-treated, following DNA-treated). Thus, elongation
occurs with the combination of Sph and DNA , and with synthetic
DNA crown cells. At present, it is unclear whether elongation is
based on the same mechanisms, but it may occur with Sph and DNA
that were used to construct synthetic DNA crown cells. From these
findings, long objects, which were observed within the assembly,
were thus bacteria and were not formed in the bad environment of
bacterial growth , but in the interrelation between systematic DNA
crown cells and B. subtilis.

Regarding the mechanisms of elongation, these are
considered to occur as follows:

First, Sph binds to B. subtilis and many B. subtilis died based
on the toxic effect of Sph. Second, Sph binds to those B. subtilis that
survived. Then, DNA binds to the Sph-bound B. subtilis. As a result,
bacterial elongation occurs. Such elongation was observed in the
use of synthetic DNA crown cells of E. coli and human placenta, but
elongation was not observed in the use of synthetic DNA (Akoya
pearl oyster and Streptomyces) (unpublished data), suggesting
that the ability to elongate was not common in synthetic DNA
crown cells, but characteristic in synthetic DNA crown cells. On the
other hand, in this study, B. subtilis was used as the target organism.
However, it is unclear whether bacteria other than B. subtilis can

elongate.

In a previous report [13], it was demonstrated that synthetic
DNA crown cells kill yeast. This time, it was shown that synthetic
DNA crown cells elongate B. subtilis. Both findings indicate
that synthetic DNA crown cells have at least two kinds of active
physiological function. Also, in that study [12], it was shown that
surviving bacteria were Brevi bacillus, which differed from the B.
subtilis used in these experiments, suggesting that some form of
genetic transformation occurred. However, it remains unclear
whether elongation is under genetic control.

Finally, the reason why Sph-DNA has no, or little, effect on
elongation, while synthetic DNA crown cells in which Sph-DNA was
modified with A-M compounds has a marked effect on elongation
may be the following. Synthetic DNA crown cells are living,
albeit under special conditions, whereas Sph-DNA is non-living,
compound. Hence, the present findings may help to resolve difficult
subjects that have been discussed for a long time in the life sciences,
such as the origin or the multiplicity of viruses, cells, and bacteria.
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