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Introduction

One promising strategy for replacing lost or missing cellular functions 
is to imitate specific structural or functional aspects of cells. However, there 
hasn't been much research into how these artificial assemblies interact with 
their biological counterparts, including how to use the activity of the synthetic 
partner. Thus, the gathering of dynamic microreactors with comparable size to 
hepatocytes is accounted for.In an effort to imitate the detoxification capacity of 
hepatocytes, these microreactors are successfully cocultured with hepatocytes 
into bionic tissue for up to 10 days. Additionally, microreactors loaded with the 
liver enzyme catalase are effective at relieving external pressure from such 
bionic tissue when hydrogen peroxide is added. By employing the former 
partner not only as a structural support but also to elicit beneficial activity, 
the findings present a novel approach to the combination of synthetic and 
biological entities for tissue engineering [1].

Helpful cell mimicry is an arising approach that targets filling in for absent 
or lost cell capability, especially in compound substitution treatment.Artificial 
organelles and artificial cells, also known as reactors of the nano and micron 
sizes for encapsulated catalysis, are two examples of approaches.For artificial 
organelles, the latter aspect refers to the difficult task of biocatalytic activity 
inside of cells, accomplished by only a few reports, including our own effort 
employing subcompartmentalized nanoreactors with preserved activity in 
macrophages.5 From a different perspective, artificial cells are typically 
micronsized reactors, and the more sophisticated assemblies mimic the 
hierarchical structure of biological cells by considering subcompartmentalized 
structures, as recently discussed by two comprehensive reviews.6 The 
assembly of artificial cells including demonstrated activityPolymersomes in 
polymersomes7 and liposomes inside polymer carrier capsules8 are recent 
examples of advanced functionality. However, the interaction of artificial 
microreactors with cells has not been extensively studied.To improve insulin-
secreting pancreatic -cell function and survival, Hammond and colleagues used 
cell mimics based on microbeads.9 The artificial partner was a passive building 
block used to imitate the native interactions between cells and extracellular 
matrix.Subcompartmentalized assemblies were recently used as extracellular 
microreactors, and we showed that in the presence of human intestinal 
epithelial HT-29 cells, their ability to enzymatically convert phenylalanine into 
transcinnamic acid remained intact, suggesting a potential oral treatment 
for phenylketonuria.The power of artificial cells successfully interacting with 
biological entities is demonstrated in these first two examples [1-3].

In this work, we used cytotoxic hydrogen peroxide (H2O2)-removing sub-
10 m microreactors to construct hepatic bionic tissue . Specifically, we tested 
the integration of the core–shell particles and capsules into growing hepatic 

tissue, including the quantification of the proliferation of the hepatocytes; (i) we 
coated 7 m silica particles with poly(dopamine) (PDA) and various terminating 
polymer layers; (ii) we removed the silica templates to yield polymer capsules;ii) 
confirmed the creation of active microreactors by incorporating catalase-loaded 
liposomes into the assemblies;and (iii) utilized these cocultured hepatocyte-
based microreactors for detoxification [4].

Discussion The selection of a collection of hepatic bionic tissue serves as 
an illustration of the idea that artificial and biological cells can be cocultivated to 
benefit the native partner. The lack of a sufficient supply of hepatocytes to meet 
the large demand is a major long-standing obstacle in liver tissue engineering 
and regeneration, despite recent advancements. In addition, there is no 
technology that enables the preservation of phenotype activity while expanding 
hepatic donor cells to the required high numbers.As a result, it's possible that 
artificial cells will be needed in future concepts to help and support biological 
counterparts [5].

Core–Shell particles in the assembly of bionic tissue 

The successful integration of the synthetic partner into the expanding cell 
culture is necessary for the assembly of bionic tissue that consists of both 
biological and artificial components.In order to accomplish this, we cocultured 
hepatocytes (hepatocyte carcinoma HepG2 cells) with uncoated silica particles 
in three different ratios (cells/particles 25/1, 1/1, and 1/5).This immortalized cell 
line is a popular model that is more appropriate for the purposes of this paper 
than primary cells, which are difficult to multiply. We would like to point out 
that stem cells could be an alternative option. However, the parts of this paper 
that deal with the assembly of bionic tissue using stem cells are beyond the 
scope of this paper and will be published separately. Live cell images of the 
cocultures after 24, 48, and 72 hours confirmed, as expected, the presence of 
more particles as the number of particles used for seeding increased (Figure 
S1 in the Supporting Information).Additionally, a cells-to-particles ratio of 
1/5, as opposed to 25/1 and 1/1, was observed following fixation. S2 in the 
supporting information. The required media change, which removed unbound 
or loosely attached particles, was the reason why the number of particles 
observed after 72 hours was lower than 48 hours. The large difference in the 
number of particles between the live and fixed cocultures was explained by the 
same factor. A cells-to-particles ratio of one fifth was used from this point on 
because of this initial finding made with uncoated silica particles [2].

Next, we wanted to see how the surface coating affected the particle's 
integration into the hepatocytes that were growing. PDA was applied to the 
silica particles, and then different terminating layers-poly(l lysine) (PLL), PLL/
poly(methacrylic acid) (PMA), or PLL/cholesterol-modified PMA (PMAc), 
also known as P, P+, P, and Pc—were adsorbable. PDA was previously 
demonstrated to be able to be deposited on silica colloids12 and multiple PLL 
and PMAc-based polymer layers were able to be adsorbed onto PDA-coated 
substrates13 for coculturing with hepatocytes. After 72 hours of incubation, 
the bionic tissue was fixed and viewed with the confocal laser scanning 
microscope (CLSM). Particle assembly with fluorescently labeled PLL (PLLF) 
and staining of the cell nucleus and cytoskeleton were used to produce images 
of the particles and cells. Additionally, various focal planes were selected to 
evaluate the particle distribution throughout the expanding hepatic cell culture. 
To clearly distinguish the cells from the particles, the unmerged images are 
displayed and supporting information. Since the particles were so large (7 m 
in diameter), it was not surprising that they were not taken up by the cells. In 
addition, the presence of particles in all focal planes and comparable numbers 
of hepatocytes that appeared to be healthy could be observed, regardless 
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of the property of the terminating polymer layers. This was a useful finding 
because it showed that the hepatic tissue contained particles of all kinds [3].

Microreactor gathering

With the plan to prepare the engineered accomplice in the bionic tissue 
with usefulness, catalyst stacked liposomes were immobilized onto PLL 
precoated silica layouts before the testimonies of the PDA shell and the ending 
polymer layer(s).Our previous publications, in which we demonstrated the 
use of microreactors for depletion of phenylalanine as a potential approach 
in oral treatment of phenylketonuria or the encapsulated catalysis employing 
simultaneously three enzymes, served as inspiration for this strategy. In the 
current endeavor, we chose the enzyme catalase (cat) to be loaded into the 
liposomes (Lcat) and used for the assembly of the microreactors. This enzyme 
was chosen because it can remove cytotoxic reactive oxygen species by 
converting hydrogen peroxide into water and oxygen, mimicking an important 
liver function [4].

After loading Lcat onto PLL-precoated silica particles, four bilayers of 
poly(allylamine hydrochloride) (PAH)/poly(sodium 4-styrenesulfonate) (PSS) 
with a PLL terminating layer were adsorbted and deposition of PDA took place 
for 24 hours.The (PAH/PSS)4 bilayers were added to guarantee Lcat's stable 
capture. First, the enzymes and liposomes were found to be evenly distributed 
on the surface of the particles and capsules in buffer solution. To accomplish 
this, fluorescently labeled cat (catr) and fluorescently labeled liposomes (Lg) 
were used to assemble the microreactors, resulting in PLgcatr. After the silica 
template was removed, capsosomes (CLgcatr) were produced.CLSM was used 
to display PLgcatr and CLgcatr (Figure 5a).Nonaggregated microreactors with 
homogeneously appropriated fluorescence were noticed.The colocalization of 
the two fluorophores confirmed the presence of both lipids and enzymes [5].

Conclusion 

We demonstrate enzymatic functionality in a hepatic cell culture using 
microreactors less than 10 m in size.It was shown how hepatocytes and 

either core-shell particles or capsules with various polymer layers at the 
end could make up bionic liver tissue. P+ enabled the best interaction with 
hepatocytes in the first instance.On the other hand, the capsules integrated 
into the hepatocytes that were proliferating less uniformly and were less 
dependent on the terminating polymer layer.The artificial entities had no effect 
on the observed rate of cell proliferation; however, the hepatocytes' force likely 
caused the capsules to lose their structural integrity.In addition, only core–shell 
microreactors were capable of reducing the amount of externally added H2O2, 
resulting in increased hepatocyte survival.

We demonstrated successfully the interaction between artificial and 
biological entities when taken as a whole.This discovery, when combined with 
others like the use of artificial proteins, synthetic cells that can mimic basic cell 
cycles, biomimetic systems for studying synthetic adhesion, and 3D printing, 
has the potential to significantly advance tissue engineering and regenerative 
medicine.
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