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Abstract: In recent years, nanomaterials have been widely used in biological research due to their unique particle

size effect, large specific surface area and easy surface embellishment. These properties drive technological innovation
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in biotechnology. However, most of these nanomaterials are obtained through chemical synthesis, and their biological
functions and compatibility are limited. Synthetic biology is an important emerging discipline, and the interdisciplinary
study with nanomaterials is the inevitable result of scientific development, so as to produce a new research field,
synthetic nanobiology: on the one hand, we can use the technology of synthetic biology to engineer bacteria or cells
and obtain biogenic nanomaterials with special biological functions, thereby forming a novel biological technology-
driven nanomaterial synthesis platform; on the other hand, nanomaterials can be used to enhance the functions of living
organisms or simulate life activities, so as to expand the engineering design and construction concept for synthetic
biology. Herein, according to the latest development, we divide synthetic nanobiology into three subclass fields:
“pseudo-organism” research on genetically engineering-modified biogenic nanomaterials, “semi-organism” research
on heterozygous biological systems based on functional enhancement with nanomaterials, and “organismoid” research
on the simulation of life activities based on nanomaterials. Furthermore, the modification and functional research of
biogenic nanomaterials, such as biomimetic cell membranes, exosomes, bacterial outer membrane vesicles, virus-like
particles, and bacterial biofilms, as well as the construction and application of artificial heterozygous bacteria and cells
and artificial photosynthetic systems are introduced. Moreover, the latest research progress in biomimetic artificial
synthetic biology composed of nanomaterial components, such as nano-enzymes, artificial antigen presenting cells,
motion nanorobots and DNA nanorobots, is also presented. Finally, development on the intersection of nanotechnology
and synthetic biology is prospected, including its application potential in tumor therapy, environmental remediation and

energy production.
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Fig. 1 Engineering “pseudo-organism” through synthetic nanobiology

(Through the technology of synthetic biology, bacteria or cells are engineered to isolate and obtain biogenic nanomaterials with special biological

functions, which are called “pseudo-organism”, including biomimetic cell membrane, exosomes, bacterial outer membrane vesicles, virus-like

particles, and bacterial biofilm.)
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Fig.2 Design and applications of bacterial robots

(Nanomaterials are used to modify bacteria to build bacterial robots with special functions, including magnetic driven bacterial

robots, light responsive bacterial robots, and ultrasonic sensing bacterial robots, which can realize in vivo

monitoring and real-time control through external physical signals.)
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Semi-organism
Artificial hybrid CAR-T
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Fig.3 Multiple strategies for construction of artificial hybrid CAR-T using nanotechnology
(Artificial heterozygous T cells were constructed by heterozygous modification and functional enhancement of T cells using differ-
ent nanotechnologies and materials to achieve local stable expansion of adoptive cell therapy, continuous “autocrine” of cytokines,

in vivo monitoring and synergistic therapy.)
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Semi-organism
Artificial photosynthetic system
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Nanowire-bacteria hybrids Whole-cell photosensitization

B4 ANTHAERY
Fig. 4 Artificial photosynthetic system;
(Acetogenic bacteria were loaded on light-harvesting nanowire
arrays, or bacteria were photosensitized with CdS or AuNCs
nanomaterials, which enables photosynthesis of carbon prod-

ucts and nitrogen products.)
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Nano-enzymes aAPC
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Fig.5 The “organismoid” research about simulation of life

activity based on nanomaterials
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