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Abstract:The construction of artificial cells with specific cell mimic functions helps to explore the complex
biological reaction processes and cellular functions in natural biological cell systems, and provides
convenience for the in-depth understanding of the origin of life. Artificial cell construction method, based on
the top-down and bottom-up principle, in the past few decades have made great progress and extensive
application. Build strategy based on artificial cells, human cells can be divided into "top-down" artificial cells
and "bottom-up" cells. Bottom-up complementary branch of synthetic biology is a new, it sought from natural
or synthetic ingredients to build artificial cells. One of the goals of bottom-up synthetic biology is to construct
or mimic the complex pathways present in the cells of natural organisms. Artificial cells derived from lipids,
polymer, lipid/polymer hybrid body, natural cell membrane, metal - organic frameworks and condensed matter
and so on. With the real human cells can be various substances in the cell such as proteins, genes, such as
mitochondria in the surface or wrapped in internal and are endowed with various functions. Moreover,
artificial cells can be used as a drug delivery system and a carrier of information exchange. In addition,
artificial cells can also replace the damaged cells to restore the normal operation of the body. Here, we first
introduced the method based on bottom-up strategy to build artificial cells and classification; Then the various

applications of artificial cells are discussed. Finally, the future development of artificial cells is prospected.
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Bioapplications
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Fig 1 Schematic representation of artificial cells constructed by top-down and bottom-up
approaches.
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Fig 2 Different sizes of phospholipid vesicle lipid membrane model system. SUV, small unilamellar
vesicles; LUV, large unilamellar vesicles; GUV, giant unilamellar vesicle!¥”. Reproduced with permission
from ref 37. Copyright 2018 Royal Society of Chemistry.
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Fig 3 Phospholipid vesicle artificial cell diagram. (A) Schematic representation of persistently
administered aromatic phospholipid vesiclesl. Reproduced with permission from ref 43. Copyright 2023
Nature Publishing Group. (B) the composition of phospholipid vesicle nano reactor and cascade reaction

scheme (left) and based on the cascade reaction mechanism of the anti-tumor treatment (right)!6l,
Reproduced with permission from ref 45. Copyright 2017 Nature Publishing Group.
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Fig 4 Universal phase diagrams of aqueous solutions of two neutral polymers. Each of
the polymer concentration in the top and bottom phase consists of the cables and the
coexistence of intersection are given. Here, points 2, 3, and 4 lie above the coexistence curve
and therefore exist as two phases. On these points located on the same line, so they are at the

top and bottom phase, respectively, by the point 1 phase (top) and 5 (phase) at the bottom of



the specified, but different size!*’!. Reproduced with permission from ref 49. Copyright 2012

American Chemical Society.
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(a, Positively Charged Vesicles ,PCV)F1 51 ELEEER %/ (b, Negatively Charged Vesicles, NCV)sMERIFERX
HRRT BAFKMEKRNARENZEHTI, ZUFREHESEH 54. HRIEAE 2022 John Wiley
and Sons Inc. (B)&BRERENME. ()N 1,2- Z 488 -n-Hh-3-#A5ABRE (1,2-dipalmitoyl-sn-
glycero-3-phosphocholine, DPPC)(5.0wt%) /& 8 DNA/Z Z.B% Z. & A IEHERT 5 B ifE I =14 (ZD) AE R AU R
ERGEEREG), FAENDIFE, BRESNBIEMNECERNL). (b)BNEEREN=IA(E)FHERK
B9 2D(FP)FNEREE 3D (B) WAHREERREIGS). ZFHHBESE M 55, MIFTA 2021
American Chemical Society.
Fig 5 Schematic diagram of the construction of condensed artificial cells. (A) sodium
alginate and cationic silk fibroin membrane structure of vacuoles. With FITC - glucan
(green fluorescence, hydrophilic) and Nile red dye (red fluorescence, hydrophobic) high
power laser scanning electron microscope (sem) images showed that positive condensed
vesicles (a, Positively Charged Vesicles, PCV) and negatively charged condensing vesicles (b,
Negatively Charged Vesicles, NCV) local area shows the two groups in the outer membrane
hydrophilic and hydrophobic nano layer arranged alternately!>!. Reproduced with
permission from ref 54. Copyright 2022 John Wiley and Sons Inc. (B) Construction of
membrane-containing condensates droplets. (a) Bright field (left) and corresponding
fluorescence microscopy image (right) of a DNA/ diethylamino-dextran condensates droplet
after addition of 1, 2-dipalmitoyl-N-glycerol-3-phosphatidylcholine (1,2-dipalmitoyl-sn-
glycero-3-phosphocholine, DPPC)(5.0wt%) and stained with the dye Dil, showing a
continuous phospholipid outer membrane (red fluorescence). (b) Bright-field (left) and
corresponding 2D(middle) and reconstructed 3D (right) fluorescence confocal microscopy
images of a single condensate droplet’>>l. Reproduced with permission from ref 55.

Copyright 2021 American Chemical Society.
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Fig 6 The polymer model. (A) reverse miniernulsion were limited interface of silica in
the condensation process diagram!®’, Reproduced with permission from ref 60. Copyright
2023 WILEY VCH. (B) through the coupling of positive and negative feedback loop,
simulation of the transient intracellular acidification, local pH oscillation in self-
regulation/®!l, Reproduced with permission from ref 61.Copyright 2022 Nature Publishing
Group.
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Fig 7 Schematic representation of an artificial cell as a metabolic pathway and
signaling network. (A) Lipid and catalytic coevolution scheme. (a) by nuclear enzyme
catalytic synthesis of phospholipid fatty acids. (b) the presence of phospholipids promoted
the competitive growth of hybrid membranes. (¢) Fatty acids in the mixed membrane
increase the permeability to small metabolic building blocks. The phospholipids in (d) mixed

membranes increase the stability against divalent cations and (e) proteinbased enzymes!63],



Reproduced with permission from ref 63. Copyright 2018 WILEY VCH. (B) molecules
across the membrane transport sketch vesicle fusion. ""(a) Schematic representation of
rhodamine B isothiocyanate-glucan transmembrane transport, which is mediated by fusion
between glucosides and glucosamine." (b) Schematic representation of transmembrane
molecular transport based on fusion and its downstream metabolism simulation in artificial
cells!®l, Reproduced with permission from ref 65. Copyright 2020 American Chemical
Society. (C) signal amplifying communication pathway between two artificial cell design. (a)
In an artificial cell population, signal molecules produced by the sender diffuse into the
receiver, where they are sensed, processed, and an internal response is produced. (b) Signal
amplification in the artificial cell population of the receiver allows long-distance
communication/®%l, Reproduced with permission from ref 66. Copyright 2020 Nature
Publishing Group. (D) An artificial signal transduction system based on GMVs. Artificial
cells (GMVB) membrane protein sample irritants stimulate another artificial receptors on
cells (GMVA) release the single-strand DNA messenger, activate the synthesis of internal
flow across the membrane channel cause ions, triggering GMVA signal in the reaction!”l,
Reproduced with permission from ref 73. Copyright 2021 American Chemical Society.

3.2 EARMERRIA

N 40 B SE IR 7€ Th RE ) — A R BN Rk B R E B . O 7 IR RS REAT
BRI A S, FEAN TP BT 2 A RN . N T 40 A
AN 2 1AL R B g #, B T N A M s RO v 5t g JSobA R 6 ] - 41 26
Tl BT R G R I 1 B N T4, T 0 XU R A 58 T DA i ) 2 (8 A 00 1 A T i
I T AR EAE U4, DA ST HE 5 2% DN AR B R Th g, X AR HoA X = T H o
AR TCIRSE I . Huil7O%5 N FEAE B 2R, B IR 000 i 0 ) Vb O 4 A e e M 2 1 T IR UK
i  ( Lymphocyte-Specific Protein-Tyrosine Kinase, Lck ) Fl 43 1k #% 3 (Cluster Of
Differentiation, CD3C) F B b 18 [ LUV P AR B 1%, I HLBE IR AL I8 E 5 | A iU B 2 IE
R (B 8A). Wi EH e T 4052 /& (T Cell Receptor, TCR) ML i {5 5 M 4%, ¥4tk
ARSI 2B ARSI rh, EXUZR IR L 1l A X e A AT A 23R e . AR N T 48
M RT AL R B AVE FRY, (H2 T N LA g s 2 HFERE R ANE F=M5T, BT DA i
RENE K IRIE B A N TS R AT SN GRS 1 Pkl Lail/ 5 AHAEE 1 —Fin] LK IER

i

TEFE T B AT T4, Jd Pt 2 A AR R3S (Histidine-Tag, His-tag)id At 4



PR B KRR SR AW E 22 b, SR )5 His-tag Fric I H ORI R 3E R 4010 8 1A R 1 [ e
FEKEER L (] 8B)« 2 N T A A s 7K M i N T 40 B A B2 o e Al e 5 B
Vst JUAN A AR I ik BRI A% 326 35y T N S B AR S PR RO e TR . Ak, Xul™)
GNAMANEAA R, 5 RN IR ERE 2 DR 0 4 AR IS AL T
NN o 3 5 A2 1) 53 75 P 4 AT A1 9 (R T B A0 0 A1 B0 L T ) 0 36 [0 4l R M L 37 Ak
B, AR A A B A R R A AR A T IZ B D REAE A R B T L B ) R R A
Z N A0 AR BT 1 40 0 SR 40 M Re e 2R AT S 2R RO N, b e R A 3 O 19 ) P A
742 ATP (Adenosine Triphosphate ,ATP), F4% & T & 15 (1) 41 1 J& IR 33 AL 1) ok S Ak o1
SEATE P

A Liposome membrane ATP Liposome membrane
* = - * — * * * *
Rhod Rhod
SNAP
i tSH2
Lck
CD3g pCD3(
15H2
SNao
B ]
0
(" " n : His-tagged
oy NH; e Y protein
s ) L s i,
NHS satar 5' NHy-labelled o mg-tslgt"d o
incorporated His-tag aptamer proin
PA gel

SIEAEBRMERRIMATARTEE. (AL T ISHETREHIREEBEBIRN X,
RTINS T8 £ CD3CHIBEER LS. KR53 BEE3CHk 76, MALETE 2014 Nature Publishing
Group. (B)# His-tag &AL FHER R GEL BRI & RURIEE" . 1A ESE S 77, ARALER
7 2020 American Chemical Society
Fig 8 Sketch as protein and gene expression of human cells. (A) describes the dynamic
detection method based on fluorescence resonance energy transfer, used to monitor the
phospholipid vesicles on CD3 zeta phosphorylation!’®l. Reproduced with permission from ref
76. Copyright 2014 Nature Publishing Group. (B) Schematic of the synthesis of anti-His-Tag
aptamer grafted polyacrylamide hydrogel”’l. Reproduced with permission from ref 77.
Copyright 2020 American Chemical Society.
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Fig 9 (A) Schematic overview of the cell-free lipid synthesis system. 34, Reproduced
with permission from ref 84. Copyright 2022 Nature Publishing Group. (B) Schematic of the
mechanical separation of phospholipid vesicles!®!, Reproduced with permission from ref 86.

Copyright 2018 American Chemical Society.
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Fig 10 Schematic representation of artificial cells as vessels for signal transduction and
biochemical reactions. (A) build biomimetic vesicles of artificial molecular signaling
system!®ll, Reproduced with permission from ref 91. Copyright 2020 Nature Publishing
Group. (B) multilayer droplets (right) diagram, is next to eukaryotic cells (left). Based on
droplet microfluidics technology is used to single lipid vesicles encapsulated within the water
droplets, hierarchical cell structure®?. Reproduced with permission from ref 92. Copyright
2017 The Royal Society of Chemistry.
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Fig 11 Schematic representation of an artificial cell as a drug delivery system. (A)
phospholipid vesicles library®.. Reproduced with permission from ref 93. Copyright 2023

ELSEVIER INC.

(B) Schematic Illustration of the Synthesis of protoporphyrin IX -encapsulated FellITA
NPs followed by decoration with cracked cancer cell membranes and the Combined Effects
of PTT/PDT against Tumors[94]. Reproduced with permission from ref 94. Copyright 2020
American Chemical Society.
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Fig 12 Schematic diagram of the design and construction of artificial red blood cells
and their resulting properties®. Reproduced with permission from ref 95. Copyright 2020
American Chemical Society. (B) Synthesis of platelet-like nanoparticles by layer-by-layer
synthesis®’l. Reproduced with permission from ref 97. Copyright 2015 American Chemical

Society. (C) Schematic of the biochemical processes inside the artificial beta cells!'%),

Reproduced with permission from ref 100. Copyright 2018 Nature Research.
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Fig 13 Artificial cell diagram for enzyme and gene therapy. (A) Construction and
identification of artificial cells of erythrocyte membrane-encapsulated condensates!!*1,
Reproduced with permission from ref 101. Copyright 2020 Nature Research. (B)
Preparation and characterization of artificial cells using cancer cell-derived histones and
membranes!'"?, Reproduced with permission from ref 102. Copyright 2020 RSC Pub.
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Fig 14 (A) Depiction of highly efficient life-support intracellular opto-driven system,
proceeding from the isolation of plant photosystem and assembly into nanoparticle, through
conversion of optical energy to chemical energy (ATP) to powering cells"’’.Reproduced with

permission from ref 107.Copyright 2018 WILEY VCH. (B) Encapsulation of a functional
thylakoid membrane-based energy module in microdroplets and light-driven enzymatic
reaction coupled to TEM in microdroplets!'%l. Reproduced with permission from ref
108.Copyright 2020 AAAS.
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