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Advances in artificial cells based on microfluidic chips
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Abstract: One of the main goals of synthetic biology is to build artificial cells in a bottom-up
manner, which not only facilitates the deep understanding of the origin of life and cell function
but also plays a critical role in the research fields such as the development of artificial cell
chassis, tissue models, engineering drug delivery systems, and drug screening tools. However,
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achieving this goal is extremely challenging. The complexity of cell structures and the
miniaturization and diversity of basic modules pose high requirements for the construction
methods. The microfluidic chip, as an advanced microanalysis system, serves as an effective
tool for building artificial cells. It can accurately control the structure and local
microenvironment of artificial cells, becoming the preferred approach for the current research
on synthetic life. This article reviewed the methods of constructing, manipulating, and analyzed
artificial cells based on microfluidic chips, emphasized the importance of the microenvironment for
life systems and artificial self-sustaining systems. In addition, this article demonstrated the wide
applications of artificial cells in multiple critical biomedical fields. Exploring the advantages,
disadvantages, and application performance of different microfluidic methods can enrich our
knowledge about artificial cell research. Finally, we made an outlook on the development of

artificial cell research based on microfluidics, expecting that this field can achieve greater

breakthroughs and progress.

Keywords: synthetic biology; giant liposomes; microenvironment; compartment structure
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Table 1

Classification and main characteristics of artificial cells

Artificial cells  Structural units Advantages Limitations References
Liposomes Phospholipid High biocompatibility, High permeability, lateral mobility, [3,11-35]
functionalization, and and sensitivity, low stability and
biomimicry chemical versatility
Polymersomes Amphiphilic polymers  High stability, tough and more Low molecular permeability and [36-37]
chemical versatility lateral mobility
Hybrid vesicles Phospholipid/polymers High stability, controllability,  Exhaustive formation process, (4]
and functionalization phase separation, domain fission
Droplets Phospholipid, Good monodispersity and Organic residues [5,38-48]
polyelectrolytes, convenient preparation
biomacromolecules
DIBs Phospholipid Good cell communication High membrane permeability, low  [6-7,43]
model, high biocompatibility  stability and chemical versatility
Colloidosomes Inorganic and/or organic High chemical versatility, low Low encapsulation rate, harsh [8]
polymers mass transfer resistance chemical crosslinking process
MOFs Metal/organic materials High stability and specific Complex preparation process [9,49-50]
surface area
Coacervates Polyelectrolytes, Mimic biological condensed Structural instability [10,51]
biomacromolecules phases, high biocompatibility
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Several common microfluidic methods for artificial-cell construction. A: Preparation of giant lipid
vesicles on hydrophilic polydimethylsiloxane (PDMS) microarray chip!'?

. B: Double-emulsion droplets

. C: Octanol-assisted hposome assembly-based liposome

production and purification!"". D: Microfluidic preparation of double emulsions with distinct interior

liposomes and the dewetting process'*..

WUZREEERE T 25 AR AT R FHAS [R) it 7 A e
Sl oE . HRT, e T —Fh i o 8 R
W #5 K 7K /il /7K (water/oil/water, W/O/W)W i
WAL, TEHAAL R AR S 4500 7 EAfd
B B/ IO 1 2 A (B 1B B )2
TR B A T 5 2e R SR K -, AL PR SR 43
U RAEIMAE R, T LR K Al K FLIR S £ BR
eh a5 IR0 7 AR ECA A s, RAR
i HY B AT BPE (CV<5%) . FESL LR F Ak 2
P4l B () i T MR 2 28 (R 1O S . 9 L
ALK - ALK LR, AT LA AN
Fragi™, ok, WA . A H bk A
1 IR AT 7 AR BT WO N T AR B 25 A
Bt SO TGO BOR ) R i, A2 4

http://journals.im.ac.cn/cjben

B S IE S o M B, WA 3D FTEIAR
il 38 N T2 B R — P R PR iy 2, S

PRMERE /N . PR, HERR SHRKE ARSI
A 2% N 4% g )

2.2 mngwmﬁ

X bR A P2 ) — A A 2RI, i
i DX A AT DL S B A 2% {H W 1) 22 1) PN 2 A
RELZ, ARVFARMLZEREILTE, @y fheibs
I, EFREE ORI R B N Ay . B
Ah, KEAIE R TR NS4 & T 23R
A 1o R T A A LA AR AR R N T4
JiL, HAF A R X = A AR T
TSR W] LAXT [ 2 2 ok e S 0 RO 1 o
SR IX B LA AR — 212 n] DL



BEE % | BETRRESHFMATHRBARER 2105

)R ZRERING R AR S 2 X = 4500,
UEAh, I BRI R R AL, R AR T L
77 A R T YR T ) 002 4 X2 AR o 2 A O 7
TS X E AR LSRR 1, R - 2 1 ik,
AT LR R b2 TS 5 il R i B A X
TRZsHE, SRR B AR 1 T B R s S T R,
WO B T LU s il 2 = 483, RS
TE X ZHCR RN LR R AN W
T LASE 2o S 1A R T T Re AL, RIS gk
SELIX E E AR SR 24 PR R R
A 3 RO YRR A P O 3k 43 2 A 2 ok S IR T
ghky, TR o RO 2 AR R . I
H, i ik 4 2 X 3 G540 AT DL (LAt A%
e . RIS R S TR, AR LR A
KM AT LS B AZ IR a2 i FR (&1 1D,
SR, B H 5% AT AR A 75— 2 A e 7, 3T
W 2= N T ANA v IR S8 iR
ORI R, B FE Ab BETRERY
LUVs 540 a8 RoF A, ol B T4y X
EHE, [FEH AT DR SUVs 1R R 2Ll B
YR X E L5,
2.3 FEEESBIER

N T AHARARRSEL o iR 2k 32224 3 Al
B — Tl R A R R P R Xl 2 e iR e A
GyP0 T RE R A A SR E TR, RE
B y, WOR G0 Rk R G AE
PR A AR AR PR DT, Mo, IS
T R B R G RE O i T B AR 1 BT 0 PR
PRS0 LA B A AR 2 1 A 22 AL S5 Y
IR M AT SR B i) i P 2 1 23R 1, Zhou 251
V5 10 441 M 2 3% 0 JRH 16 R 0 1) 1 O D E K
BERA Y EIRE, FFH BB BIAR FIAZ IR 5 4
FEKBEERE N 5 7278 7290 0 R BE SRR AL
N T rfaE KB EABTED 11d; 1/ lac
ERO\F 200 1O A B R AR R, AT DA PR

&: 010-64807509

0] 7 P £ 2 g S 9 2 -B-D- 1B AR 2 LA
WAk . Lai %LU & Ouyang %575 3
filh_Eom At RS OE B9 R BT Sk s [a] 43 i)
feimE) 16 d #1130 do 55 =y A T 40
MO HRAE TR, 3 eEfL . 25 R i A S
JEE b SO o s
24 HiHEHRHEE

bR T RESS A N YRR, TR
LA B R U000 o it B OV g B T A R AE
G5t KM R R GRS N LA, B
i 1) FH 2 10 it P 2 T AR, | R 2 LA
T 56 B FS R 2203 SSE 2 54 55 o oK e
JB D 28 AT DABEADL A BB 2R, B SR R TR X2 i
il R, IF AT DA A [ g8 K R R T
eI, peah, —sERYMER, MR
PR (N-52 S S e, o m] LATE A
AL R B AR5 4L o A ) 20 M 1 S R AR AR
FE AR AR I RE o DI, RN A A 2 e A
HEIS I 0 BE 25 A A S S AR AT A U 2 2 2
KT 2 AL S AL SRR, AT UK SR
SR TR A B SR A4 R W 4% 42
SEPRAN A RERLILT £ B aE L bR S HE B
TE AR . BN Mz b e P
EH . 76 pm R R EAZ IR £
R —H R — B Kk . A, Zhang 2
WL 3D ATEN S T — R B 70 ARG ORE - 1Y
22 WA FUKBEREA, RS ) 5 XSt T
B LY RS YER A AT g AR E N T 2F £ )
e, N T ERIMBFRENWIKTERE . milbt
PERE AU A, o] Z R sl e
2.5 FEEBATHAEAIH&E

A 9N T 40 B T BUR 2408 F 2426 Ty
W, MR R EIRFEEN, E2ARE L
W oA P4k o X — 5 ik faj o H PRk
(BB BN T A0 RO B Bk e 2, A2 ™

B<: cjb@im.ac.cn



2106 ISSN 1000-3061 CN 11-1998/Q 4=4# T #2244k  Chin J Biotech

BB MRS EOR AT LA iy A 4% 7
MR ET BRT AR, R N A
Pl ] 2 i T AR I A 2 35 05 18, AE
PRl SR AN BRI T R I R G R T AR o T
R ARl o i A P LR RO 2 A R SRR 2R, ] LA
SRR T W) BRBE AR VR BE [ 5575

3 AT @l imERE

PR R A — A SEBR #Are THR Y
ERINRE, REUSH Z A ThRERI L A B i
Fb o AHEEALNG 7E B —h B T 4
W AT AR e, 7 T4 A R A s B AT
St ol — B3RP SRR I B LA 28
PR, an AN TN TE RN 2 AT ) B 525 45 e
A T I RSB s R T AR SRR RS RRE
BB AIR S, FE AT LA BR A Fh TG e AU
3.1 IR, Ban. RAKIEH

Y AN B2 VSO B 7 ek VA vl W R P
5. SRR R . S, B
Sl T BORUT T 4 [ SRRk . A
FFGAER o Bln, DOvE vk A A T 40
R, MIAE G HAEG] 2 M. XA
Jr AT B, (EL T R W R Nl kg TR
SELE R RN SR AR . AL, DTTE TR TC IR AL
MoE AL . . A IR — Pl AT B
AATEIEE . Hodp, BT AR MR
By o WL, AT BTG, SRR
4, FrRic YT e XT 4 i D R B — 2 S .
HET, 7ERE 225 i /i 38 A 25 55 20 B & Ak
AT — R E U S TR RN AN
B A ZE ERE R, T S B A R s
KR EATT LN, (HUAAEN T4
it 39 SRS, T L3 3 g 2 0 A — 52 BT VIR
) 4% il B P AT LA AT 40 R A T 5 A A
s . Ho, SBEA R s s HlKE, AT

http://journals.im.ac.cn/cjben

W BN N T4 B e o7 AE GE 1B R E 6, ]
DL 2 4 R B Sk ] I 24 o) Z2 A 2 o
S MG A, LA B R K a2
KBNS RAOKAET s o, FOCH R ek sh
BRRACKAE, WS REMERG I B LN RET . SR
M, SEEMEER A E & e, i
Pk PR R . RIEAAE, RHERMN
PRVE L (B2, SRR T 28N
SZ4%, HALgnlREs | A H ik 25 6 1 52 i 0
32 Hik

N T 240 i ] 8 A A TG 2 3 38 AR 1) PR 0
P, T Bk A R AR AN A, LA
5 et o™, [, il s AR R v
72 A ) — BB B B R AR P A X I 2
TR, i, s A4 v R E R R 5E
Bl PO A A3 O IR AT DA 2 4 B R R A
W A A SRR AR H AR T 400, Atk
KA il B H AR A oK X8y A 36 3 T
T A AR E AR T Y T 840 1y i A
BTk sh ik k%, Hd, vl
HL UK A E N FH Tz, ARSI R Y A il o,
WA LA R A S A o FESEhrEh, %
T RAT 898k 8h i fe faf . mT LA R BCi A
(E 2A)®1 ) FE Aol [ Bt il 3 — S At R 3
BT PN T 4N, DT 2 T R 22 S 5 B4
VEDIRE, AT DA O 8 = R, AR PR AR I A
A2 A5 A kAT I (F 2B)™,
3.3 BEREST

EN TR E e getoirh, R EfE
FEE Bl RS IR E AR, DU IR BRI,
R, R T — Rl R, REAERS
HEHKE FIF T LI X G2, S F g e
G 35 1% s oy B S BRI T B iR A A e HoA
FEE N, it BMES ST, el
FAHEBRXS, #Hm5F T X E TRk



BEE % | BETRRESHFMATHRBARER 2107

: B
Inlet 1 Inlet 2 Dummy Siafint
éb_ e L@g—T— Trap =~
e = 7 _ GU[/S, .
/// \
./// ; .
G v." *
Bump mode 1 :
. 4

[ Zigzag mode

N

Trapping region

Q )

Selectmn region

s

B2 AIHBRMMRESESGZE

ixy Ure

@ Oil droplet wilishg S
Dye molecule/SUV o &
K

; gt N
Deformed oil |, . * Q\‘f/

GUV droplets R

o\

—
—
=
=

Pinched segment \

Spreading streamlines

Outlet 111

l

Figure 2 Microfluidic sorting method for artificial cells. A: Integrated microfluidic system for size-based

selection and trapping of giant vesicles'®'

width comparable to the diameter of GUVs!*?!.

RIS N2 My o A X7 AR A
 HE AT, (HACRAIR L. O T i m Y
Fs kR, WIS R ARSI 2R FLEOR
ST R L — N AR Y [ B T S R4, e
R A 4 i B VL N A B IR EOR
BRI ATRE i HASCRER R, ARk I T AT g
SN2 o MRSl Yuan S5 R 6 R4 GE
EAN ST, B AN L 3 R R S AL A
VN =R 33 R i S SN TS I i)
A A B SN, ARA B RS i A ICRURY,

4 BoRESH LA TR
THRRR
A P TSR 5T 5 3 A

Jiif e — SRR XA AR RS, IS
— R G N ARG, G R A i

VIR AE RN, IRARITEEINRIL . 4
A A AR A PR B LA K% A i 1) 5 TR A5 i 22 4R

%?‘L%ﬂfo

&: 010-64807509

1. B: Vesicles purification using a narrow pinched-segment with a
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