2
H39% F 5 ’i ﬂf J;’ Vol. 39, No. 5

2020 £ 9 H Journal of Applied Acoustics September, 2020

o RIS ©

B RAIME R A FLI A S 40 8 AR B
® T R B ERA

(KRR E NIRRT LR KE 300072)

FEEE: 9 T URON TR O (1 W B A T P 00 i DR e (1 S e R, SRR F 7 T T 91 0 B ff JSRE DNA
FE YL B RN . S SR P R P R ALK (0.45 MPa, 10 ws) 251 04 75 X6F 3% 77 46 AN [ B 55 T F 32 . (B 10 vt
JHEN - 0.2 KPa, AL IE N - 40 KPa) 19773 BUBCAI L NIH 3T3 34T FORL DNA # e s, skiss Rk
W, B IR AERE R 5T B A, R DNA B e 3 W 8 v T 15 IR AR S Bl 5 ot L O A o 3k — 20 o o
FLDNA BEAT % 7R i 0] H1 S FR 0 AN 5] NI RR B 4 5 N KL DNA 1 77 30N ] o 2 41 i 4 15 77 72 B 114
eI o b e 7 R L AR /N FLEE NG Y B UK. DN BE 22, T 55 R 78 3 B R B o b ¥ 4 e,
Z IR DNA A DL AF 7 S05 FUAE . 4B 486 B 20 A LR I, B Ak B ot BB TR A N S 2
(1 F WLBDEE e, AT DASESF b S P A A i i Bl R R4S, RIS N8 2 R AE B R o T PR R PR i o B 5 7 1)
YA F LS AR (A0S 22 DLER IR AS A7 78, 4 T 35000 vl (B , SO 5825 5 R A B4 A

SRR T NI s B s 7R B AL

PEFESES: 0429 SCERARIRES: A X EHS: 1000-310X(2020)05-0762-07

DOI: 10.11684/}.iss1.1000-310X.2020.05.015

Matrix rigidity affects sonoporation mediated gene delivery on single cell

RONG Ning WANG Yan FAN Zhenzhen

(School of Precision Instruments and Opto-electronic Engineering, Tianjin University, Tianjin 300072, China)

Abstract: In order to acquire a deep understanding of the influence of physical properties of the extracellular
matrix on single cell gene transfection, this research studies the effects of matrix rigidity on single-cell plasmid
DNA transfection. NIH 3T3 cells were cultured on hydrogels with different rigidities (soft gel substrate: 0.2
kPa, hard gel substrate: 40 kPa), and a high-pressure short-pulse (0.45 MPa, 10 us) ultrasound was used for
gene transfection experiment. The experimental results show that the plasmid DNA transfection efficiency of
cells cultured on a hard substrate is significantly higher than that of cells cultured on a soft gel matrix. Further
fluorescence tracing of plasmid DNA shows that DNA can be intracellular uptake through separate ways for
cells cultured on substrates with different rigidities. When cells are cultured on a rigid substrate, more plasmids
enter the cytoplasm through cell membrane pores generated by sonoporation, while for cells cultured on a soft
substrate, more plasmid DNA can be intracellular uptake through other ways. More F-actin microfilaments in
cells cultured on rigid substrate supported the spreading morphology, while F-actin turned out to be clusters
in cells on soft substrate which made it much easier for endocytosis.
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Fig. 1 Schematic illustration of plasmid transfection
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Fig. 2 Cell morphology cultured on hydrogel with
different rigidities

UKL DNA £ 5758 56 B F 18 0% e K 5%
A RRAR 1 7 ISR Bt R P S I o S A
FH DX 3 5 S S8 AT A o R 75 IR0 AT L I
Fep D SR A8 B 9O BB AT 1D % GETHZ ALY
A R AR T N A ARG B o RS RN S 24 b, X
JEE P Ul X AP 15 B 5 ' R M B e (e 5,
HUER 75 U X IR IL S R G AR AR 8, LA
A — LB T 20 B N .

(6]
e= N5 (1)

W 3(c) Fir s, A TR B P 2% AR B0RD R
(0.45 MPa, 10 pus), i [ 5% 5 R E 55 2% (4 L 2F
HEANL, 23 (05 6 B I RE R R T R Rk
J 5T b R 2



55398 5 53] SRTAE: B NI P LSS A 3 SR R PR 765

P

(b) 40 kPakElk I GFP#ik

15

10 -

BRI DN AR / %

0.2 kPa 40 kPa

(c) FRRIDN AR

K3 @OIFOtEAAMEANERE
Fig. 3 GFP expression in NIH 3T3 cells
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Fig. 4 Plasmid DNA intracellular distribution
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Fig. 5 Statistics of plasmid DNA intracellular distribution
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Fig. 6 Intracellular distribution of F-actin in cells cultured on different rigidities
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