2016-06-20 12:51:19

%5354 4 31y http//lwww.cnki.net/kems/detail/11.2@6% R: 2 5806204251.004.html Vol.35 No.3
2016 4F 6 H Beijing Biomedical Engineering June 2016

TE&PENLM i E A Yy 4y TS Al el S A
SUE TR BR DA FH MR AR

T E BN EWEEILRT T RSB A H 38 W A T AN S R G I R ST E R
IR Ml Dy 58 22— S A AR Ak X R o A 2 i R Y A2 2032 G A o 35 A 2 45 T B D
Sk T T ) EE R SR SR IS v B A O TR R G ] S B A R T 2y KT X OB A i ) i K
Ay BRI TR AR R Al TR SRR A ALK 7, I B AR 7S | A R R DA B B
IRAERGE T, 2 10 S0 B s R AR B A T 5 i o0 R P A O X 4 RS 30 1) 0 it
JHLAE T, DL (658 Y6 HE A (yellow fluorescent protein, YFP)TT}EE’J DNA 1E MR R ric Y, AR R 45
4~ DNA ¥ REHE AL, 13 A6 i B L 9 oK O, 158 FH B G AR 4 R 48, A 41
A5 S A5 S 6 W I AT LA O AU B 3B B S O . SR AEALBORIVE T, M A B YFP
ﬁTu&iﬁﬂ;ﬂcﬁ/\fﬂiﬂ’@#ﬁxﬁélﬁo SEES l*?%ﬂ@%%ﬂﬂﬁ*?f%%%ﬂ%ﬁﬁﬁ?,ﬁ{immﬁﬁu&‘é%?

T A S B A SRS AR et BT, SR BT E LU R 8 S AR W oy 1 I s %
F I R4 ], 3 A U (R >0. 6 W/ em?® ) 15 & 0 9 18 DA T GG Jin ML o o O A 4 R T AL
SCEE T DNA B 40 MR A AT B R GE WG AN K URLIE o v] PR R LR (18 ~20 V., >30 mT) X 4l fifg
St AL 38, 3 e PR T LA R AL T 75 A5 P I B R A P T B I, AT S 30 85 R 1 5 1Y)
R

KRR S REAN K UK MUK BURR B T E 5 R R G T AL

DOI; 10. 3969/j.issn. 1002-3208. 2016.03.02.

FESES R318.04 XHERARERRS A XEHS 1002-3208(2016)03-0226-05

Transmembrane delivery of key biomolecules into the cell
by remote control of mechanical force

HU Mingfeng' ,WANG Yingqi' ,GE Lin' ,FENG Lei'?,LI Bin’, YANG Sheng*, LIU Xiaodong'
1 Department of Biomedical Engineering ,School of Medicine , Tsinghua University , Bejjing 100084 ;
2 Beijing Institute of Medical Device Testing ,Beijjing 101111}
3 Beijing Ruitian Science and Technology Co. ,LTD ,Beijing 100085
4 Department of Electrical Engineering , Tsinghua University , Beijing 100084

[ Abstract] Objective Both basic and applicable research in biomedicine have growing demands in more

effective approaches that build direct connections between molecules, cells, systems and bodies. One of the

solutions is to establish the remote control of cellular
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control of crucial entities and processes at the cell and

through magnetics and ultrasonics, assisted with ultrasound

microbubble , magnetic nanoparticles and mechanosensitive
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ion channels, we propose a novel solution to the remotely controlled cells. Methods We used ultrasonic
generator to stimulate microbubbles around cells to induce mechanical force for membrane sonoporation. Yellow
fluorescent protein ( YFP) expression with fluorescence as the index indicated the efficiency of sonoporation
thus DNA transported under different conditions. For magnetic control of transmembrane Ca’*, chemically-
synthesized magnetic nanoparticles (MNP ) were driven by electromagnetic control system. Results Aided with
mechanical stimuli, substantial amount of YFP plasmids successfully went across cell membrane and got
expressed. The fluorescence of cells co-cultured with MNPs was enhanced upon stimulation of magnetic control
system. Conclusions Our results demonstrate that based on the remote control of mechanical force, one can
achieve the remote control of transmembrane transport of key biomolecules. The transmembrane transport and
expression of DNA can be accomplished through sonoporation ( ultrasound strength: > 0.6 W/cm®) . Cell
membrane excitability as well as Ca® signals could be enhanced through electromagnetics (18 to 20 V,>30 mT).
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Figure 1 Experimental system of sonoporation
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Figure 2 Remote control of transmembrane
delivery of DNA
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system and characterizations of MNP
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Figure 4 Remote control of transmembrane Ca**signals
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