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Abstract : This article describes a state-of-the art review in nano-biomanipulation technologies. Nanomanipulation of biological
objects enables an in-depth study of single molecules such as DNA and RNA, and of biophysical events at the molecular level like
molecular motors. Controlled nanomanipulation is challenging but essential for precisely engineering biomolecules or cells and for
manufacturing functional nano-biosystems. In this paper, we summarize several contact, non-contact and hybrid methods available
for nanomanipulation of biological objects. Advantages currently available methods and their limitations are also compared. Finally,
we discuss possible applications of nano-biomanipulation technologies to life science and molecular medicine including cell biology,

genetic engineering, biophysics, and biochemistry.
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Fig. 1. Schematic diagram of the F1-ATPase biomolecular motor-
powered nanomechanical device [2].
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Table 1. Classification of nano-bio manipulation methods.
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Single nanotweezer [17]
&2 Micro-capillary/pipette-based positioning [18]
AFM/STM manipulation [19]

Massively parallel gripper arrays [25]
Mating patterns of self-assembling onolayers [26]

Dielectrophoretic trapping [27]
Magnetic field-based [28]
Ultrasonic-based [29]

Optical trapping [20]
Magnetic tweezer [21]

Combined AFM and optical trapping [22]
=3+ Combined AFM and fluorescence [23]
Combined optical trapping and fluorescence [24]

Hydrodynamic/electro-osmotic manipulation [30,31]
Vibratory agitation and electrostatic force fields [32]
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Fig. 2. Classification of micro-manomanipulation technology.
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Fig. 3. AFM topograph of dissected chromosome [38].

T 4. HajEAto] Antel 2] 2] gl Alo] [10].
Fig. 4. Controlled dissection and manipulation of TMV particle on
graphite [10].
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Fig. 5. System setup of nanomanipulator system [10].
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Fig. 6. Binding force measurement in ptrotein stretching using a
controlled AFM experiment [8].
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Fig. 7. Measurement of structural change induced by DNA-RNA
transcription.
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Fig. 8. DNA attachement using avidin-biotin [34].
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Fig. 10. Dielectrophoretic trapping of DNA [58}.

Liphardt [713= 71A12S1 &oll 9JsiA] shte] RNA 2449 7}

HAEZY (reversible unfolding) & ZAFIR L, ©] ¥h3-9] Fst
A uke-e ARSI Waite [5313= sty AEER
A3 frAlAlels} spet 23 V)5S ZE vvle @l Al

=] x]. 2 ZLo.

==

1.2 X} 2E{(molecular motors)

Funatsu [54]$} Svoboda [55]%= 8hte] 714l #2185 #2s)
3L 7AHR At ATP 4EEE Aolel BAE AT
t} Pt og spFo| ujze Rakg sl ks
o] Farg 7h-tig nlo]A 2 w|AR} FESHA "k 7
yjale] wlo)laz mA#e mekd £2d uw v=E g7
719 Bl gmm AES) $Fo| Fexd Weg olgal
o Z4gck

Finer [56]2 H® pAES} &3 7]

rlr
=
to
"
W
P

11, No. 4, April 2005 357

et e deplEE G Fo & H|=o o3t
BWpshA Solvbed oled dAe HEMEE ve
A2 2D Ay FKsilica) H|Z ZHE &
gy Hhie uze WMYE FHFoan vl 3
9L ZAE 4 itk

FerE 8 e 3, WY SPWnt o} Aol ARE-

J

ﬁ
<
¥
©
o
[g)
o
o Mz

2 4+ U] WEol DNASH Tl AFo) w)$ 4Fe)
e QAEVAE gel o] e uPReln mie|
opeel ez FA Wtk KUT BATS el Bl
AR glo] U ofalr) mgel £apt ulzol Eol3e]
ofat Fitk= Aolch meb sheHel Fo1E Mske Aol
2 a8k

2. |RNA=EL2 o83t ==K dielectrophoretic manipulation)

Pohl [57]2 4Rl g AR AT FHET =
ARt dA7E FAA mAE el wige g o
A7) AAE BFFAT QAR A SR RHE

2 Z7T 9 A7) o] A3 gkod Uk /A
FE Y (Fpgp) = A Eh
Fppp =27,a° Re{K(a))}v\Ez\ (1)
7)1, B A71E, wi fieldd] 245, ats YAk WSS
AT Kw)E Clausis-Mossoti ZEJIH] o] 22 Y=o} vl
[}

Al @M shewlEls) W@r)ake) Fogo)
oleld WElol] T Wold, A e W7

(e} ]
S fHgFoR o

—

dielectrophoresis) &2 ©]EdAL &2

Eé‘]_r/}.
1 frgss ol3st 28
]{ = A7|Fog ¢lele] DNAE o & B8

NHE gdoz o)Fdht M fHGE o3 3§
(dielectrophoretic force) = 718717} F43] ¥ake 2 A7)
o] A7|AL 0|23 AL DNAE ZFsr] 8l A8
2= ¢Jtk. Washizu [S] 10° Vim, 1 MHz 71738 947] 1814
nlolaZ FEE ARSI o3t MUEE ol&she
2Jo)A, DNAE 3% Eo] A5 B4 Hal ¢4:s] 5o
A Fok Asbury [81E 718717F FEHA ®ske A7AE
WE7] feid F ) mlg- ke 245 o84S T
o] ¥ A7|F (oscillating field) ©] -2 ulf, DNA A=
7he 2748 2AE 2He & A7 FFel ZA Ha
a8 10914 AE 2MZE b smme] B2 AlFHETh
AR AANA (static fieldT} AFol HeE 271G (oscﬂlation
field) < 4]914], DNA A= 3% BAZolA TheE % BA
2|2 olFd £ 3, FAMYE wEhx Feg ?JH% }e}
29 = Utk Bakewell [S93= DNAYS] & +HFE<
BT 4 A3 ¥ES Helvhs 2 WAt
FAAGES o]g3 yEupHL do g e WAFE P
AA7]7) o H AL, B FuoA] B Ao 8757 o
Bol F}HA] isﬁ W da) AREAE @tk B X
3 gibe = AR ol dAke} viziEe] st oE
3}7] wlEe vH7Ha°ﬂ FFe gol Be 54| Atk
electr

2.2 M7|&7 v (electroporation)



358

Hol3ls AlES 3jehd, ABSHH WEES BESHH g
(membrane) H || 7 (electroporationy S ©|-8-5
o 278 4 vl TE AL AFEStelA B2 2
EES %Eob_ Ze}zn) ke Fl2AE TEd ZolE S5
Gk o] fiE Agteg AMEuo] FUAA H3 AEwe
Fapdel g AxHol FUAE AL AFEZE & F gl
7] W@l vFd 2k NEES FyA)y)A] i Ao}
A AE ¢t 2 Eolz 4= Itk Lundgvist [13]F DNASH
gF EAE AE oz Wy Yl A7EF A28 g
‘3}@‘3} Zimmerman [14]2 21 DNAS} 22V =8 A71%

2 (electroporation) & ©)-&3le] IH-Fo] MEQPo R F3}
°*E¥ Archer [6012 7157 ubgo] AX Fejet AE F7)
Agho| v|x]= g A F R = %i]ix]‘?}, gl g
27} A7)l mEgol 93 |
stk

ANEA e AERS g s dolgls
AEe HA 24e hsal shET w3, B B 2
85 (high spatial resolution) ©-& 18] 77k Agld] U=
¥Eo] & xgg].?slﬂ xggg]ﬂ EQS 72 4% =P
HAZ 7FssA sk e o)e)dh who) Eakgol gtk
T #le 47] fEiME o Be 3ol asit

=2

ol
rlo ol

J

o

m

2l
3
2

mor

=
Eis)

V. 7|E} =5 4y

;|LA0404 RoH DleXI-I:H

Hirano [61]9} Katsura [62]°] 2J3) 7jdbe whye
£ Yol A dlite] DNARALS 23}l AHR-2
Sul7) doiglS u, DNASH e guigle] B4EE
defe] Buff <ol BF3]A| Hth DNA £2HE £33}
dolgl= AlHe] w9 2RE B1o| focused YAG # o] 4]
o|-g3le] Fold 4 9lrh @leld A (laser spot)S ©]EA]
o2X B BES ulE £ 9lu DNAYE 28 11949 2
o] I ol A& wEhA 2RItk tile] ojo] ek
2 4B 3552 Ysled ARREH T 5 BELS 10mW
o] #ojx 2 gEE) o)A Mol UE wEA &2
ol UA= thA GA HER A9 &3 vz
2lsl4E DNAS % 15mm/min H =7} Hol Eo|ct

o] 7|&9 4%t AHL DNAE FH|E Favl glx a}
g2 w27t d sy edvhis Aot} a9y g3 vz
Aol digk dlo)q shele FeRAle] B4R o Zlftﬂ,

112
A 1S
X2
s

A
vk

lﬂ

I'J fo
¥

A -

=

PO T ) A S £ 54

I8 11 G983l vz (62].
Fig. 11. Local area melting micromanipulation [62].
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