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Applications in Life Science of Single-molecule Optical Tweezers

Feng Nan, Gao Ying*

(National Center for Protein Science Shanghai, Institute of Biochemistry and Cell Biology,
Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 200031, China)

Abstract Optical tweezers are an emerging optical technology with high-resolution for investigating real-
time dynamics of macromolecules and complexes at single-molecule levels. With a sub millisecond time response,
it is utilized to determine the intermediate states and folding rates. Optical tweezers are very sensitive for a force
change in response of end-to-end length change of a molecule. Therefore it can accurately provide the informa-
tion for mechanical forces, conformational changes and energy, which are the key information for kinetic studies.
Furthermore, unlike the conventional structural biology methods, optical tweezers experiments are performed in a

physiological condition. With all these advantages, optical tweezers became an irreplaceable biophysical method
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for studying dynamic biological processes. In this review, we mainly focus on the basic principles of optical twee-

zers and their applications especially in protein folding, chromatin remodeling and other molecular motors. We also

briefly discuss the future developments of this technology.

Keywords

VANIVEE IRPNE 28/ WISt 7/BUR Pl B8 N
[ AN 8 B 5 S NDNASYT T BRNAZYS 1~ 2 [ 1)
BNEARGEI o AFREA AR DA TN 53 R 2 W ik
A, AT T H A ) SO RN T RE N 5 i PR I
A ANATAS TR 2 Tk 25 O AR K& 1F
SaE R RNL DI R IS RN N S B S (S5 4EEL7/ DN
GBI AT . RIS P RORBE T A 2 1)
B, JCHIE BN SR S A AR I sh AR
MR A BRI )

AT, P FHEARFE S PRI, — KA
TR Ry FHR, FEAFE ROt
P7 B & ¥ # $i K(single molecule fluorescence reso-
nance energy transfer, smFRET)", %A 5¢ 18 £ AR
(fluorescence correlation spectroscopy, FCS) A1 Bifi Hl
N 2 1 B BlUBE B AR (stochastic optical reconstruc-
tion microscopy, STORM)®%%, LISTORM A 4], &
K H o B ¢ ' 48 £ (photo-switchable fluorescent

single molecule; optical tweezers; optical technology; protein folding

probes), RJ LATE R A RO 143 B9 AH B8 & R OE 1%
K>, IS E110~20 nm s 2 HER 1 =47 A
B, ARG RS BT T 52 AT S A BR 1)
PR, 23 5 ERLE JL B AN 9K 7K. STORME A
] LAAEGKJZ IR B4R 7R 40 M N 531 TR AR HAR &
23 40 M 18] (R AH ELAE . AHAE B E STORMAEE AR
Rk — B R e, X —H AR 2 N ZIDNA.
S5 S YV PN iy =R e X NI TR
Ry HOR WKL T ) 5 0 & Ak R
8, FE PR T ) W B (atomic force microscope,
AFM). B SO AN AR 1R, X =
PR 2 R MRS R 2% R0 G 2 18 D7 ke it
FON Gt IIAE I 17 DR, e AT 1T REak B 11 43 1%
AR (1Y, Forp DG BRI Ay e, o7 [a] AT ]
Oy PR AT LA $)0.2 nm(/h T 1N DNABEHE % 1)
K EOFIR DL, TR, S8 8 e WO S0 i
FURT G AEFE A BRI, 7 3550 M it o 5 2B 5T

Force Force Force
N S
Magnetic
bead
DNA
Surface

AFM

Optical microscope

Magnetic tweezers Optical tweezers

1 EHTNERASHELE"
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Fig.1 Single-molecule force spectroscopy techniques
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Fig.3 Typical experimental setup for macromolecule kinetic studies using high-resolution dual-trap optical tweezers
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