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Setup of Single-Molecule Optical Tweezers
and Its Applications in Biomedical Research
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Single-molecule optical tweezers platform applies pico-Newton size of forces and has been
widely used to study the functional mechanisms in biological systems, such as the motion of
molecular motors, folding of DNA or RNA and protein-DNA interactions in the spatial resolution
of few A. Here, we described the detailed guide for instrumental building and calibrations of high-
resolution optical tweezers and two types of commonly-used experimental assays. First, the force-
extension assay can measure the extension under applied force by stretching and relaxing the
molecule, and analyze the contour length and persistence length. Second, the passive force-clamp
operates in a nearly zero trap-stiffness region and therefore, removes the needs to actively feedback
the system to maintain a constant force throughout the experiments. Hence, the passive force-clamp
platform can be used to study fast dynamics with small length change.
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H<<fo B Sy(f) KB — 8B Din’ & f>> £, B » SN KIDL KRR - f, e R =R
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8. RRBE AL EATERNREF KL -

BEEG NE  H f<<f B Sy(f) = (DInY) 1 £ ¥k — B ER) HE £ SR IE - 5 i
KL~ REHRE 5 B f>> £ BF So(f) = (DIrY) /£ DLf SR HEEE - B — Rl B - ()
IR BERUREUE BB T B R MR - i R S A B — I -

4. A Allan deviation FEXI RFZEE

S - B RO E I/ INER EIGE B 2 SRR (R BARERR) DALRSEG RS 4 2 iR - HrpAn
BHFEER AT DLFE 13 2o (e L SR B R ) - (2 & [ — 7 (Rl B2 M TR 2 (AR TS
SR R A S 20 2 (E SR B ARV B - R LS R A ny 22 [ A 5w DAFE E S B 2k B
= AR R S R R R AT B T - R Z [RMEARRY AR S - SE B
K2 [T AT REMHE 22 [ AT FE A8 22 - BLRATR AT LABEA Allan deviation il ~ 7372478 H A AT EE
SEHREE B o Allan deviationTE 75 5%

o-A(T):\/%<(X,-+1—X,-)2 >7 (18)

LR F, Hz » v = m X F, B PR ~ m BEPESHEIREE - x, By m HEHIF
% HA x, Bl BIRFREZEEE Ry © 0 <>, BRI » o (r) AT R E RN SRR -
it bE IR ¢ RUBENmRE - B R R R RN - &/ B — RS
 FHASEIIE [ ¢ R0 - ARy x, B¥E /) » Allan deviation HYHIARBAIAE RN EE (FR
72 BFFY » FrART DATE T EI I R e 1 AT DA FH [ 2 2948 (fixed window) BGEMENE 1S (sliding
window) * %R 4415 Ky normal Allan deviation % overlapping Allan deviation °

DL 3281 bp Bt DNA #Bh=0E T80 2 I RIS - X Efihy 4000 Hz HUBLIEES - D
il 80 Hz HUBLISRES - #kEaih o7 ZHhiR - #51F ¢ <100 ms B ~ BARSHETNIHR - WiEh
TE JTEH T HYRERHEEL S 22 IF R Y BA (AR JE B Rk AR 25T - [8 9(a) DUE JT 46 pN #IUE—FE
HorieEk - gk DNA R &E - & 9(b) RHE 9(a) HIEHEM Allan deviation + A& E|ZEH]
HIAHEREFE 1 nm #TR2E 40 ms ECFY - HAFEE 4R normal Allan deviation » IRy
IIREFRA R A5 - SEpERGR R 2 AT - AL B4 5y overlapping Allan deviation * ARy
sliding window 3£ Allan deviation » #iEt P 24 - Al FHHEETFZ -

& Hi
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9. # By X € 7 44 X F 3281 bp DNA 7& 46 pN F Z FFAT & 2 H7 ©

M« F-x curve Bz RER ' ERE—DNA B FZREHER

—fit.Z B DNA Al R B 5.2 B EGY) - B2 E P E%H worm-like chain 23
AP =EZ2 AL - L REERE Wil BV E e RHORE § L, /HETH
B RS HAEREURAEMHEBE ~ ' L K F RIS - It
BEVIEAFE > /MR 5 pN BFEHL (RS A BT K iR - B 5y
REEHRERESASERHEAEERE - K BORF R BEH (FE R - @ER 5—50 pN
TR DNA Fi (RS S & -

2/ DNA B2 Eil; DNA RIESUIA ARV IEME - 4788 DNA Z W EHER IR
T RMUE G REMEEE T DNA 2R E @ IRESURER - 4k DNA ZHERE L, =
0.338 nm/nt ~ FHFREFE L, = 45— 55 nm ~ FE{HEFE K = 1000-1500 pN®? «

* Marko-Siggia worm-like chain (M-S WLC)

7o ks ! 2_l+i (19)
Ly |1(1-x/L) 4 L

PR R — RS - BRI TR Y Mo B SRS Y
1 (GERERY) + R & 1)2 BRI A S R S Py BRe B i S8 - SR
Wi 75 F— oo I x — L, ; TEBAR 5 pN BEEMASIRG 2 TiEHES R &
gefy - BRI R L) B (L -
2 1
SRR F << %("B%)s ~12.7 pN » — S R i & s/ N 5 pN 2 i (]

P
(b)) » FHHRESHIE AR 5 pN FEEZH L, B T SSREENRE -

+ Odijk extensible worm-like chain (eWLC)

1
2
x=1L, A kT2 F (20)
2\ FL, K
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IR HF 5 B e B AR A AT A BB 3w AR S0 (9) » AR E S R I #E - —fRF AN 2 pN
([& 9(a)) » H.HAEERE: DNA & & £ 8RB EL S-DNA HUFHREE - AR ERAY 50 pN DAk
ZHIREERR - AEEE 5—45 pN WYEIE rJ15E(EE Marko-Siggia worm-like chain fH{AZ B
B RS HEITIEE -

+ Smith extensible freely-jointed chain (eFJC)

x=Le {coth(zFLp )— AT }(HEJ 1)
ksT ) 2F;, K
R Ry % e it @ PR A OB R T RE 20 (10) - ARRE I EEEIT Ry 5—45 pN > B2 WLC
NIRRT BB GV kE — B — BN Al E i 2 AR R R AL - MER BT DNA HYRERAR
7 (HEESE B DNA BMEE G 8IFAIRGE - RIESURER - B DNA ZHERE L. =
0.56 nm/nt ~ BHTRE L, =0.75 nm ~ FI{HEEE K 5800 pN(10,11) °

* Modified worm-like chain (mWLC

T 1 1 F
Foks I (22)
L, « FVY 4 L K
4 1-—+—
L K

[RIER R B it EAR G ARG B G T RE =0 (2) » ANRIRYEE A #EER 0—45 pN » H{EEF]
1 it ) s [ ERE AR AP AT DNA FE A E BREE (8 10(a) ~ 10(b)) » MERRVERL A £ 2 B
B BWATRRBERECGE  MAHBRESERAEAME - WA HBRECKE = AREH
FH Matlab N REL Isqeurvefit B - 1522 =#H228 (L, - L, » K) Bd Marko-Siggia worm-like
chain 2 Odijk extensible worm-like chain R 7= B TEFHEABUE 1% A ([E 10(c))

{1 F DNA fs 3281 bp # /% DNA - fHE—fHEIB(ERF WLC BEEFEESHER - M-S
WLC HY#E & #i[E By force < 5 pN » eWLC HYBESHIE By 5 pN < force < 45 pN * mWLC Hy#E
ErHiE Ry force < 45 pN » HJ#H M-S WLC &= RV # EEL B iR o R IEH 2= - m
eWLC AIfHR - RIS HUEIERR AR A - (8 mWLC 1E2 RS E L& EiRE: - [8 10(a)
EEIEAE SR - # R M-S WLC = (79) » B ff55 eWLC = (80) » #L &5 mWLC
X (81) > AIBFES G IEE - (#5 M-S WLC {REEE & B, - B 10(b) (#EEH force <
5 pN HlEs - AIFEHUER eWLC (Rt E B HIREL - & 10(c) HAHBIRR B SR E - RILIER
=R A A A SR FH A & N - BB TE I EE AT (R < 1%) -

- mRAD51-DNA % E B HEBME

RADS51 ZHH[EJHEH S E - RADS1 Bl ATP #5 &% & 8 0% DNA AYEFI TG k%
E kR 0 RADS1 7£ ATP /KR .2 % &% 5% DNA HAJEAEE - fHEEEAREER
BE > B1F ATP INE5EE TR N 2 %] ATP BU/KER - fFILIRE TR E Bt R IR E
W RADS1 Z A FIEHIEREEY) - #HER RS E] mRADS1 EHMZ STEMEE - 7585
HEFAAERIEDL T - Al 80E A mRADS] & @ 58 24 mRADS1 &MY ER: DNA
(& 11) > "TEETE 65 pN HTTHIEER: DNA SEE I {H78 (overstretching transition) JH » 32~
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° FEC o FEC
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> §
2 4of £
8 ?
LE 30 2
20t 7.
10
- i st L L f 5 L i i . .
%00 850 900 950 1000 1050 1100 1150 1200 %00 850 900 950 1000 1050
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K (pN) N/A 1056.8 991.5 1000—1500

10. =# worm-like chain £ % #t &4 & -

1100

mRAD51 [FEEZEEEY DNA » ZEE 7 DNA WEBEEREL 1.5 % BErgtgEigE >
FEIRFEE T IR DNA ZBEfE - H AN A B & B & P IR 2 Bkl 18 A & 4 K KB AN E]

&

R H R ERDIER DNA A5 Z@HE - 53] nm/bp BE ZF—(LIHEE -
EEIRE RS DNA » ALE A AP EIRE S EZE T mRADS1 2% DNA - DL 3281 bp &%
DNA - A H &KL GRS EE 65 pN HHIHVEER: DNA SER HREIYEFEE - H Le #

Rl 1.5 £5% - FOHEEPR DNA i EH TR B EH W -

80 T T T T T T ' X
o dsDNA ! : §
70 + mRAD51 I g -
- —eWLC [ b4
60 1
B 1
. 50 + 1
g f i
g 401 i }
: oy
[T
30 !
I
20+ !'
"l J
O . 1 1
02 025 03 035 04 045 05 055

Extension (nm)

0.6

11. mRADS51 4 ATP /w Ca*" 89 0T s B & & oY 4o fb dh 4 o
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% 1. mRADS1 AR R B & G FTHREE G % 2T &% -

mRADS51 (N =4)

Lp (nm) 206.9 = 6.4
Lc increase (fold) 1.51 = 0.027
K (pN) 3213 + 532

I #EAENHERKER | BIZEDNAZRFE B BB EFEE

ER A Eh U E SR JI AT DA T8 B P BR B S 5 B (AT AN Y [ A 5 A
FRGETT » A BRI AR - ELI IR I R MR AT B UE Y DAQ HUBREER K. QPD & JEHE -
Al i 150 kHz  HFHEEF] FDEEIMIA IR Rk E T - BEIRKT 50 nm H 5
TIHEHGI 0 0 # DNA A5 8 (YN EREDEIE O 2 BERE U EE - DNA _ERYSR 736
TEUCE - [LHFREE RS MERN R USRS (L o B0 - R EEEE 20 bp SRR
& (Q0R55/T4)"Y 2R — B[ DNA » 78 13.1 pN | I  fRhs i PR B B S 2 4347 FLAITH By
65% : 35% (& 12) » Ry Bl BEREFE AL -

£ 13.1 pN'F - fRfEREfRE x, = 1099.9 nm » FAERE x,= 1081.7 » LALISE It — #urs
AR A R E R 18.2 nm © FLBI BRI R 35% K 65% -

1110
1105 -
1100
1095
1090 |
1085

Extension (nm)

1080
1075

1070O 0.5 1 1.5 2
Time (s)

12, % S LI -

L + =A
J\ ﬁinﬁm

B Rt il IR e R THE R ok — EM RERFE (L - HHER —E5e
HEHRMAH L REME - SUREH - FHYREEERM - BEYG - SRRRICRHLUK
YERERY SRR IEA REF R YERERY R - T B T AL AN AR ey BTy B & 2= -

KRR e A RS SRER DU R IR TR F ARG - DU A it o B A B B
FiE R EER (1) force-extension Y537 Al 5 M S WIEFAR I T2 48 - (2) FIF#E
BUE I AT R AT B R LAURE AL - 21 DNA » RNA BiE B 28 -

RER s SRR R Z IR R RE RS R - RN B0 —E 8 SRR E =
Y EEEEHAER - B RENEB IR - F RS - B0 T Holrsef2 dtEin
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AEALEIBRAT T RERRILAZEAN « RHERITZE 89— KRS - (RAETIFIELS) T-ESHEABEL - B
KA BE T RIS E RS+ FIR L 5 S 17 A BT P St
FRRHTTE - BRI A S A F A TR - IAEEAFAOWE R S B - SRR GO AT
4 -
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