%5 ot i
0 A

¥ o5 v i a4 M

Spectroscopy and Spectral Analysis

Vol. 30, No. 5,ppl266-1270
May, 2010

i 210 21 DNA 5 F 802 F R 5152 5 ST B R 52

ST, KR, BB, R

LR MR T THRR S E ME LR E . Jio
2. YR Ta S REHFE M/ REELALRE. R B

100084
518060

B OE NSO CTIRP SAREAR R %8 B AL 200 nm 76 47 B B 2R R WA S 908 . R IIR
JEE NP A5 W LR R AR i - A B TS A 1 TR . 2r TAHOAR I T DNA SR 3 5 [ 4 2% 17 ) 25 45 7 Al
Ji B U 30 7 2 9 0 1) 3 A DNA 3 7 B O P il E R b S5 A X PR EOR . X T L R A
DNA 737 #EAT T 1 Wi B9 S 2 AR . & 8 TIRF AR % T DNA 20 7 5906 5 YOYO-1 Al &2 &
TR [ 2R 0E O0 A A SR BT S B 4 s ST M T B DNA-YOYO-1 & A PR A6 e ad 3 ok X 380 % o' B o
PR [E1] 5 5 00 g B8 O I [ A7 ) 20 42 1 T DR IR AR O U 1 AR R A B A B DNA 43 T B R i) 52 e L ¢
RGBT S T 5250 2 1 Dy SCmd . T MAL Mo tF 53 3 5 6 1 RO B A 0 8 g 2 R B 5 T Bk

E@E AW RHIOE(TIRE) : S 8407 DNA; 2 FHi

FESES: TH742.9; 0439 XHERFRIRAD: A

E1]

DNA 43 FJ24F A st 5 (5 By . B4 mr L
Yy, EAUM N S BT, RNA 45 58 1 44 Fh ke 578 ok S2 31
TGS . Bk, #F5% DNA 45 KI5 FH AL 5+ 19 #7 B4
FH— B DR AR A A B2 s i T 2, DNA 2 F 2 DU
BEAM LI 43 7, BAER W & 2 MM G MR, T
BT E AT LSS, RGBS H A DNA 4 FHiE ., #
FRK BN AN DNA 4 F i 8 2 F B Y, (s
FOR N B £ 1 SR AR &7 5 M o5 — Fh B FR A 43 it (molecular
combing) iy 77 7k U B8 55 J7 il . B A ALK DNA 4y FHLH,
%07 2RI DNA K 3 55 [ R 2= 18 19 25 & 01 A& B R 9 3l
FEA O 1) Jy s DNA R AR IE e R 1w 100, 3R 0] 7 A
O3 TR EBEATOROT . AR R JHHT 260 50 T 5O
WART A, W4 82966 (TIRP) $ AR . 38 7] LA $7 & 8 .
PEC YRR IC 1Y 5 A~ DNA 43 19 3l J1 247 R 4T B W 52
BEWREE . AT 4R R 43 F 1) i AR L/ AL S . YOYO-1 4§
TRAEF YR DNA 254 J5 H A58 Bl 48 = LA A
IR B 20 DNA 8RB (AR L e M AT,
YOYO-1 5 DNA 437w JE BLE A G 8 7 mie ik, R
RGRACE AT A4, X AEERS T DNA 4

Wi B 2009-04-18, EiT HHR: 2009-07-22

DOI; 10. 3964/j. issn. 1000-0593(2010)05-1266-05

T A I ) S I AR

TIRF AR B AR T AR T W80 7 OE 5 i T i
Tk 2z =T SR AR R G 6 K A 4 S e A Y
[ 2 I (evanescent wave) R & 1% S 6. WA 1(a) i s,
B SR 5P B R BE (d,) A R — A RE B & B I B i &8 200
nm £ A7 TR KA, 2EO6FE S AR IREVOL 7T,
PG A5 M L 0 R O I A BIAR AR BE R & DR W X A 43
FHEAT LR . TR R B T Y B TR R AR R o B A 2 1
(ICCD) f#y S 9 i O AGHE E 1 B3 T TIRF A&
DiRE, M YOYO-1 XF DNA #E474ric, RAFE T m A E
LM T WA A DNA 375 H . IFFH TIRF g 3%
AN H A DNA 73 7347 &, x84 DNA-YOYO-1
A RIEESOU AT OGS A B #E AT S e %, RE
HE— 203l o [ 25 4 O 5 Ok ORI AR, DU A
A~ DNA 43 19K ) 7] 52 B AR AR AL S5 96 45 11, itk — 26
WFFE A DNA 43 75 48 1 B BAE 19 3 05 2% 5 72 24 7€
SR I

L%

1.1 #HRE5RF
3-5 TN R = 2 A R 4% (3-aminopropyltriethoxysilane

ESTH: HF ARSI H 10874099, 90919012) F# 1+ £ 3£ 435 H (20090002110065) ¥ Bl

EF B MPHE, 2. 1980 4R, HINRFO T8RS REAFT /)R8 EALKZ YN

* 18 IR A

e-mail: mawy@ tsinghua. edu. cn

e-mail: dylin@szu. edu. cn



itk 56 0E 4 1267

APS)I [ 3£ [E ACROS Organics 247, ADNA Il [ %25 £
TRAHR, Y6 E YOYO-1(Ex 491 nm/Em 509 nm) Ity [
2% E Invitrogen 23 A, 24 mmX 24 mm X 0. 15 mm 7 3 A 1y
A 7% [¥ Brand A #]
1.2 AR

¥ ADNA I YOYO-1 433/ &4 NaCl(10 mmol » L 1)
A1 EDTA1 mmol » L™ 10 mmol « L™" Tris-HCl 2% w1 ik
(pH 8. ) Wi &, ZYRBESFH1R 0. 67 ng » pL.7 A1 0. 2 pmol +
L71, BCSERBUM Bk 2 B fs B IR 51 )5 8% ) 60 min,

Hrh YOYO-1 43 T4 5 DNA BEIEXF b6 %% 12 5, %R Lk
T DNA B8 YOYO-1 H&hric . S J i3 WA Tris-HCl
G PR RE 10 RE A .
1.3 #EEfEih

WA AR RR S R B AKGEETR S U, 70
~90 CHT, BRAFT RAFREIM T SCIATH 1200 APS %
W (18.2 MQ » cm #8 4l K H B AL B 5 min L3 48 2 1 W Bt
Jis ANOEL RS TRAKRERTIT &M, SR HHAY
AR B, ARHUR ST R S KA.

@) ®) { Sample 8
wem~e | Evanescent Y
Objective
oo | Wave (N.AL45) || TIRF Image =
1y P (MetaMorph ) o
}m :
7\ 5
Dichroic i
et Emitter
0,> 6 =sin"'(ny/n)) ) :
d,=M/[27n,(sin’0,~(sin%6 )] Agi?fs‘t?ﬁé‘m \T»—0—>—ﬂ 1CCD

Fig. 1

Schematic illustrations of total internal reflection fluorescence (TIRF) (a) Principle of TIRF, 6; denotes the angle of inci-

dence, 0. denotes the critical angle, n, and n, denote the refractive indexes of the two mediums respectively (n,<n,), and

d, denotes the penetration depth of evanescent wave; (b) TIRF setup for real-time imaging

1.4 SFEHER

FIHI 5> FARBCAR XS ADNA 43 AT h E#R gL Tr s ik
WF: BCERFRIE T YOYO-1 37 B & 43 W B 19 ADNA
VW5 L, 72 APS 4b PR 1Y 55 3% R 2R T A — 3 B T LR
W — ok 4 APS A T ¥4 35 3 7 %A ADNA & Wi 1Y
— iR b, R B W — AT s W R, R
YRR 4 5 ) DU 3 Bl ADNA 43 T4 B . %05 PR 78 B 45 14
THEAT
1.5 TIRF SERtER 18

K TE2000 f8] ¥ % 3 852 ) H& TIRF2 Bff £ (Nikon, H
A, B4 60X N.A. 1.45 f TIRF % M Z Y Ei k4T TIRF
AR ORGSR AU F 0% 4% (Melles Griot, S ; 7Y
5 35LAL 415), Hith I K 488 nm, Hi 2R E K 50
mW, {4 F (dichroic) # 1k % 4 495 nm, BHEY4 H Cemitter) #
1R 515 nm. BOLE A CEF T A BB, 8 R
BN AT HERE S S R A A Y SO A B R B IR Ok
SRR DG, %O E 5 B MetaMorph # {4 ( Universal Ima-
ging, 3 E) 1 ICCD(Roper Scientific, [ , %5 5 -Pen-
taMAX Gen 4) #1720 R 4 U5 . TIRF SERS AR 4 B R 72
i 1(b) iR o

RAG S HE N ICCD 3 25 90. 0% BEGHEE] 30 ms,
S G IEIMRT I DI IR BEOG ] BR 1 s, BT I RR LTI 5
min,

HWF ADNA-YOYO-1 E-& K MO E AL 2, R 2 Fh
WA (DEOGES R (2Bt RS TR 5 ICCD g
JGHS ) [F 25, Bk = R G  DLRRIRE A R G iE A RR E

1.6 EGREHELE

Hi T ADNA-YOYO-1 & & 19 [ 5 75 APS & 1 1) 35 3¢
F BT, S A S R T S rhRE AL R AE R I 30 i
BG4, e B AW T Fe AL &, 485 F X 2 07 & 15 B
TERBRTE 5T By 5w 2E O R v 43 i) 5k B 18 AL S i
ADNA, 5 H 500 B 1512 i H bl e 1] 28 f i i 26 . K i
I—t &M TRy = yo +a -« exp(—1¢/0) FATIIE  Hrd o Al
a SHEB T < AR ORI R R A, BB L/ BRI A

2 HZERSTHE

2.1 HEKIBEA LDNA 9 F 5055 MR 5

1 F YOYO-1 Fic i R0 . 221 18 1 X 4 5 0 181 78
TIRF A ME N m 2 PR M EE RSN Z NG EM.
YOYO-1 #ric (9 B4~ ADNA 4F 0] # TIRF 52 R 1% & 40 15
W iE . 45 BEUE 2 BT R (30 Wi L BCE Y, B2 R KR
FED o R, R — R &b g 4y T R R R B LR
ADNA 43FJ7 ) 5 A — B0, ke s 9 10 R . [F A, Jf3k
fif ADNA 4> F#RAEB . B P SR 9Ok ME S Rt R B
M9 ADNA 43 7. 4, ADNA 2% 48.5 kbp, Fig K 4y
17 pm, AR E P ADNA 2 5 B fobs RAEX L, 7T 0 £
# ADNA T2 47 F B A R IF R gad BERL K . ADNA 43 He A<
Wb TFIEFRA, XIEZ# — 209 DNA 4r F 58 A 4 1
B AE AR A 2o R A TR
2.2 HA4 ADNA-YOYO-1 Hi3¢iZ | id i2



1268 e 2% 5 5618 b

%30 %

8 pm
Fig. 2 TIRF images of single stretched ADNA molecules labeled
by YOYO-1. Numbers 1 to 19 denote different samples
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Fig. 3 Photobleaching process of single ADNA-YOYO-1 complexes under continuous radiation. (a) Time series of TIRF images, the

unit of time ¢ is second; (b) Kinetic plots of fluorescence intensity (I-—¢) and their fitting curves, t denotes the photobleach-

ing time constant
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Fig. 4 Photobleaching process of single ADNA-YOYO-1 com-

plexes under synchronizing control. (a) Time series of
TIRF images, the unit of time t is second; (b) Kinetic
plots of fluorescence intensity (I-—¢) and their fitting

curves, 7 denotes the photobleaching time constant
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Study on Real-Time Imaging of Single Stretched DNA Molecules by Total
Internal Reflection Fluorescence Microscopy
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Abstract Total internal reflection fluorescence microscopy (TIRF) is a powerful tool for single molecule study, since only a thin
layer of about 200 nanometers is excited by the evanescent wave, resulting in high sensitivity of detection and high signal-to-noise
ratio of images. Molecular combing is a convenient and efficient way to stretch DNA molecules with the help of the binding force
between DNA molecule and solid surface, as well as the lateral force introduced by ambient fluid flow. In the present paper, re-
al-time fluorescence imaging of single DNA molecules was carried out with these two techniques. Clear images of single stretched
DNA were obtained, while photocleavage of DNA-YOYO-1 complex was found to be naturally avoided under TIRF imaging con-
ditions. Photobleaching of the complexes was investigated in real-time, and was greatly reduced by synchronizing the excitation
of light (laser) and the exposure of detector (ICCD). The method optimized the experimental conditions for long-lasting real-
time observation and imaging of single stretched DNA molecules. so as to lay a foundation for visually studying the kinetic

processes of interactions between DNA and proteins.
Keywords Total internal reflection fluorescence (TIRF); Real-time; Single molecule; DNA; Molecular combing
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