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KGR G HE O (B coli SSB) B 5 #H.4% DNA (single-stranded DNA, ssDNA) 454G B4 )5, 42
FRY ssDNA e 5| AR E AU N EEAER, 28010, B 5 ssDNA 455 ik 12 & H 401 1 A A5 2 7€ 1)
WFREE R, AR B THESON E. coli SSB/ssDNA &AM AT R /1K, 1% H 500 105 S N3 ) %
XTI, AT 4. WAL E. coli SSB 7E ssDNA &5 &t F8 ATIAN A FHIM B, — AN RALEN
FITIPOE A E PG B, — b St — Bl NP GG B WP A3E] T E. coli SSB 5 ssDNA
FIAk 2 SN 2R A, R3] T AR B e S EL SR A HRERLHER 75 7%, 438 T SSB 5 ssDNA &5 5 158 ¥ H

ks, MWIMER T E. coli SSB 5 ssDNA HI454

e,

RFAE. A SCE 73 Hr 53 AT BLSE T AR B AL 22 s B )

XA orTE ), RS E A, diaid e, A ke

PACS: 82.37.Np, 87.15.Kj, 87.80.Nj, 87.15.H—

1 5 =

AN A () DNA 5375 AXUE e 25 A6 e
TE1E, SR 7E DNA QU 1, DNA XUE A I 75 24T
FEr= A4 EE DNA, 1 FsE DNA 25 &) 18 1) X A
N, TR A 7. IR, — 2842 N sk &%
HEAMD 742 53 DNAAEd 02, gksh
HEAMTARAW A TER: &6 IR S rI A
NEEEHREEDNA 771, JF HA RS AR 7t |
BER 1R IAR SR (1 PR S BE DNA 231 S4b, ks
GERARTLYES — K50 EAKAEMEER, #ln
RecA, Pol I1%%, 5| 3 &A1Y 4k DNA 454, {2k
S, EEI S EER 00

BB S SR A AT AT, MR
BAYRSER AT, BEES G EAHAN]
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s, Hop R EAREER PSSR AMSKR
J AT I S 45 5 E. coli SSB, XA E & —
ol [R5 DY SR A, BN E AR ) 2 T K29 18.9 kD, U
AN 25 G 1 R 2 A B s AR e T, TER
RAIR I P& o1 ks A R AR
B N i & T B BRR 0 2854, e T () B [T mT BA
FIELEE DNA I 4E&, MK 58 DNA i T
W b s g A B A R O U S R
A DARIAR DG B 45, AT S 21 B2 AR AEE Ak 1 1
)}H [6,12,13]'

KIGHF o B R EE 45 & B0 B A — MR Rk
1 T 2 WP B R S IR B (1 G NaCl) A
[FI, E. coli SSB 5 ¥4 DNA HA AF 145 A 1%
QU022 5 8 R B A R B (200 mM LA 1),
ANSSB 73 1 1] A4S A 65 nt [ #.4E DNA, I 44
WK A2 5 N 2 #h B TR BERUIC (20 mM A
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) B, B4 SSB 41 R BA4E 4 35 nt ¥ HLEE DNA,
BB A AN P32 5 OB T 6 s IR A T
& 2 [A] (20200 mM) B}, B4~ SSB 43F 1] LGS &
56 nt [ 55 DNA. XA AT #E 5 SSB AR
AR B S 5A R R B R %,

KIAT B SSB MR ER M i 51 T F 2 8 U &
(24388, NATTIE A F BT B SSB 45 & ssDNA
Rt REREAT T T, AR 90 2 R A T s 56
(stop flow) &5 & FR 1 %< 6 V4 K A4 S 56 77 v SR A
JLSSB 14k & ik #2. SR, SSB 45 & ssDNA [ i
BRI A4S S SR IR, T B LA, Xk
1 235 1) A 52 56 T B Mk LA 3] 56 8 i AR At 1) &5 B
FEfs B 10 B0y 7 i s il F BRI e IR T
Wik 7y 16 g1, Zhou 2 U7 #£ 500 mM NaCl,
20 mM Tris-HCI (£~ F GEBRIEAT T S0 5256,
HR 4 S 56 45 IR SSBTE AN A /) F 25 3% #1  ssDNA
RS RS, B S, AR, MATTIER A S R
SSB &5 4 BBt v Ik FE 40T, PR R BEXT SSB &
At FELS £ 40 4. T Suksombat 25 18] ) Sz 56
D2 7E 10 mM NaCl, 100 mM Tris-HC1 #4614~
BEAT, S2IG 45 R BoR, SSBEEE I HZE S T2
M ssDNA F#IES, f— P Rgise )5 SSB Ll &
(10 &5 & Bk 6 25030 6F B 5 R 4 A i, i
56, 35, 17 nt. JRT, XFPIL G AT RE & 7ERE T M. 5
PER HRFRR R, A& T R i A A1 3 Fhas
BB R RLB) ) 5 ) L

TEALZE RN, E AR 45 R e T R N A HE
MES A0, IF5 RAF IR 2 (12 I VL 2R 30%
VIAHSE, AT LAUE, A B AR A 2 A 2 s S F) A% o0 2
K. ONT REBRMIR E. coli SSB 5 ssDNA 454 ()it
P2, BATERAT T B T RAEE LSS, RS T3]
SRR RN R, I RN R
B H H AR WIFAT B IE, 193] T 8BA RIS FR 1)

TEHEE.

2 LIkt
2.1 FHBEEMIEN

w2 A N R /S R AR T e, FBRON
WRERIR: XA KEFILL 7 - 3HIBEH+, 95 °C K
Wk, AbPEZ) 120 min, 2 J51# H Sigmacote (1
T Sigma-Aldrich A 7)) AP35 % 7 K 1H, 120 °C ¥
H %130 min, Ffi 50 @RS BARTETE L
Z25 3k [19, 20).

2.2 HmaYH &

SEEGAS A 1 DNA Wi 1 (a) Fras. XUEETF4R50
43242300 bp; 70 nt PolyT, H T 5 SSB #H47 ) M,
[F) B 38F 4 TP il — R &5 4405 40 bp hairpin, H T #]W
P TR 5 3 v 2 T 2 R) D04 422 72 75 4 BRI DA 21,
DNA # 5t 43 & 1 T biotin 43 7 A1 Hh & 2 7 1.
E. coli SSB T Sigma 2 &), SZ5G A8 H G 2Kk
T Invitrogen 24 7] (M280), HAAKLIH 2.8 pm, £
[fil HH streptavidin f& 1, 7] L5 biotin 4 ¥ 4% 5 M

4.

2.3 SLIEFFRIAE

H Sigmacote AbH it 1) 55 35 AE Ui i 1) 4%
Jr AEAE R A 0 v S T R AL B AR T, Hi
BT W AR R v R B TR T, B R
PR (FEE ) & BSA, NaNg, TG %) db#
FTh, By (IR AR T 1 R B . S5 Il i Bk
DNA #%— & LIRS, % & K% 10 min, Hoke )5 in
ANFE A E 5 min, PPYEZ IR, B 58 BCSE IR 1A
At (1 (a)).

2.4 SSBHIHLIE

e B R DNA, it 7E 14 pN &£ 4 H
hairpin (1) & 5 I & 3L 54K 2 5008 DNA & 42 (1) 1
BR. ¥ SSB B H & B buffer (20 mM Tris-HCI,
pH = 8.0; 120 mM NaCl) Fik & 5256 it 75k B, #E
NFE A R & 10 min, BG4 R/ S250. B
AL FL 77, W8 DNA K AL 10 5.

3 ERERGHMN
3.1 REIRK

TESREG B0 K o B REER, i UL Sy
BEARAE 77 (B 1 (b) iR 5 € i 28), FE 0052 I NI 4.
A LLR I, B J1FRAK, DNA 4i%; i 12
K28 pNIf, tHIL 7 — MER IR DNA KK
FEFFUE B BN, KE KL 8 nm, M4y Jy4k
SERRARET, BhahZab, KT REEA RS B Y
JI4RSEBEAICHT, DNA FIH gk s 450, ASFf Bk
LA MBks) (B 1 (b) H R EEIZR). B TEAm
SSB 1) DNA X bt 4 At S 56 o 7 R AE 8 pN A Bt ilr
DX 3 XA I SRR, PR A AR — I % 2
SSB 5 ssDNA [1AHEAE F 5121,
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Fig. 1. Stretching experiment introduction: (a) Experiment system; (b) data curve of the experiment, black

line is the change of DNA length, red line is the smoothed line, blue line is the change of force.

3.2 REMEREIHE

it b, B SSB 51 1 DNA K B 45— 2
7 B DNA /£ SSB L4 58 FE. (HIE A REH
SEAE SIS TP S () DNA &b T« =257 28 tb o (g e
KASHT, SSB IR LE A7 ssDNA 1?7 fn K2
i} SSB SRR 15 5 ssDNA HIZ5 &, B4« =37 it
Xt N7 f A5 48 Bl A ssDNA TE ] — SSB 43 1 L ) “ 4
ge-kguse i WA KA E SSB 5 ssDNA &
AT RRES, IR <3S FOR R AR G RN AN A SSB
5> 5 ssDNA [ “ 855 %% -fift 297 i 72

WF 58 ()« 357 ) R I 51 B B i JR) 4 43 &
ORI R SR S R NAR R R A
KA TEH B A, & 1K 8 7] DLRAE [ B
W RAEZIRAS T A28 12 B DL KR LI e 5 72
JE 1220 o B B I K R 1 0 A AR A A S 2 O
FIRAAFE BRI R. Rk, @i W s« &7 5K
BILG AL TP ARES & B 1 5E B B Thinding
A Tunbinding H 73 A0 K 5E X A I G 0 B AR 5
(W 2 (a)).

AN B H] — SSB 4y T I <4 S8 -2 i
G R, WA, BwXAMERLE T —ANRE
W IRV A IR RS B A TR T R
8] K5 T ¢, BT ssDINA K 1)« 25 48 287 25 A4
T “ S8 255 BB [B) 20 A R 5 B IR R TG OR; R
Z, AXA LR B2 A [F] SSB 43 5 ssDNA
BEAT I “&5 4 - 207 12 72, ssDNA K454 SSB HIfiR
AU B ) 2 BH S5 52 2 SSB 43 TR BE 2. SE
R EAFKRE T, RMAEAFEEAKRET
CTEST PG B I (8] 2 AT KRR A BT AN EL BT DA
BATN NI G /2 SSB o T HIE R 45 & /R

B EXFIBLR, SSB IS A AR R S8 T KE
A4k, fERFET 1T, SSB 2 Bl & 11 45 4
RS, 4 SSB 454 I, ssDNA 4E%57E SSB |, §3%
TR 24 SSB fiR B, ssDNA 58 2 H &,
SR ERIE R, PR, % R S N Bl ) 2E T DL
BEILLTF K& 2224

k
SSB + ssDNA —= SSB/ssDNA,

PssDNA (t + dt)
= Psspna(t) — k4 - Pispra(t) - [SSB] - dt,
Pssp/sspna(t + dt)

= PssB/sspNa(t) — k- - Pssp/sspnal(t) - dt,

(1)
P(t) #& 18 ssDNA 5% SSB/ssDNA 43 T {f £ HoR &5
(10 Bof s 3 ¢ B RE 2R, L 40 AT R AR B D B R (]
Thinding T Tunbinding 173 A 22724 B LEL ESE &R TT
DR, b T KRS SHEESNE AW T IR FF
TE 2 R AS I K (5 B I TR)) IR AT AFAE LR
KA

Pipna(t) = Cre ™t
k1 = k+[SSB],

PSSB/SSDNA(t) = CZ eithv

ko = k_. (2)

SR PR B A 5] 234 SR AR BCRFAE, 24 SSB IR e
i, ZE k5 SSBIREZ R IEH, A% ko H AL
PR R f ), MR SSB MR H A,
TREFRLIIAAR, P32 SSB IR IE, FE R BT AWRE T
XHZI ST RIS A&, JF DA Ge i S A4
LA TE B I R 0 A 5 R IR SRR (W 2 (a) BT
). SRR, N 2 PR S S 4 R A,
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Fig. 2. Analysis of the “double states” phenomenon: (a) Interaction curve and parameters, blue arrow region means
the dwell time of dissociation state, green arrow region means the dwell time of combination state, red arrow region
means the change of length; (b) dwell time distribution of dissociation state Tynbinding; (¢) dwell time distribution

of combination state Tpinding; (d) relationship between interaction rate and protein concentration, blue symbols and

line mean the combination rate, green symbols and line mean the dissociation rate.

3.3 NAXMEE/MENARIFMN

X} SSB (1 45 A /fift 15 Ik B 3R AT BE 9 41 B0 B
F. FERGH 92ROk B, M3 I ASFE, SSB
SG/RE ISR A BT ANE, B SSB ik B
TREFAE 10 nM 2544, WEEA[FH /7 T SSB 1) 25
G /B RE. RIS RLTEORE, ssDNA K
B2 AT HEIPRE T, XREWE U 1B RN,
SSB # 7] T 5 ssDNA fi# 25; 257 1/, 1E
NIl 47 A [z, SSB 2 [a) T 45 A 75 ssDNA b M fij i
K FEAR A, WA I A B8 2 b T A AN R ) 5 B
[ 73 A7 0 B A 5] A 27 S B R 3. BT DA 3
B B W 18] 40 A BEAT 20 A1, R I B 18 # T
SSB/ssDNA = B ¥ i 25 2 Hh B8 2 1) B, i
GG REONFEARANAR (0 3 (a) Fion). XU, i

J14: IS SSB R4 &, 2 #ESSB AR, X —4
B5Zhouk &g —5 WG ESS
fift BSAS 5t TZ I (R AH SE PR AE NI F A4S (0 3 (a)
P22 ), TN BEE SSB 4 & S5 f & k17
WA, WG SR N kops = 0.19 571, IG5+ )
F. = 8.2 pN.

3.4 SSB/ssDNAZEW“Z&”TREET
TEEES

TENG T NI T 42 ) N5 80U DNA KB
A, WK 2 (a) s, BT SSB 5 ssDNA 45 & 1,
ssDNA gL gi 58 22t 1 b, 2338 B DNA KB 1) 4
45, [FII ssDNA 454 7E SSB b I & K S I A H 4,
AFAE— 5 W B oK o BE 25, DR, mT DAAR 4 P 2 1 22
AT 545 A B R A, I8 U AL 40 A (an
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To01f %
z 5 AGH
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. g0
Combine L;S I
Az =0.72 nm AG
. . 111
Dissociaton * >
0l
0.0 Azy = 6.61 nm
|
7 8 9 0
Length
F/pN
(c) I I TI1
T ,: \ Lipna T3sB
LgspNA <:> , TSSB <:>
LsspNa \L
Az, l —V 3 Axo \L

3 FLJIX SSB &G /MRS REMIEEN  (a) IBLEFBER IR KRR, WML a Sl R AR, SN
BRI (b) 456 /MRS I RIS 2 12 5 RN (c) 456 /MRS B RIS IR 22 1 PR 45 M B R
Fig. 3. Force influences the combine/dissociate process of SSB/ssDNA: (a) Relationship between interaction
rate and force, blue symbols and line mean the combination rate, green symbols and line mean the dissocia-

tion rate; (b) schematic illustration of the free energy change during interaction crossing the energy barrier;

(c) schematic illustration of the structure change during interaction crossing the energy barrier.

3 () Al TIT 45 44)) 25 B 15 2156 & 11718l
Az(F) + zssB

aF) )
A Ny WIS, Ax(F) NRNAKERELL, £ (F)
N ssDNATEHL S F T RANFEKE, vgsp N ss-
DNA 7F SSB 48 %% [f) B A g BF 5. Jl i 52 36 45 3
Ax(F) 398 nm, fEASCISLIG & AF TR, $i1h
8.2 pN I A 2 K & K28 0.3 nm 2] a] DUAR 4%
SSB (14 &5 A 450 TR i 0 235 45 B Ik K B DA B B oA i
B R A IX K &R, A F T L A ) 45
AR GHE. AR, FE1ZAmEECH
35 nt. X—Z SEIRHLERFATE, BNE
120 mM NaCl 4+ F, SSB 145 & 208 1%t H) T
56 nt (11,

Xf SSB/ssDNA ) i 4 il 2k £ 47 1 X bE, 4
Kl 4 (a) Fiuw, #7 SSBIF RS & ssDNA, B4 HBHi
e il 2 B 1% 2 £ it 28 7 40 SR SSB LA 35 nt A
454 7 ssDNA, B At —2 454, SSB/ssDNA
ARG R dh 28 5 iZoh il i 28, (H A SR B
g LF, B 10— BB MK, ssDNA K
A LR o R SR 0 28 (0 ARt A TN R,
/N SSB AT BEAEAE [ — b A A AR, X il

Ny =

REFFAR LA, 25 Bk sh (2 0AE A, DR BAT Tt
SSB B4 J1 A AFAE — > HHB AL 4 W AR 2 (1 4
Epurid

WS N RE A, 75 2 ME AL RE A S B
(9 PR AR RS 2, AT EIL 5 — e s PO 18
SSB 4 & idFEH, AFAE PN BR X 7 120 B, 7
BB SETAZ, EAT R PR A R H eSS
;A XS B — B B 22 RS 22 I
SN FE UK, 2R 2 08 S AL REI, K &R T
LB X — BOR 35 22 B8 57— MRasE RS, #Az
XL — RIS &2 Hm LUK, #5522
I 6F L FR) 5 A P2 0N AT IR0 0 % 38 B S )
ZABkED. AT LAE AN F T ) T PR E
RE 45 M0 L ) E B A2 1L.

3.5 fEIER 1%t SSB A& HH AR

X T bR R, AT ROE A T AL SN R S
FH HBERIAR . AL — RIIBLAF SR Z A KL
8 pN FHEATII, LA, SSB 5 ssDNA 45 &
I, A AT RE I A FEAE R . BRI, 317 2
RC AT Ev PSSR NI FINES D SN E LA
K. 24 JNTE T, AR R R
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2.44 - i
m  Experiment
—o— Theory_70nt DNA
242 5 Theory 35nt DNA+SSB
2.40
E
& 2381
<
o
= 2.36
5]
—
2.34
2.32 =
2.8
() . 30 5 1
2.30 1 ) I 1 L L L
0 2 4 6 8 10 12 14

Free energy

15
10
g .
S :
< ™ -
[
[ ]
0 - n
—5 (b) 1 1 1 1
0 2 4 6 8
F/pN
', a
F
[
N i

Length

4 NNTBPESRERGERIEIE  (a) L5 BEIS &R H, O RU SRR R, SO ML ssDNA Bk
FZELRAEAL, Tt 2y SSB Ll 35 nt BEaEE A BB K IRk, N BN RHERR 20 TEOK; (b)) S fib i 2 AN ER 18 o 26 () 2248
Ry, WX AR, (c) SSB 4i# ssDNA H HEEENR =

Fig. 4. Calibration of the step-by-step wrapping’s free energy under low force: (a) Comparison between data curve

and theoretical curve, red symbols are experiment data, green line means the theoretical force-tension curve of ssDNA

only, and the blue line means the theoretical force-tension curve of 35 nt binding mode SSB/ssDNA complex, the

inset shows the details in the blake frame; (b) integral of deviation between experiment curve and theoretical curve,

blue area is the integral area; (c) demonstration of the change of free energy during the SSB binding process.

F
k(F):k(O)exp{ /0 2(FYAF /(ksT)|.  (4)

(4) R FR A Bell A2 LT, B RAE T 165 B R EL
Bt $7 11 AR A AR, o B (F) Ron i 718 F R
2 RN R H, K (0) R 18 Z 0] 1AL B
BH o(F) AP 4T F O DNA K. T
33 T AL ) T A N R B, R, AT AR
F (4) ot B4k 2 ) B R BE R )1 R B E. N
TEBLIXAS B, 7R H Bell A XA FL T
{8, ZR T B B NEAR N F S R R
AR AL, HoAZ 02 o(F') B AL &, AT BL
AR 3 () I OB S A B T

SSB 45 £ ssDNA ¥ 1 #2 7l BL 43 4 A B B
G IR A 2 M E B, W3 (b) T
Z A RARA, kB 3 (c) Hh AT IL i A 2 18] (R 45 44
Ak, PR A 5 RS By, & 3 (b) Hr ILAN
TP A 8] )8 Ak, o 21 3 () H TR TIT 7 R 2

] 45 4 22 Ak, EATHI R AR 7393 09 Ay M
Axo, HIRTTHTE BN, S N JEE 1A AL R4
Bk F) 45 LA R o R i BE B O, RIEEARAE B 5%
/% [17,18]:

!
Az = Lgspna — Lggpna

= Nu1&sspna (F) — 2555,
1"

_ !
Al‘z - LssDNA - LssDNA

= Nuw2&sspna (F) + 2595 — zssB, (5)

(5) A % B & LW E 3 (c) BT 7R, Lespna,
Ll ona L a2 50560 AR (745 45 B B DNA )
KJE, vssp M algp 7N RAS A 454 W B DNA 25
A ESSB L1 K P B, Eepna (F) X B HLBE
DNA TEH7 71K/ F B A FE Nyt T Nyo
3 S XoF N A A B R 4 R S, s B I Il 5
JINF, =82 pN. ¥ (5) RN (4) X, ATLATE 3
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Fe
6 lF) = s Oexp | [ (Vouaoma(F) — shon)AF /(b))

F.
b (F) = k_(0) exp [ [ aboma () + b - xSSB>dF'/<kBT>] , (6)

Ny1 5 Ny ZHEET 35, Epna(F) 5K R. dT 528 o S 8145 4 /il IR A4 7 X TRAR /N,
KIEARAR, Bk, AT EAAEIZAN XA, Eapna (F) AR E. HIL, (LG 77 BT A X mT LG

BTN RA:

ki (Fa)/ky(F1) = exp[(Ny, Espna(Fe) — 25sp) - (F2 — F1)/(kT)],
k_(Fp)/k_(F1) = exp[(N yo&spna (Fo) + 555 — ssp) - (Fa — F1)/(ksT)). (7)

R4 3 (a) FAA R by (F) PR k_(F) BEHr
TR ZR, X (7) AT, AT A S8 %%
f F, = 8.2 pNI, Azy £l Azo 437725 0.72 nm
6.61 nm. LTI, Z BT LL4s& R EbE h 71281k
(PR B A/, A2 T IX AN IR AP K AR Ary B
/N, BRI T B B RE IR AN K, RN R B
A K B R BN IR A R, BRI Az il
RPN BORAE AR T B Be, AT 52 1 fif
B R Axy A Awy XERI] Ny A1 Nyo 20514
9 nt 126 nt, X MERELER LHEA —EEH
PE: SSB AN IE F 45 A X 0K R 2N
9 nt 131 3X i B SSB %5 i 44 22 45 & ssDNA FIT 75 1)
ER—NEAOLIIKE. X 2R, B Ny
F Nyo FRN (6) 3R, AT LAV H 45 & REE i )
NEI AN N5x107 M~ 1s™1 (1 M = 1 mol/L),
fiR B8 RBAERL TN FRT IR /NN 113 x 1074 71

A AR HE Ak 2 e B R EvH A B RE SN2
#, BT RN RS H B A2 AZETERT R e 5
Hroe & 1200

AG,
ki =wpe*sT

(8) A, AGy XN #2105 AGE, AGy X
PAERPMIREZ R AHEZ ZS5HB2mEZ
MAGE + AGy, w1 Mlwsy & — PR Ay 2l
WS, AV K FRMNZH, — AT
107 5= R629=31 SRR F wy, BT R WS TR
N, AR R AR k. B, B LR b
1016 M—1.s 1 MR nM KR FE R 010 H i RE
ZH. Wk, AT LAS B R AGT = 19.1kpT,
AGy = —6.1kpT.

SR, X — &5 S L 2 B AR B B, 38 75 2L
XA BE E AR AR AT V. TR X
BRI RN, Bt LAE i I 2 e B R B

Acy
k_ :LUQGI“BT. (8)

T A AR RATTATN. Rk, E R BT
B A TE SR T AR X3 H R

W5 4 (a) Hh IR S B A il 28 (4T €0 550) A
35 nt 4 A B EL I B il £k (I ) FEEAT X
Bt 7 7 A, P I B R IX ), R,
& TR A Th T 800 A B AR AR R R .
FF P E T S, H B AR 1 2 5% R A SSB 5
ssDNA i 42 (1 45 & H B BE, i m a4 H hbe
U A5F 1 3 LE IR A I 2 v 77 T £ o i 22 41 8.
DRt R SRt E i g BRI AR P 8 35 nt 45
A 285 S R Ao fH 2 2 T80 A 5 T K 24, B
A7 3 AR X 45 AR R BN,

fi F WS G A FR I8 35 nt 45 & 2R BUE AR £ 4
o1 S 6 il 2R 30 A, R BB 4 (b) ISR, AT
Bt 5 7 77 /IS, PR 3 I 22 8 S B T 4 K 1
#. M TEEERE SR KRB LR, A
Xof ZAE R HUR VA& B T VR ALY, B0 X3,
W 4 (b) hE X AR, R RIEH AR T, H
HAERIAE AL K LR 6.8kpT.

it UL B g BT LLAR S R ) o B
Hlae L&A 2 EN19.1ksT, HHEZ ZE
N12.9kpT. [FIHF 075 3] 7 SSB [ 45 & il 2, &
B4 (c) fran, PR 35 nt FIBksh AL 5
21 nt FIHTAR. I B A8 4k 1T B A2 R AE AR S
I T, B2 TE - NI, Sk
AW — e S Re s A 2 2 5, T SSB Xt
ssDNA [ 75 5 55 i 77, SSB AJ LA i Hl i ssDNA
R gy 92 345478 SSB E.

4 W W

AW TR T SSB 4 & ssDNA J5 ot
HPEER G & + B PGS &, R T ERH
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FHREZ Y, X456 H HRe 45 M s H SSB 45 A 1) —
SRR L R SEIG A5 R ssDNA 5 SSB &5 & /i
PR, ZFZEMEE A E—AMES. N
FIFGRZ 38 KL 77, B8 X 3k 2 508 0 fif i g,
SN ek S AN E RS B N e ST R S A K N
2T JI, ssDNA N2 B M SSB FHRE e, B
NSRS GRRE. RATAAX —HER S
SSB L mi A IEA 5%, SSBrFEAA 5 Cl- BT H
BESE AN 7 132 i DNA 4> s b e, =% 2 )
[ PEAR e, 1T IR =38 2 18] SR AH H.45 6 T8 i U
YER 3131, SSB HE:— X 5%} ssDNA ()45 & J1 2%
X 31X R FH 9 AH B 4 45 . T SSB 43+
Cl™ BT MRS, AL SSB A [ X 38 i
TN ssDNA AR5 G 7. — 8 X3 HE fup 2 5
8w, BarHEFE A S, ssDNA 475 SSB 45
B 5 AE T/ A R AT 5 B OB D PR AR 1 X 3, &5
Ao IR AR K, BRI SSB/ssDNA & &)k
R I K IB D AR PR SR (PIRFAIE 5 T — 4 A 25 A
R X 35k, AT HERIERAA R, S8ER S E
By, I BN — BN SR, BORR 1A
SR BEAR G5 A 251, M AT 16 580 0 1 B 35 28
KU D UEGMEELS S /RS, XA e
7N, SSBHIZ & HAR— N RENSNIEE, A
MG ERARGTFERRKNEEEHEEZR. XS
SSB A FRINREA 5, AT LLIE I AR 45 & i B R
SSB PR ThREMIEIH 54 fR37 ssDNA; 5|
MREHAS 5 ssDNA 1] M.

5 % i

biibuRvA- SR vEs Rl R DA Vi L
Tk, AT AR T BB 4 & R B S5 Sl e, 0
TR KB, 9141 DNA 5 HAb R A 45 &
SR, B A T B AR A, T DAEE R4
IAFAER AL RIS LS, IR T 12 m]
AT X7 AN BCRT AN & H vt 2 AN g S 1 45
AR, T UG N 2R TS S N Y T REAZ AL
K, T AT 2 B AR A5 S R AE S

RPN
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Abstract

Single-stranded DNA binding proteins (SSBs) widely exist in different kinds of creatures. It can bind single-stranded
DNA (ssDNA) with high affinity. The binding is sequence independent. SSB can also interact with different kinds of
proteins, and thus leading them to work at the special sites. It plays an essential role in cell metabolism. E. coli SSB is a
representative of SSB among all kinds of SSBs, it is a homotetramer consisting of four 18.9 kD subunits, the homotetramer
is stable under low concentration. E. coli SSB has different binding modes under different salt concentrations (for example
NaCl). When NaCl concentration is higher than 200 mM, E. coli SSB can bind 65 nt ssDNA, when NaCl concentration
is lower than 20 mM, it can bind 35 nt ssDNA, and when the NaCl concentration is between 20 mM and 200 mM, it can
bind 56 nt ssDNA. The characteristics of E. coli SSB are so attractive that a large number of researches have been done to
distinguish its binding process. Earlier researchers tried to use stop flow technology to study the interaction between SSB
and ssDNA in bulk. However, the high affinity between SSB and ssDNA makes this interaction too rapid to be observed at
all, and the dissociate interaction even could not be measured. Single molecule technology which combines with low and
accurate force offers researchers another way to achieve this goal. Some researchers observed the unwrapping phenomenon
in an optical tweezers pulling experiment. However, they did not find the detailed process of binding or dissociation. In
our work, we use a magnetic tweezer to pull the SSB/ssDNA complex and find a special phenomenon like double-state
jump. Using the single molecule dynamics to analyse the data, we find that this phenomenon is the combination and
dissociation between SSB and ssDNA. After comparing the pulling curve of ssDNA only and SSB/ssDNA complex, we
find that the SSB binding process consists of two stages, one is rapid combination/dissociation under the action of a
critical force; the other is continuous wrapping following the reduced force. According to Bell formula and SSB/ssDNA
complex binding model, we obtain the interaction rate and free energy parameters under 0 pN, and we calibrate the free
energy to obtain its continuous wrapping part, so we can obtain the whole free energy landscape and understand the
binding process. Our analysis way is also applicable to the case of similar interactions to obtain their interaction details

and free energy characteristics.

Keywords: single-molecule dynamics, single-stranded DNA binding proteins, binding process, free energy
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