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[ 0 B 2 3k Ry A 5, 0T A A 090 36t RS A B A P B ST A R [ O Y O i R
TF 5B S 4 e M ) R A A8 8 B AR AR A S AL A T A . Rec A AR by TR A W0y HE 4 g ) o 8B
UEAFERFRLEZ B )2 KTE, 15 RecA i 5 14 ] Y5 F 21 4 S 46 9 20 K H R AT 4. B 0 A WL 0 R B 58
e K 3 bp, MFATHYHT TAEIAS L KB AT JLE N 9 bp. T HE— L RE R AT A 4518, ki 32
U B AL BRI 5 2 (I Al AR SR FH U1 O 47 S5 56 R B0 1 W Bk, TC 5 ok P A [ 6 A T 5 e 37 A AU T 36 . 17
B A2 AN 3 bp, TR T 9 bp, 04T 17— A A5 K A B4 i TS B K50 R 93 A X i S A R A S0
RO D R A E A T AR A 2T AL BB AL T A AT i) S B

K@ RecA, Fr TR, [FIUREL, FEACHL

PACS: 87.80.Nj, 87.50.uj, 87.15.kj, 87.14.G—
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DNA JEA: iy S 2 1895, DNA [HIE
WA | e SR R RE 1 00 M A DA R BB A S A
214 DNA 52 FI 41 g N FF sk SR 2R 1 e, 257
AN DNA Wi S8 g5 e %, 51405 F Asf vl S
Fom AR s AN T . 4t — R AIMLR e B E
X A, Hod g —Fp LRI DNA #sidy, it
T wg ik oIS 1 7 =X, PRz A R B 4. (AR
M EARBN F LA, FEEYHE RecA FIE
¥rE i Radsl, DMC1 2 &4 BFRIACE, &A1
A B 3 R A T O R ) Y e 4
R T RAAR SCHI ST RS Rec A 51 41 g by £51) %) i) Y88
A A FEVEA TR S UL : 24 DNA (BB 2L
%4, 15 RecBCD 2 Ab FRINTHE A, Wi — %€ J7 0] BY
Ul DNA Wi &, i — B 37 AR i 1) Lk
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FERRTT = BEIR (ATP) fE7ERT, RecA 55 DNA
o B B FH 22458 (nucleoprotein filament), 4% 5
Ui B AUE DNA I (% [R]85 3 847 [R) IR DT RC, DT
Be 2 e % 28 1 22 A2 WUE DNA JF 174 5 e
W =42 AR, S5 H RuvABC 4b 3 =82 &
A, SERRIIRE 4. B T8 DNA B4t PRk
A5 B pgee v, TR E 2t pg g £ [ YR e ik I
FA [ PRI 48, 5| AT PR Z2 R PR A i A A B P
IVEZSA R

RecA & FZE KT T recA JE YA ™
Yy, 7314k 38 kD, L&A 383 PNEILIRIEEE. RecA
PG IR 240 DEIERRILRY ATP
IKFEBEAZ G, BRILZ AN, A 30 MMERIEMT N B
182 MFRFEER C i, N Ml C uwd i A IEHL, &
fiTAT LA DNA B2 kA M EAER. RecA HA I
X PR A H A R 1 LA DX, FROA 3 — S A3 AR
EEE AN, EE DNA 524 RecA HRAYEH—
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SIS, B R R IR e 45 1 1 1 8 H
7. BEAZ T, B4 RecA FUKRENSSE & =4 0
FIY R AR G B IT X A B AR A —
triplet. R4 Chenl®! 251 X SH2k fbiAZEHLE R, —
A~ triplet N FER U BEIE BT A 0.34 nm, 5 B-DNA
SR TP R BRCEEFE B AR ], (P triplet 1 []FE A
0.78 nm, %K 2243 2 1 U BE S L hr UIR S, F
PR BEIE A 0.51 nm. A% A 20— E 4
% 6.2 1> RecA B 18.5 AL, A7 TUREss
¥ AR IR L ™ A ) = sk 25 A v, IR R
22 B RS A f=BE (incoming strand), [A]IEXX
Birh 5 A AZBERC XS A9 5E N H A4ME (complementary
strand), 5 AR EE TSR] R 5E R 6% B4 BE (out-
going strand).

[vi] 5% T 2 axk 2 v A e 4] TR O3 R S A 1 3
T AL L 4 2k — B 78 PR B0 T A 4 1Y
KBRS B ) — N EE RS, Bl RS
JEHE RS 7 F HL A A — AR DRI 0 i 52
KA E ZAFSE RecA 73 THL I E—F. Ragu-
nathan % 7 fff 9O CILIRRE R (FRET) ik,
W SR AN TR BE A UR DN A B 58 # [2 17 52 7% 1
IfIH], HESE RSSO LD 3 bp A THY. Lee 550
i/ DNA 4 (DNA curtain) J7#%, il S itbric
PEIEH) DNA XUEETE [F] I sl 48 C 17 51 1 (Y 9 B2 i
], 715 H JGIE & RecA, Rad51 ifJ2& DMCL & &
BRI 3 bp. LA 3 bp MK ULIERE D)
PNTHEZ, I—A~ RecA S ABKRIEE 454 3 bp
DNA, {H A B 58 A G20 K 46 i H A B
Prentiss HiiZH P12 S22 5 1 22 00 iR S5 44, Xt
HESS I FREHEA T TR AR, R IR B A A LR I
1 [R1JE 3 D BC A v, BoARMEE AL TR RE IR 5 AR
AR R IO B, M ECRHS BE S 9 bp
R RAE T Fefeoe IRAS, BOXT P kA= ek, (AR
AR ) A e A2 e 2402 DL 9 bp #EATRY. FRATTHT I
TAEE WA T REB, 455 DNA &K R&5H
(DNA hairpin) fJEPIE T, K B AR 5 R 19,
EWW 7RSI RN K. a8t R —2
HEAZHR A AL O 3 bp HYREER, Horb AR
FEZ10 9 bp, 5 Prentiss ZHFHHEEHAR], (55 3 bp
PS5 G . G B S5 90 P A4S 31 i B Y S g0 45
S, H 9 bp WAL KA ESZH 34 3 bp # LAY,
T 52 B AN 1Y IR 18] 23 B 38 0 25 8] 43 3 32 0 BR
A AR, Pk, H i) I 8 2 ) B s 4 b K

HIRBATREIE. FATAN AR T HESSH L, X
Tk Rl DR AR AL S A B A B A R
A RLE— P 5 ) PR 2 AR A PR Dk, AR
S — RN FTLHRARR RecA -5 1 7] 5 8 20 B
A, LI Z 51 2/ B 5E 9 bp AHESS
el B MESR KR, Al 3 bp. 168 HIRE D) O 4 5
5, UEN] T BESCHR AP RANIE 3 bp, FHEHT ST
BRI T — e SR PO P81 R s B,
TIESE T HEAC I 22K N 9 bp. fieJm i i ey bl
ZEAEICIY A, FROCUEM BE S R ANE 3 bp, [F]
AT 13X 9 bp A BCHRIE Y 5310 2 A x5 28
i R Y. AR SO 731 S50 0 ] 5 2
A REIRFT BB A 220, 18 A RO L AU DR 46
Tk, JBRTEAR AL T

2 SLICARF. It 5 #E
2.1 RecA.AVIEER R NAK

RecA #H W H New England Biolabs (NEB)
OS] TERESS OGS T A% R 1 22 1SS 4 S
I 7F RecA reaction buffer Hf # 47, EAK W 2> R
70 mM Tris-Ac (1 M=1 mol/L), 10 mM Mg(Ac)s,,
100 mM NaAc, pH=7.4. N TR FFZE A 2210 F
FE, BRIR UE VR B E AN SR 5 mM Y ATPAS.
BEOI T NEB 23 w9 DNasel A VIR, B4
3% A DNasel reaction buffer.

2.2 DNA B%I&

T 55 52 9 v B A T Fir A DNA J 51 2411 H
ETAY TR (L) BRI A BRA R, R
iBAE TE buffer 1. Hairpin DNA il 22
RV AT TAE 0L

2.3 WERTIEHIRIEINRE

WA —Fh A 33 ik, AT LG 38 R
K s B UL A 1 BT DNA 43 [0 2544 728
A =17 2 vp (P RES4S & DNA hairpin £544,
KB AS R B AT BB . DNA hairpin /&M 4%
A SO 9 i sk, 7/ 1 T RERE A SRR K
JE 1 B-DNA WU . 128 A 2 [m] 5 i 28 3o # b i
HAMIERIRL E R S R A B AME R
EAREET T, AR TR A BE T T T A do
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5K S8 A PSR/ H R AR VS UE 30 min,
TR TEV AR IR : SR AR L 723 Bl A& A
MPEw T, T 95 C/KE 2 h, BEREE 1% 1
APTES % P84 2 h, HARL B 22 08
% APTES Ji, 76 1% B9 BV P& 8 h, B
R IR TS R R ESERR AT B R, IR
T 152 7RI 2 7 B ok st D ) s oz b, sz 7t 6 1
Mo EPUARE . 3% R R A AE ] LS %
SCHR [19].

DNA # #5055, MR E A 22 A AR
ol B 7 HEAT 8 e AR I SR R ER AV R (] ) O
2, i N AR, (o FH SaRe A B AR A S 4
JEEFR.

2.4 FEYIRIFEIEAYRIEINRE

VIR SC 5005 B BS9S]
T RSO N N T ORI, BEIMSE S Y
T sclES, i TIRF U L3R TUE 9K
P26 1, 38 e R A RS2 560 R e )
G 2T AU

S BT FH 55 3 A SR T BB APTES
P56, 78 APTES 240 FR 5 A PEG 4fifk
B, B A 1% 1Y biotin-PEG 2k 54
FMEBEMIN DNA SR SR, 3% F &1 58
BB R UV, 4 PSS DNA, fITA RecA ik
I ATPYS [ E 15 min Hl 454 & 11 22 29, [
JEAER R TN A K SbRiE Cy3 7RI XWEE DNA.
TEST RO SRAZ B IN AT K AR R AE K 5L R4k
Fi i) (201,

XU B e 5 22 1 15 min, 15 min N
KR A2 S 5 RN BEfETER AR R T
JnA DNasel NI HEATEE DAL BE. B SR ATPAS
IS N RSS2, SRS A B 22 A 5 K e, (RR TR
WEAZ B F 22 ke o, BEVIRT RIS, Tk
P 30 min AOREDICRE ™= Az B B 0 X HRASCR, IRt
it 7] P[] 356 72 M 30 min. 5 FH 4542 3 380 A 96 Ol
BOHATIHHE X LU DI TS 19200 s 8, Al e
R St A A 4 SO ) LA

2.5 BREBZLHGIEF

AR S0 H I A B9 A% B 22 78 OBt A0 58 i
#0145 . 7F RecA [ buffer H¥ RecA & M % H
FRUAEE /R EE 1:3 B LLBIR G395, BEG#M 72 5 mM

ATP9S, 7£ 37 °C T H 5 min, HUH IR A R
AL Rt FR AT SEEG . RS A
AR AR, B RecA JFUR 2 pL, 5 100 pL
1 RecA JJii buffer 85MR A&, #7885 mM ATPYS
JE AR W, RecA 5 50 Wt 1 Y 24 DNA
23 HAREIE A% B 1 22 23544

3 ERAERG AN
3.1 WiFgEXHRNEEERI 3 bp X4

BRI R AR DL 3 bp HE1T. Lee
4% B21 ) DNA curtain SZ5 8, 78 ATPHYSE&A:
TEEsCH T LLBS T 1 AN ECRE, (A2 A Sk
FEBCHRIERETY. QiR 3 bp EEeEE R IEA KL, BRAR
A DL i — AN S B, T84 A0SR —A triplet
AR AT — A C AR IE RS, AR 122 1T DL s 2l e
DAL SR B R AT T 2 A 8 4 A5 OB L 1) DNA
P, Fpal 4 69 ANIR3E, /i 45 4883 R [R5 7
G, JG 24 DRI 33% FEFLITE, B FL R L 1
S AR TEREA triplet WP, BIEEAS triplet £4 5 —14>
FETCHRIE, Q118 1(a) 7R, WREREE S #5275 1]
DL I A A5 IC. [RIUR T 914 B R F 18 bp, T2
[ 058 2 e 5 48 S IO A 1 2% 22, [R] U R
it DNA 588 F 22 (00 16 KW A 5 T fie fiff 4 i
AT, TE R =B 2544

BN FARICAE U H (10 B A ME I, A7 FASIC
— AR R . ARYE R T ) AR A R 129, 7E [
TR AL R, Gn SR sk 2e el B i B BH AT, Flax
X 25 DA T B AR P A B 1 22 s, R
FRBRAESNEB IR RT LA N DR AL B 964
Bl A A (R IR I 25 — A5 48, O R ARk
TSR RS S SE 4 KA, HAME S A REETE
AR A DNA 9 H 228, i LM AR B
BATRRAOK IR, DO EORNAS . AR 2 R Bk
T ORI, WEAR R [ 22 B A S RE A
AT, 78 O A BE 1Y 5c . O T BEA R
F 22 B D) RAP B RCR, R T 52 &SRR P 54 E
SRR, AR AN 1(b) FioR. W) SR i)
g4 VEEC ST REZH N 33% JR S At Fi S i 261

B U R S 4 R an & 1(c) FioR, FE 4 PURL
xR SC v, BiED) 5 28 s O BEYTHT Y 96%,
SRV K e Ak T 33% AR ECAYSZ Y, Cy3 9
S EAE R 5 B R DTG 19%, BERHEE RS #
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133% mismatch sequence |
! I

(a)

i e |
7> e Sy Sy
LT

1 e PCECHEEDT R P S0 5 0 7R T 45

(c)

o %%

Normalized count/%

100 33
Match mismatch/%

(a) B35 B TC 7 9 B R LD AR AP S 30 R A, G 3R AR R IR 97, 20 G 2y

R FH; (b) 754 VCHC P 51 B 15 00T BE DD PR 4P 520078 FEIRT; () WU S g st 2R, 200 O 42 DT L 10 F 33% 5L 1 51 1) it 1)

oL (RELARGTHRE), BTN A2 30 min

Fig. 1. The enzyme protection assay: (a) The diagram of the enzyme protection assay with mismatch sequence, blue strands represent

homologous sequence and red strand represents mismatched sequence; (b) same as (a) when using completely homologous sequence;

(c) the results of enzyme protection assay.

BEAE g AsE 1L, FAMERI B E % L B-DNA 1P
BB AZ R 22, B B A2 P TR HP 19 DNA K S
DNase TYJB%, Cy3 70T =45y BLE 1
Wb, RO, 50 IRAXT I, 33% 5
W5 4= DU Y S R B SE AN ], B TC Y81 I RE IR
SPURCSEIe — IR S RS . 4R UET,
A~ triplet P20 A — A BCIRCRE T, BE A it
RECTE: vl i POl 571y A A BELAT- 1T P 1, 75 B BE A
HnREAZLL 3 bp WA K AERIPIAL AL,

3.2 [FRRSFHBEINRARELREET
R $E T HK

TR DI 3 7 s R e ik 4 B B 2 A 58
AT, JOIEAS BIHE RS a2 5 I MERR A0, XL 1Y)
MEA —E B M. FRAT 8 R85 7 ok &
it 33% FETCT AN T W RE S 4 A5 1k A A 0
AMEE] T K E . BEESL R AT an Al 2(a)
Fas. o T ARG 5 R {5 M L, (RIS B 13K )
XF DNA hairpin #9528 PR B2, 5550 Hh ik £
T 7 pN Byh Iy e FHAS G 5 E 17 5L 5 T,
FH 4 VUHE 25 56 1E DNA K AR Ak -5 05 il ik 4%
XTI G R . A VE L HIC BE R 69 B 5k, AR B8
FJC BLA PAOIRAE 7 pN K 545 DNA 1 F 4
BIFEMAEE A 0.31 nm, BP hairpin 7 47 & E&H —4
i A 52 UBE A8 4, WEBR T 0.514-0.31=0.82 nm.
SV T A L IR 25 SR Wl 2(b) Frs, BEERI =

BT 57 nm, HRHE AN 25 69 bp HEE, [F)
T 50 XoF FECSIZ 6 D5 T B 55 B B P 40830 0C R IE
FETT R %) 10 552 S 56 [R A FH S X [0 5C ZR A T4 5
33% HE L S5 BT FH 9 DNA 751 5 B U1 b
SERS AT AR, T 45 AR RIVRT, J5 24 4>
B S OB 34 50 3 A 1 33% S BCIT A1, A X
55 A5 ANIREA Sy S, 1R [R5 S A T
IR 2. 75 ATPYS 55440 T, R andse st i & A
255 3" 2] 5' J5 34T, BIA DNA hairpinZ; M
D7 BT 1) g — M4, RS AN 2(c) B i1y
SCEG 2. XEEAC G S A BRE, AT T ek B K
FEMSETHEL, s 2(d) Fis. oS B (B 2(d))
ATLLUE Y, bk SR AR th A T AL E, DR
oA TR ZET 9 bp (-9) AL E, BBHTE 33%
FEBCFR R RIS OL T, Bl A48k SO0 TG T 5 o e T ik
e, PR scH bR, BT E L T bk
SR, IR A T fE A4 o8 4 o 85 i 33%
JE AR L 813X — B B . ndsed® LA 3 bp A HL
DEHEAT, 456 HEACH 1T DABS 3 1 A5 BO Ol 1 25
W, WA ERAr O AT DA i i, (RS IR A5 R R
JUT A B 2445 I AR SR Z AT, X 5 B ) OR3P 5
A IR — 3y, BLRHEEACH T BEASE L) 3 bp
R R AR, T 55— A EE AL B AR T 5
T Z 1 9 bp(-9), Ui WX ER - HEAS gl BHPS7E 1
T ZH 9 bp, Mi-9 I F T Z [8] 1A B W i, X
TR T R Ul A AC e ) 20 K B R 9 bp, 2 7E-9 fi
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E o)
(b) E a0l 180 2
g 60 60 =
= 40 :40 =
= )
2 20f 120
(a) g o0 0 =
5 10 15
Time/s
40
T (c) g 40 §
. I ) M ) g
D b;
| Soppem o
5 10 15
Time/s
Incoming strand &
filament (d) 63
@ @ @ 541 .
Complementary strand Homologous Mismatch
sequence sequence é‘ 15 N
Outgoing strand < ".u."ﬁ'}"
B H Y
B w
3 09502
g 36 *;vjt‘ ************
¢ ? [
e — S e —— L3
27
L
18

33% mismatch

2 UGS R R DR AR R R S T MR I (a) REBESEIR AR B, 2L O BE USRS IO 31, (SR AUR IR IR 571
INZE A 53 90 X 1o i S 4 o g ke A 22 i, 4 WE TE 1 B0 ) 5 S5 480 S I, 0 i 5 F80 B E P 1 FEL S = P IR 5 (b) A2 DR TRC 7 571 i
B2k, Heskal LLBEAT BIR ;5 (c) i 24 A BBHE DAy o 40 T I A 56 1 2, 20 €0 0y SR TwI A3 15 (d) 33% i T I RO 408 4K B2, 20 (B s

AR, L0 O L AT 9 bp A E

Fig. 2. Using magnetic tweezers to measure the strand exchange length under different periodic mismatch sequence: (a) From left to

right are diagrams of experiments when strand exchange is not happened, strand exchange process under homologous sequence and

periodic mismatch sequence, respectively. Red strands represent mismatch sequence and blue strands represent homologous sequence;

(b) trace of fully homologous sequence; (c) trace of periodic mismatch sequence; (d) strand exchange length distributions of 33%

periodic mismatch sequence, red line marks the interface and red-dashed line marks the position which is 9 bp before the interface.

B R EE IE LS L2 S A R B> T2

RIS UL A% B 1 22 A 4 1 AL KA ) T
PL 9 bp ZHETMA S 3 bp, 5 Zhang 55 3] 4 525
SERMT A 4E R xS R Z L 9 bp #E1THY
PG AR, AR e XS e s, BHeE 2T
[FIAEAS B Y fE Ae . 22 T E-9 bp Z A T3,
SEVCHRLEE A AR A A TRE AR, T T %
S I RARST, X AT Revh B 3[Rl S R A 5S4
RIZI N 73 1L

3.3 ESSEECHEXTHRER RN

T T P 0 L S 56 2 /R B A A KA1 4 9 bp
A 3 bp, F485 Fe ok FE i JE 30k 3450 43 A 1 4
N RIS oA . SR A 69 B i [R] UE
FPH, B 40 SH8FETF IR, 3 A 3 AN 1% S5 ok
He, 38 i W B T e S 4 B A B e S A BE A
LA TR

SIS R AN 18] 3(a) BTz, W 3843 S R 8

JEA, L1880 53 R % S AR TO s EE 7 1), ik DUt 1
Bk AR, SR 2S4S N R A 5 4 AN ]S
1) Jry S O RS . O 1 S X0 M TR T R e
ZEAAFENR o AR B GE it T AN ) B B Bl 5T
B S 0 B M08 8 o ST B B, A SR R 3(b)
i i = ¢ 8 e g 7 S (95 o A T e
LA A RS 100%, I IEE S A 7>
AT 2 MBS, S84 R AR RE RS RN T K
PBEACHAT R mT LA 1 74 3 AMEFLIRIE; 83% 1Y
FEAT IR B 4 SRR T, 5 7E A 22 AL 2
LT IEE E A 5 AN, BE AR S ) 5 426
s R A L.

HESE 3 AN PCIRIE Y BE A e s Rt — Ui T
T AR 3 bp, ARSI 3 bp,
SEBCA B BT 100% S5 HCHY triplet /Y. [RIEE, 40
El 3(c) IR, MuEscH b K 9 bp B, 3 M BCHR
FER I B) S AT FNESES3ATTE 9 bp N B BC AR BE W]
FERN 33%, HIFRI T AN —FERSE . X & 4
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40th nt

(c)
N=3 29% blocked
N=3 ﬁ@@ 100% blocked

F
(a) (b)
100%

F
:
‘ X
>
F £ T T
3
2 (d)
g N=2 % 0% blocked
n
[ g TN 1% biockea
* j N=4
Mismatch @ T T

base pairs

0%
2 3 4 5 N=5 100% blocked

Mismatch basepairs/nt T

L ] L ] L ]

3 (EHBEEE T R R SRS IS ) S IO IRE (o) REBESEIN MR BRI, LD LB R AR IR T A, W B
[ 6 7 51, DA 2 B A 3 Dl S e S 4G BN 2 T, e A A0 A TG W BEL A R i S 46 8 0o B TIC R 1) = R IR 5 (b) A [ 322 8 4 T W
FEACH I B IR T R W A L (R ERANR G IR 22); (c) 33% H65 HL T 51 FIE 22 3 bp 44 BE T 51 ) B 6 o7 " 43 A
N SEBC A AL, 20 AR AR EC AL, O AR I PRIEEE; (d) [ (c) —H:, HIRRAR N = 2, 4 H1 5 I A 55 L L 23 A1

Fig. 3. Using magnetic tweezers to investigate if strand exchange could stride across continuous mismatch base pairs: (a) From left
to right are diagrams of experiments when strand exchange is not happened, strand exchange process blocked by continuous mis-
match base pairs and strand exchange process stride across continuous mismatch base pairs, respectively. Red segments represent
mismatch base pairs and blue segments represent homologous base pairs; (b) across probability when facing different continuous se-
quence; (c) the mismatch base pairs distribution of 33% periodic mismatch sequence and 3 bp continuous mismatch sequence, N

represents the number of mismatch base pairs; (d) same as (c) when N = 2, 4 and 5.

BCHREE A, 33% FElC 91 4 3 iR A — 1 PCEAGE T AL ES G, R A AL PR
B C A, S R triplet 152 B, 1 S RE, I PCE Bt S EANE R RE BRI 2L A,
3 A I B 22 R W 119 triplet KR AT BR, P 52 52 Rz R AR E— R E AR, T TR A
(1 triplet KO X HESCHRAT 3 HE BN SERIE LAt AE SR APIRAS. DR RN H X i 2

PR 3(d) Bz, BB 4 20 O il A g 48
T, 9 bp Y6 AR 81 B4 () PR B 2 M AAR i i
i A BRSSP ki, SRR P [ 1088 25 [ D5 4
ARSI TR ). BRI Z AN, B2 Y S IO B
A1 52 B C B RE 52 R (1 triplet £iast H8 i, 7R [R]
TR Z M triplet B (ILFIVEHTR, 5 ALk
B IO JEE AT [ B 4 S . 26 U 5]
I V5L RE A 32 5 Y triplet KUk 33 23 X E XS #™ /
SR, ARE NI B HAHLH RIS A B eR ik

4 W ®

ARSCEEE T RSB RS 0071, # AR [H]
FETL T 9 A AC e S0 B0 E T B sCHe (2E K oh
9 bp MZ5E. 456 IS S E IR, AT HLER
Y5 P A Host At AR e, [RIEHASEI 9 bp J3 3 [ 5B
() E AR IR AIK 20, SEEAS B KA F L 9 bp &
AEAETE K. DNA 75 588 H 223047 [R) 5 LU XTI

J o B e AR SC SN, B A H A 5 ]
e BEAH S, 35958 9 bp. [FIAT, 58 i X 4 52 5 A
KT ) oA W R S BE S M i 2% s B A
T HHIZ AT 9 bp, XA~ BLG AT AE-5 i 5 e i [A] I
PR BLE B DIAH O, (HIE 75 B — 20 B SE R R R
FA T e LA IS i e 114 i A1 A7 T 2 o e S 4
FEAE R SR BRI B AR R Ry, SEIC I K
(4 triplet K F B2, MOE A A= B 5240 . FATTHED,
B G B A B8 T8 A= ) I 51 LU X Y 9 bp A
BRHER ) PR AN WA, BN S AR BEIE A&
XUBE BT FRAR B4 H RETC 12 T P 25 A 6 TG B )
PSRRI R 5 XU P R AR E I, (RS SCHTC
I H AT LT HEEL KT 3 bp e, Heb
A 9 bp WY [RIEAS AL AT L2258 22 1O R e
Bk, MREZE & 0 2 pO I T B, IR AL
HATH RGBT, AT H A W A A A
PR AL, 2 T IR UE LX 2 ] 26K 2% 1K 9 bp
PR B BC R ML A, DT DR S 75 e, LR
JERAE AR HLRE, nTRE2 oy IR, b BT
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LSRR R I ZEe. =T HABA 3 bp
WS K B IT 45 R, R RE UL T8 A IR Y.
FATNH 3 bp BIZIEFEA LI AL, T 9 bp J&
FEMTIRE AL, IREURAT S R)Z B 5 FHLE AT LA
4 3 bp 5 9 bp WA RS — ok, X SLH T i —
I S IS

T S 55 v (o FH DT PR 4 S 56 56 U e 5 48 S N
JETSEATEAT, 8 T RGN B A e IR ) 7
e, I O RS T AN 2 R T AR EE ALY
FEACHR L. MU S A B IR AR, HE
SEESHEE 2, T A AR TR AT I RS
Bt A IS £ 5, W DM 20
BT . A BORRIA AR, IR AT 4 Ak
K, IR VE ], BBEFEE, -2
B RV 2 AR A 5T

5 & #®

AR S FH D) OR 37 S B W T[] U5 2 i 52
e LK T REA Y 3 bp, MBI TREERTT 12, it
JESIPERS O 51, Bk 1 [R5 21 A R S 0 K A
6] 9 bp. LRSI A, Wt TR e K
43 bp HIULIE, [RINE AL T 9 bp WFFS ) [ J5
JEFIGE IC BB ) oo A L [R]R B S it G . 45 21)
PLEggR e, FATRRREIRZ ER, $ [F R
HLH TR S . X SE i A REAFRER IS fie
ERA TS 2 B SR — P IRARR, B
TF R 2 237 B X — O
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Abstract

Homologous recombination (HR) which is important for maintaining the genetic stability of the cell is
mainly mediated by recombinase. As a critical recombinase exists in prokaryotic organism, RecA has been
widely studied. RecA could bind single strand DNA to form a filament structure to perform strand invasion and
exchange with homologous DNA. The basic strand exchange step is a pathway to investigating the mechanism
of strand exchange process. However, the specific step length is still controversial. The mainstream view is to
regard the basic step as 3 bp, which sounds reasonable because the basic unit of RecA filament is a RecA
monomer which binds 3 base pairs, but our previous study found that the most probable basic strand exchange
step is 9 bp. In this research, we set up a series of experiments to demonstrate that the basic strand exchange
step is 9 bp and how the mismatch base pairs in 9 bp affect the strand exchange process. We ues digestion
protection to confirm whether the strand exchange process is completed and we employ a magnetic tweezer to
measure how many base pairs are exchanged by strand exchange process. The digestion protection experiments
show the strand exchange cannot overcome 33% mismatch sequence, but according to the result that strand
exchange could overcome a single mismatch base pair, so that the step is not 3 bp. According to strand
exchange length of 33% mismatch sequence, we find a 9 bp interval between the main peaks, which implies that
the strand exchange step should be 9 bp rather than 3 bp. We also use continuous mismatch base pairs instead
of periodic mismatch sequence to see whether the strand exchange process can be overcome. We find that the
more the mismatch base pairs, the harder the strand exchange process passes across. Homology degree and its
distribution both affect the strand exchange process. In general, the results suggest that the strand exchange
step mediated by RecA is 9 bp, and the number of mismatched base pairs and their distribution influence the
strand exchange process. The combination of digestion protection assay and magnetic tweezers can further take

advantage of single molecule techniques to investigate mechanism of HR.
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