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BLM~ 20fift g il £ A7 figt Jié g L 45 14 1 (helicase)
RecQ-Ct(RecQ family C-terminal ) %5 #4438, . HRDC
(helicase RNase D C-terminal )£ #2)3kUS). i ig il
RS 7 AN E AR R AP (T v T as
I~ VDA, 2% Ta . VARES ssDNA H
P G s AR IR AL, JEF T I~ IV A VIS
T—ARE5H ATP 45 G 1R E AN, 52 Bloom
CROVIE B IE R PR S MR A A8, k2 ATP
il S P AR TS 1, AT 1 A S0, C I ) RQC
S EERNFERA M EAED, 2
RecQ F MR BEMG IR AE 454, HRDC 45 #4182 fif
EmG AL R D X% 1) — AN [ U5 45 #4455,  HRDC
SEMEAE XIS 5 T AR, HAE
R 2 5 IZIRIN 25519.

iz T R TuE e, 42 K1 BLM fif g
BEEAE KBS P T S BEAR TR Z5 401, SR, 43
i JZ A7 43 A7 AT DNA i 5547 AR AIE 7T 7 BLM i Jié
B CE RN 2 BRSO, S 4, oy B — AN
i@ it P Y. BT — BB AT I PR 2N, T A AT A B
INZEAA BLM fiff e (1) (i AU AZ O X AR dsDNA
I —AN AR ? T2 T fif BLM i@ lig i i 0
XL RRENLT], X 5 dsDNA 1) 45 & FI i B N
PR TFERATIRATI . A0z H 2t et A
WFFT BLM fi# € B A0 A% 00 (BLM®2~20) 5 B AN [F]

KRLI 373 dsDNA [R45 5 AARGEAs L, 70 B FLAH
KREFESH, BRITIHS dsDNA 145G BB TN fift i
B, A HE—0 0TI BLM fif e 1) Th RERe fE 42 41t
HR LA

1 MR57E

1.1 k5

T OB (dithiothreitol, DTT)IE A v L 5T
Solarbio 7~ #]; ATP(ATP-Na,) T 3¢ [E Sigma
H]L AT R Milli-Q B4l K R G0 B 4l
IKAE R SEB F K. AHIE TR AR 220 4 5 4 43
Mrali g . fisEas PER I SZ il Fl DNA 454 1% 1
I G2 phi Ay IR — 22 vh i, HEZH R 25 mmol/L
Tris-HCI, 3 mmol/L NaCl, 3 mmol/L MgCl,
0.1 mmol/L DTT, pH 7.9. DNA M)A 22 K
20 mmol/L Tris-HCl, 100 mmol/L NaCl, pH 7.9.
1.2 DNA E¥IREE

PAGE 245 47 98 b 1L [ DNA JRH &5 BT
R E A H ARG R A, PRI W 1.
73y BB SE DNA(ssDNA)A2. A3, Ad. A5. A6.
A7. Bl. B2. B3. B4. B5. B6. B7. B8 fEJ&Y)
b S Al SRR S, 85C KM 5 min, Fill
PV AL, PRSI dsDNA AE R iR gl DNA
SE AT MR T PR I R .

Table 1 Oligonucleotide sequences used in this study

Substrate Length (mer) Sequence
Al 21 3" FAM-TTAGGCAGCTCGTCTCAATCC 5’
A2 21 5" AATCCGTCGAGCAGAGTTAGG 3’
A3 26 5" AATCCGTCGAGCAGAGTTAGGttttt 3’
A4 31 5" AATCCGTCGAGCAGAGTTAGGtttttttttt 3
AS 41 5" AATCCGTCGAGCAGAGTTAGGtttttttttttetttttttt 3’
A6 51 5" AATCCGTCGAGCAGAGTTAGGttttttttttttttettttttetttttttt 3’
A7 61 5" AATCCGTCGAGCAGAGTTAGGtttttttttttttetttteetttetettttetetttttt 3’
Bl 27 5" AATCCGTCGAGCAGAGTTAGGtttttt 3’
B2 28 5" AATCCGTCGAGCAGAGTTAGGttttttt 3’
B3 29 5" AATCCGTCGAGCAGAGTTAGGtttttttt 3’
B4 30 5" AATCCGTCGAGCAGAGTTAGGttttttttt 3’
B5 32 5" AATCCGTCGAGCAGAGTTAGGttttttttttt 3’
B6 33 5" AATCCGTCGAGCAGAGTTAGGtttttttttttt 3’
B7 34 5" AATCCGTCGAGCAGAGTTAGGttttttttttttt 3’
B8 36 5" AATCCGTCGAGCAGAGTTAGGtttttttttttttt 3’

FAM represents the fluorescein chemical group.
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1.3 BLM* '™ fZiFEmg A% &

BLM®2 20 4] K Jl AT B BL21 B Ak pH R [ 2
B A — K2 BB 1) B2 4801 AR I 9 0 1t
. B 6 AN AR % (6xHis) ) BLM H 4]
KIAF#, 46 17°C (1) LB £ 953 b Fl 7 N 3 -B-D-
AR FLBE T APTG) 5 K14 20 h, W 4R v 44k
75 (35 [F Sonics A ), &R b W AE
AKTA purifier100 & [ 440 E B SEA Z AR
Superdex 200( [E GE Healthcare 2 &) #E4T 7> 25 41
b, SRIF AT T IF R A ) 25 R HE T JT 1Y) BLIMS2 120
fiff e T,
1.4 DNA & 7EMHE&EN

H) 51 i 4% 52 A SR Al BLM®2 120 g fifg
ff) DNA &5 &35 2. 7554 2 nmol 2¢ 64510 1)
dsDNA N ZZ P, 100 nmol/L i Jig gk 47
T E R 150 ), 78 25°C IR I 5 e iR (e
Ak, RIS S 4 (A P AR G 7R 2 nmol
dsDNA 5E2 W4 &, EFFEMA&E T, AL
2 nmol dsDNA FE445 5 IR &, 75 25C &4 F
TS LS e fm P A 1 A8 1k, B 8 s A3 1 1K,
B HAE. RS DNA 454 IR 25 5K,
{EL) AT AR 5 FE(D)ANQR)THE AR 10;

oDy = NP, % + K, (1)
l-a
A=A

— max’ 2

« Ama.x_Amin ( )

X Dy AT P43 )k dsDNA I JE B 1) 5 9K
FE, A AT —IRFEMEIEN 5 DNA 45 & 102t i
{Es A e A= dSDNA T8 RSSO I 158 6 PR,
Amin A dsDNA 2GRS, N AT TR,
1.5 DNA fR3EFR AN

EE4 2 nmol ¢ Y6hric ) dsDNA. i 5% 28 i i
B, N BLM®2 20 fig g il {ff dsDNA 58 4> 5 il
ghi4y, AE 25°C TR A I 29 6 e PR A 1 AR 4k, H
FIILRRE . INAAFWR LW ATP, B R AR
150 wl, 7E 25°C 25 I Ig RS M HL 2 't i B {1 1 4%
1, B8 s 1k, HEBIHEE. DNA ffHE
S HOT R 5 TR (3 )45 2P,

A, = A, exp (<k,i) 3)

A, RBREERT R ¢ IS AR A,
J& dsDNA 584> 55 il MG 45 6 1 1R 58t i Hi 1.
1.6 EKTHEGN

i FH KT S 5 S0 6 BLMS2 20 g il 55 A

[ E 370 (1) dsDNA ¥ 454 g ik 45 S AT 50 E.
dsDNA JEPIR H 96 4 52 56 1¥) DNA P41, A
FEE DNA A1 RHEAT 26 kR . A I i g i 5
dsDNA &5 &R, LR 7 EZ W R : 10 wmol/L
BLM®~ i Jig i 43 1] 55 20 pmol/L AN [7] K B 37 i
ff) dsDNA V&, BRMNARRN 25 pl, fE= F
I 30 min J5 BN 5wl A 22 (40 mmol/L
Tris-HC1 pH 7.9, 50% H i #1 0.25% (w/v) IR 1) #5)
bl N, {E TAE 2% ¢ (40 mmol/L Tris-HCI.
1 mmol/L EDTA, pH 8.3) H 6%E7% 14 3 4 s 1k
JE BT 100 VR LUK 1 h, TR 5 34T Je 6.
T KR NG 5 dSDNA PR AR BE R, 5 Kl it
JEMGF dsDNA [ 45 5 R 1) 55 50 77 8 ME— AN [R] 1)
J&, {F 10 wmol/L BLM®*~ ™ fi# Jigii /3 5l 5 20 wmol/L
ANFHCE 3730 f) dSDNA Y4 %Y. 30 min Ji&7, A
10 mmol/L ATP T4 N ¢ & 30 min.
1.7 FitESH

JIT A7 1 K 4 4k P ) SPSS 13.0 % 4 (SPSS
13.0, 2005, SPSS Inc., Chicago, USA)X ] F#:
KoM zE . ESEE Is F— M 2k MR R o My
Bl BEZEFERN P<0.05 (F- K%, WiEFE
ZERRRHN P <001 (F- K5).

2 & R

2.1 BLM* ™ fZhelg 5 A EHKE 3'im dsDNA HJ
L ek

FH AR e € 2 nmol AR 373 ) dsDNA,
o e ik WP 1a. @I 1a a4, AP dsDNA
YEREY), 2nmol/L DNA 4= i DNA- F 54 pid 1+
W, PG IR IR A AR L AT 2 nmol/L DNA S 3L i
Bei G iR AWM EE N ZERP <001, K 1b):
3'5i ssDNA K JE#K:, 2 nmol/L dsDNA 5¢ 4> 4% 45
G BRI, Hog a8 A 1wk
WK, EMSA (15250 45 RAL B HIBE# dsDNA 3 Jij
sSDNA K FE1 T, dsDNA 5 fift e il 5¢ 4= 45 & B &
AW 7B B 2). Hah, fiie
B fie % 581 AR il dsDNA 456, (H5E A5 Ja 1%
S HR A I 5 EAR T 5 2AT 370 dsDNA £5 5117
HefmyRfe. HAHTANFKE 356 1) dsDNA 5%
i B AR A0 WL B 3, B9 e R (B & 37 vty
sSDNA K& (138 hn g #8500 = 37 %ty ssDNA [ J& A
Ont ¥4ME| 40 nt I, ZOUMI{EiRLIM 112 ETF
F| 128. X JE Kl dsDNA 3’ i B A AN 7] K JE (1)
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A 85 A M9t R (3 K FE 5 dsDNAT 37 by
sSDNA [ S IEAH G 3751 ssDNA K JE M 0 nt
BN E) 40 nt B, 98 e (E 1939 I B2 K 20 A
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Fig. 1 The binding properties of BLM®*? ' helicase and
dsDNA with fluorescence polarization technology
(a) The binding curves of the helicase with different 3’-tail ssDNA length
of dsSDNA. e:0nt; A:5nt; m:10nt; o : 20 nt; A :30nt; O : 40 nt.
(b) Comparison of DNA-binding activity of the helicase with
different 3’-tail ssDNA length of dsDNA. Fluorescence anisotropy was
measured as a function of BLM®? ~' helicase concentration at fixed
dsDNA concentration (2 nmol/L). The concentration of the helicase was
10 pwmol/L. Titrations of different 3-fluorescein-labeled dsDNAs with
the helicase were performed at constant DNA concentrations under
standard conditions (20 mmol/L Tris-HCI, pH 7.9, 25 C ). Data shown
are x + s using five replicates, same as below in this paper. A, is the
fluorescence anisotropy of fluorescein-labeled dsDNA; A, is the
fluorescence anisotropy of the helicase-dsDNA complex. [: Anisotropy;

O—<: Helicase concentration.

Fig. 2 The binding of BLM** ' helicase and dsDNA

with the electrophoretic mobility shift assay (EMSA)
The helicase-dsDNA complex migration distance was determined from
the EMSA. 20 pmol/L of the unlabelled different 3’ tailed length of
dsDNAs were incubated at room temperature for 30 min with 10 wmol/L
BLM in binding buffer. Bound dsDNAs were separated by
electrophoresis on a non-denaturing 6% polyacrylamide gel and detected
by bromophenol blue staining. / ~6: The 3’ -tail ssDNA lengths of
dsDNA were 0, 5, 10, 20, 30, 40 nt, respectively.

Anisotropy

0.1 10 L L L L !
0 10 20 30 40 50

3’_tail ssDNA length/nt

Fig. 3 The change of anisotropy of different 3'-tail
ssDNA length of dsDNA
The relationship was determined with fluorescence polarization assays
between the changed anisotropy of the different dsSDNA and 3’ ssDNA
tail lengths.

R4 AKX (DFIQ2), 7 A H T e 5 A )
KL 3'5f dSDNA 454510 K, AEFI N {E, FLERrEpi
T PR S B W% 2, K, AR W 4. 45
RWon, M5 dsDNA 4551 K, {553 3% ssDNA
KRR A, RUFEIERS dsDNA 455145+
SR 53 35 1K ssDNA [ AT, Rl 3
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W M S5 454 T ssDNA. 74k, %5 dsDNA
SELI N A 5 373 ssDNA K J3 HE4T 4k MR,
HGME A y=-0.0949x+0.0911, 4 y 25F 1(H]
NAHZT DI, 25T 9.6(B 3/ %5 ssDNA K J&FH
9.6 nt), RHIBED TIATENFLE 5 9.6 nt [1] ssDNA.

Table 2 The relative constants of binding
between BLM®**"'* helicase and dsDNA

3’-tail ssDNA length/nt r N K,/(nmol+L™")
0 0.9844 0.2131+0.0334 4.534+0.543
5 0.9933  0.5924+0.1045"  1.728+0.134™
10 0.9943  0.9945+0.1367"  0.306+0.096™
20 0.9973  1.9799+0.1876"  0.298+0.065"
30 0.9899 2.9177+0.1345"  0.292+0.057"
40 0.9943  3.9193+0.1087"  0.278+0.046"

* *¥% p<0.05, P<0.01, compared with the control group. Data

shown are x + s using five replicates.
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4 y=0.0949x+0.0911 & | 4
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<3 13
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0 0
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Fig. 4 The change of K, values and N values
between BLM*? ' helicase and different
3’-tail ssDNA lengths of dsDNA
The values of K, and N were obtained from equations (1) and (2). K,
represents the intensity of binding between the helicase and DNA
substrate, the smaller the K, the stronger the intensity of binding. N
represents the ratio of the helicase and DNA helicase. O0—<: K,;; @—e : N.
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WK S, s 45 8940, 2 nmol dsDNA 584
L eRg sk & )5, N ATP, BEZE ATP K5 (1)1

@ 929

>
o
2
E
017 L 1 L L L L 1
0 01 02 03 04 05 06 07
¢(ATP)/(mmol*L-)
(b)
>
o
2
g
‘g
<
0 50 100 150 200 250 300
t/s
© 0.06}
0.05} | a
AA, i i

[=]

S

w
T

A -A , anisotropy
j=)
o
=

[=]

S

NS}
T

0:01@ﬁ|f|ﬁ

05 6 7 8 91011 12 13 1520 3040
3'-tail ssDNA length/nt

Fig. 5 The unwinding of BLM*? ' helicase to
different 3’-tail ssDNA lengths of dsDNA
(a) Unwinding courses of DNA unwinding by the helicase to different
3’-tail ssDNA lengths of dSSDNA. e—e : 0 nt; A—A : 5nt; m—m: 10 nt;
0—o0: 20 nt; A—A: 30 nt;0—0: 40 nt. (b) Time courses of DNA
unwinding by the helicase to different 3’-tail ssDNA lengths of dsDNA.
e—e:0nt; A—A:S5Snt;m—m: 10 nt;o—o: 20 nt;A—A : 30 nt;0—0O:
40 nt. (c) The unwinding extent of the helicase to different 3’-tail ssDNA
lengths of dsDNA. The unwinding of the dsDNA by the helicase was
determined using the fluorescence polarization assay described in the
Materials and methods. Fluorescence anisotropy as a function of the
concentration of the helicase at fixed G4DNA concentrations (2 nmol/L).
The concentration of the helicase was 10 pmol/L. Experiments were
performed in the helicase activity assay buffer (20 mmol/L Tris-HCI,
pH 7.9) at 25°C . Note. A, is the fluorescence anisotropy of the helicase-
dsDNA complex. A, is the fluorescence anisotropy of the helicase after

the addition of ATP.
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I, HBSG IR T FE(El Sa), mARFER—A
RS 7K. (BT 373 ssDNA K /N T 10 nt(0 A1
5 nt)[] dsDNA JEA, fiff e i 0 HAde 4 i 11 2¢ D D
PR =T 373 ssDNA K% KT 10 nt [¥) dsDNA
JEA, Ut PR RS 3% ssDNA K JE/NT 10 nt 1)
dsDNA % A7 e A . Rl = B, BEtge
e BE B R ity dsDNA, (HILMEBERE R dE W%, 3t
B it Jie T A % 3515 43 6 0 K iy dSDNAL. i Jie T
Sof AN T K B 37 3 1 dsDNA il 4 5 22— 5 19 I 1)
(&1 5b),  Fiti A5 fifp e P 1) 180 385 o 25 ' s 44 1L 220 7 %
%, HZIEFFHT. dsDNA 3'3 ssDNA K AN,
SE 4R BE T B ATP H 5 dsDNA 3’3 ssDNA K
FE AR M E B AT 235 22 (P < 0.05), {HIE A filaET
BEIRIINFR) 22 AN i 5. dsDNA 373 ssDNA K ik
0nt I, FARBEFRACH 2 IMIRIE A 13.241.2; 4
LK B 88 0 2] 10 nt B, FRAR 0 2¢O i B (5 A
372+1.4, MFH M Z(AA) N 242+1.5; 1
dsDNA 3'3ij ssDNA 5 A 0 nt 14 50 % 10 nt I,
DNA 12t w4 E 0 1 9.8+1.3, KW 3"k
ssDNA K & /NTF- 10 nt [f] dsDNA B Bl i e g 5¢
SfREE(E 5c). 24 ssDNA K ik 3] 40 nt I, K
X dsDNA [R5 AR 1) 28 G PR (0 51.2+1.7,
A, ssDNA KA 10 nt 8405 40 nt I, A%
B B A 10 298 6 I 4k 1L (AA) 34 N 17 14.2+1.7, 1
dsDNA 3'3%i; ssDNA £ J& M 10 nt B4 51%] 40 nt I,
DNA 9wy N 17 13.8+1.9, XM Z |H]
(22 AN 2, KW 370 ssDNA K KT 10 nt
() dsDNA 4 fift el 5 A fi 5. I CL L gs B4,
Al HEN dsDNA 3’3 ssDNA K JEZ4) % 10 nt I, il
TERFBES ¥ dsDNA 584k .

A A ) AN [A] 373 ssDNA K JiE ) dsDNA 3k
Ui, AR A B T 98O0 D R B A W), T Y
dsDNA 1l fift e i 52 4 5% i ssDNA 2, B TAT
A R e G ARIC ) ssDNA, Bl 3’ FAM-A1 # /& —
FEMD, FTUAESEA R NS FE T, ALK DNA
PR L BUE B ZEAF. Bk, T
e IR IR, FRTh T EMSA SER (K 6) K
M 5 FE (3) 23 B0, T AN [A) B 37 3 ssDNA (1)
dsDNA 1E Ay Ji 4 1 fifé T il 1°) e 3 26 (K ) 45 10 1)
) & (Bl 7 M4 3). EMSA 52 56 45 B £ 0,
dsDNA 3'3jij ssDNA [FKSEILF] 10 nt I, HARHER
ROR ] BT Kk 0 F1 5 nt 1) dsDNA, 4 373
ssDNA £ M\ 10 nt 34 031 40 nt I, B 10 250CER
BRI, 5156, WA GrER T R H

SER IR, In(A /A ) S ¢ HAT SR U de %
Z(2 B 0.99). dsDNA 335 ssDNA (KK 824 0
5nt i, fFEEREIT K., 77320 (0.565+ 0.045)x107 57!
F1(0.603+0.029)x10- s, 1fij 3'%if ssSDNA [ & A
10 nt 4N E] 40 nt N, H K, BHWEZER, 4%
(1.8+0.018)x10 s, JL-F-J2& 3'%ii ssDNA [
0 1 5nt N1 3 £, Z3 0 Zet BE40L dsDNA 3’ iy
ssDNA [P EEAE 0~ 10 nt. 10~ 40 nt 2 [0] K,,, 42
(&l 8), 1HEIMALME TR, KM AL
FEMIfE, 15 v=9.64. y=1.822x107 s, LW T
BLM®2~120i% iz g % dsDNA 75 25 fil 4k 75 2 3L 37 i
ssDNA K224 9.6 nt. 5 fi#JiEl 5 dsDNA 454 1)
S B — 3.

1 2 3 4 5 6

BLM-dsDNA
complex

BLM-ssDNA
complex

Fig. 6 Unwinding of dsDNA by BLM**
helicase with EMSA
Unwinding activity of the BLM** " helicase to the unlabelled different
3’ tailed length of dsDNA substrates was determined with EMSA
experiments. /~ 6: The 3’-tail ssDNA lengths of dsDNA subatrates were
0, 5, 10, 20, 30, 40 nt, respectively. 20 pmol/L of the dsDNAs were
incubated with 10 wmol/L the helicase at room temperature for 30 min
in binding buffer (20 mmol/L Tris-HCI, pH 7.9). 10 mmol/L ATP was
added to the reactions and incubated for 30 min at room temperature.
The samples were analyzed by electrophoresis on a 6% nondenaturing

polyacrylamide gel.

—0.03 F °N

-0.08 |

-0.13

In(4,/A)

-0.18 |

-023 L
Fig. 7 The linear fits between In(A/A,) and time

were preceded on conditions using different
lengths of ssDNA 3'-tails based on equation (3)
DNA and the helicase concentrations were 2 nmol/L of 3’ -fluorecent-
labelled dsDNA and 50 nmol/L helicase. All experiments were carried
out as per the conditions indicated in the Materials and methods. e— e :

Ont; A—A:5nt;m—m: 10 nt; o—o: 20 nt; A—A: 30 nt; O—O: 40 nt.
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Table 3 The relative constants of unwinding between BLM*>* helicase and dsDNA

3’-tail ssDNA length /nt In(A /A ))-t equations I Unwinding extent (anisotropyx10?)? K, (107 s™)
0 y=(~5.650+0.45)x10" x 0.9965 (13.2+4.3) (0.565+0.045)
5 y=(~6.030+0.29)x10* x 0.9941 (15.7+4.9) (0.603+0.029)"
10 y=(~1.832+0.16)x10" x 0.9894 (38.5+5.9)" (1.832+0.016)™
20 y=(~1.829+0.18)x107 x 0.9876 (38.9+5.7)" (1.829+0.018)™
30 y=(~1.789+0.24)x107 x 0.9945 (39.1+4.4)" (1.789+0.078)"
40 y=(~1.826+0.19)x10" x 0.9946 (39.8+3.9)" (1.826+0.019)

D Data were obtained by the unwinding curves in Figure 5(a). *, **: P<0.05, P < 0.01, compared with the control group.
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Fig. 8 The change of K, values of the unwinding
between BLM®? ' helicase and different 3’-tail
ssDNA length of dsDNA
The values of K, were obtained from equation (3). DNA and the
helicase concentrations were 2 nmol/L of 3’-fluorecent-labelled dsDNA
and 50 nmol/L helicase. According to the values of K, the efficiency of
unwinding was indirectly determined: about 10 nt length of 3’-tail
ssDNA in the dsDNA was necessary for the unwinding of the 3’-tailed
dsDNA by the helicase. All experiments were carried out as per the

conditions indicated in the Materials and methods.
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Study on The Interactions of Bloom Helicase Catalytic Core With
Double-Stranded DNA by Fluorescence Polarization Technology®
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Abstract Bloom syndrome helicase (BLM) is an important member of RecQ family of DNA helicases. It
participates in cell metabolism including DNA repair, recombination, transcription, telomere maintenance, and
plays key roles in maintaining chromosome stability. The mutation of BLM helicase may lead to Bloom syndrome
that characterized by genomic instability and a strong predisposition to many types of cancer. This study was
studied the interaction of BLM helicase catalytic core (BLM*? ~°) with double-stranded DNA (dsDNA) by
fluorescence polarization technology, and analyzed the related characteristic parameters to understand the
DNA-binding and unwinding properties of BLM*? “** helicase. The results indicated that the binding and
unwinding of the helicase and dsDNA was related to the length of 3'-tailed single-stranded DNA (ssDNA) in
dsDNA substrates; the helicase preferred to bind the ssDNA tails of dSDNA substrates, and every helicase molecule
may bind 9.6 nt ssDNA; the unwinding efficiency was the highest level when the 3'-tail ssDNA length of dsDNA
substrates was 10nt, no longer increasing with the length. In addition, the blunt dsDNA was also bound and
unwound by BLM®**™'? helicase, but the binding affinity and the unwinding efficiency were smaller than 3'-tailed
dsDNA. Tt may be concluded that BLM*? ~* helicase was monomer in binding and unwinding to dsDNA
substrates, and may unwind dsDNA in an inchworm manner. These results will provide the theoretical foundation
for further studying the unwinding mechanism of BLM helicase.
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