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Effects of Salt Ions, Polyethylene Glycol and Force on Twisted
Structure of Double DNAs
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(School of Biology and Biological Engineering, South China University of Technology, Guangzhou 510006,
China)

Abstract: Objective To investigate the effects of different salt ion concentration, polyethylene glycol (PEG) and
force on structure of double DNAs braids. Methods Taking the 10 kb DNA as the research object, the effects of
different concentrations of salt ions(Na*, K, Mg™), PEG and different forces on variation of relative extension
of twisted double DNAs with rotation turns were investigated by flow chamber experiment of magnetic tweezers.
Results The structure of double DNAs braids was sensitive to salt ion concentration but insensitive to PEG. With
the increase of ion concentration, the extension of braids changed more gently with the rotation turns, and the
electrostatic shielding saturation concentration of Mg** was much lower than that of the monovalent cation. The
effect of crowded environment on DNA was mainly the compression of contour length. The twisted structure of
DNA was more stable under high force (above 4 pN) , and fluctuated greatly under low force (lower than 2 pN).
Conclusions The braiding structure and mechanical properties of DNA are affected by ion concentration in the
solution and forces. The results may help to elucidate the mechanism of chromatin torsional torque affected by
solution environment, and provide references for the function of topoisomerase under different solution conditions.
Key words: DNA braiding; ions concentration; crowded environment; force; magnetic tweezers

%5 B #7:2022-06-30; f&E HH#7:2022-08-31
BEE£WH . BR QSRR AT H (11772133)
BEEE Y I, #4% , E-mail ; xiaob@ scut. edu. cn



AWE, % £BF.BZ 573 WIR DNA HEEHFNE
ZHOU Yule, et al. Effects of Salt lons, Polyethylene Glycol and Force on Twisted Structure of Double DNAs 243

XA DNA 115 48 58 % % /E T DNA B il i 72
H, TEANNEN, XUEE DNA g fig i 52 i, T DNA
FI B O XURTiE 45 14 , Fifi 25 52 ) SUAY i E , BEBE 500
S FHE T RE S HLEL P A I E Y L BREE A B
BRIESS X DNA 1Y 52 il ik 7 7 A BHLAG , PR 4% T4k 258
F14 e R E T B 2 5 B0 M JC ¥ R 4 3¢, Wang
SEIESY RO R ELAZ AR T DU DNA. 41 %% 158 42
JRERY HLAE 5 /MR KR RUE e, HOR T #4) DNA
(CEA/ME) B B B, (1 R B 5
SRR S U B, A B T 2% 15 03 B R4 O
2 AR e AR E L RBLH RHH
WIEE & DNA SBIRBESS M Ty b i 2 — .
T2 e B IR e RO S5 A A 2 JETT 20 DNA 52 4]
PR MR A o) 2 A A A PR R b S R T
RES T B 200 i 73 531 e T B AR BOBUR. DNA B IRIE
(FUHH 7T R 235 i i 1) £ TS ASORBSCR

FEAR A VAR BE T, 40 B N 8 VR B S Bl o
SN 5 17 5 R A2 AL, SETTRZ 0 DNA B Ak
B FIREE0 . DNA BA &R 8 mT LS 4 s B
THHEAEN, OF H 4 J8 B 7 R BL 2 2 %) DNA 94
G RoEtk B bR B Y i, Z A4
FHES 715 B-DNA KA R B IR B R 45 5 = T3
DNA [i 25255 77 Tl 25T 7 5 AR [ A2 e 2 ) £
BRAETCN 5 46 Jm B 74 A I, W] RE B N — 2 Rp ik
ZERIN G-PURE IR AET L B R AR L S LI B
S 1 75 2 B VR T A A A s 1Al B
FZ I SHSUE I, 23U SE R 41 250, 4 T
SR A FRAE AT | LA ST RAR A S 2
DNA 7371 JE 2545 by PR 8 7 R 508 378 T 722 A i
DS I HH B MR Y ) 27 S B R AR R 7 A A
&, I LM AN 50 m] 38 5 B Jo r) o802 8 Y 40 i
[ g 5 Ak Rg e

BRESTA0, A0 A & I AR R A, 2
FIEE 1 BTAF Q05 1 40 A AP BFEREE , 2 %) DNA
LT A —TE I XA ) A3 o I AR A AR
14 20% ~40% , Jb W FE Foe i v Ak 31 0. 4 mg/ L A
AMIFFERT H 5 £ B ( polyethylene glycol, PEG)
BHUSEE AL AR R, PEGC &R EUR
M DNA 7r FHY R4S, H 5 — @ W E R Mg™ fF7EH
EAK (V55 R

FURIT, X5 XUHRE DNA 1 5% 8 SR 45 F4 1 g 2 o

PRI, AN PR F B4 — 5 1Y Na™ 35 WU B LA B — 3
SYERETTENY ) T HAbIRE T L T
XPRURE DNA. %% (1) 52 W 0 i A5 Wb, 75 28 T 2 5000
GEILIGUE , WFIEER B T AR B A OUR DNA 1
T 235 ) T 52 T A B 5 R T AN [) 7 B MR 1Y)
Fee A ARV 40 A 43 2L DNA 25 1] &y
St o A SCE I B RE R S, R LG A AT AN TR A
BB T (Na® (KY Mg™) FIAN[RHE PEG X XU
DNA H % i B e P RO Ak ka3 1 52 ) DR AR 90
WG WUAR DNA IR e s e Ve E . BF9R 45
R AR o3 B G (0 BT 7 AN ) A BRARAF T B HH 5%
IRBELSFFT T A

1 M5 R®
1.1 BSERR%

VER TR 58 H B E AR ik 2 — | iE s A
EIFEAUERAT G2 R Gk S R F W g 45 ol 45
WK 1(a)],

FuEE L b
ﬁ S
|| RN i 22
i sty T . ﬁa%mﬁ"@" EUE
L. L -
g e
B we N e
(a) T 3% LA AH2HLAR (b) 3K P SR DNA K

1 HEMREREE
Fig.1 Schematic diagram of the magnetic tweezers and flow

chamber (a) Components of the magnetic tweezer

device, (b) Coupling of the double DNAs in flow chamber

1.2 IR DNA

% H Pushion &4 3 PCR i) &, 7 4% 9 o5
ST A ) 2R R = 2 RS 1Y 10 kb DNA, AR
485 02 bp B I B 4K lambda DNA ( GenBank #
NC001416) , fHF QIA PR $2 4l 57 & 4lifb PCR
TR A TAZ FR B D W R JC FhL Uk S 6 A 3 7 18
alifb R, K Tl fb J5 1) 4 & DNA K5 A
Nanodrop Ml HE ¥ B | ~F-H¥ R (9. 4£0.5) ng/plL,
1.3 REEHE

Th s B A R RE AL Y T Bk A B
B 3D FTENAEDRLE A F1— AN I U) H B 5.0
AN, I B R i B I . DI RE AR R
P REAR BT T HELE (APTES) % —#E (4% ) ,



EREMAE $£38% F2H 20234548
244 Journal of Medical Biomechanics, Vol. 38 No.2, Apr. 2023

A-D HH (anti-digoxigenin Fab HE), & HE
113 4R W (bovine serum albumin, BSA) #4]
ZINREAL B 7 AT RRUE MR EK DNA ) 1l =5 = bR 25 i,
DNA HYAEY) R bR 2 v ] 5 R IABE 7 BER R IR
( Streptavidin ) FREPEHEK ( Dynabeads® M-280) 454
[WE 1(b) ],
1.4 XUR DNA L 5/ FREEENHE

H1 T DNA 5 BEERARAR 1Y LRI & A2 50
BEIETRE AT % 2 1 SR DNA-WE B A &R, O 15
P DNA 731 Z [ B ES
L4.1 sExaAmE 7RIy h 3] IE
TEASCT BHIZ S REERAE y HARER , 8 1 AN 3l Y % 2k
YERZ 2k, A E T BEssk o 79K, I
AR R A (worm-like chain, WLC) AR #E4T
wa .

l (1)

P

._KBT ﬁ_%-l-li
=l c

X 4 DNA 43 72 BB ST 5 by HBIR 2580
%0 ( Boltzmann constant) 3 T A& & L, A {5 DNA

25 HRDNA 25 XUHEDNA
20 ] 20
z 15 + 1~50 nm z 157 . 125 nm
X 10 Fit line H 109 - Fit line
5 J 5 f
0 WW’ 0 r UTM‘_.T“*;J“J"‘

0 02 04 06 0.8 1.0
Relative extension

(a) FiiE B/ DARDNATL A 45 1
2 XiR DNA R Ama FEESGE

Relative extension

T 1
0 02 04 06 08 1.0

I FFSE K E (persistence length) ;L. SHEEN DNA
A FIES B B (contour length ) 5 X A 5256 Hp il 75
KB, UEEREY], A DR DNA 4-+
AR RFEE A 3 2978 50,25 nm, HICHRT 28 BUR 43
TR R 2(a) ],
1.4.2 5 % DNA 4 F W EH DNA 7 F 7
19. 8 pN JJ R B B, H45 10 k45 o 1 B A 32 1 D
ST e S P DNA 43 F R (d) fh A A
LU

L=L +8

LI'=(L,+S)* +d

11€2=()2+(R—S)2

d=(L, +8)* = (L, +8)? (2)
AL o DNA 73 FRUR R BE s L, B AR 1Y
AT (BD B ARREER S REER AR X0 B 22 )
L, A BARERTE S Ja e A5 1 0T K B s R Bk
A2 R=1.4 wm;S N DNA 7> T S5REFRIIEE S 5
Tk 2 T v TR ) ELBE 25 [ WLIET 2(b) ]

(b) P4 TIRIBE B JLAT R R

Fig.2 Screening of double DNAs and estimation of molecule distances (a) Single/double DNAs fitting results,

(b) Schematic diagram for geometric relationship of the distance between two molecules

2 HZ#R

2.1 EBMPHEF3IWIR DNA HFZm

163 pN 1R wish i v 545 1) PBS %
1 mL NaCl 55 KCI B ] (9 2% vl i B 4 i, SR 5 4% 70
R % 2 pN Frindie . 455 3RM BT I A &%
M) SE IR 25, DNA 43 FH 5% 25 XS W Na™ Vi B2 1)
R A LB 3(a) ],

Wit L% B B i, SRR DNA 23 FIE B 4 21
IR BE B M /N, Na® v B AR, 4 244 B s
/N PR Na™ Vi B2 B g ), 4 SRR BE D3 /N 75 8

1, RGN SRR B AR {35 5 B ik
FERGAI, & FAUR DNA 4 FFE50 13k 3
R gL A IR BERT , T Nat VR B T
PR DNA 43 FZ B AVE G &R, Na® Wk B 3 AIG
B, 40 10 mmol/L ZE 47, 3 DNA 4343 i F 3 5 1)
FHLAE R MG ) TR Bt . )2, DNA 43§43
A TR, SLEHE AN IR T, g U
ST E AR SRS, W T SE T o B [ W
KI3(b) ], P, Na' ¥ BEBR KRBT, g LA K B2 AR 1k
CilL- =510 R8N

K YE R4 X — B2 R A 7, S 50



BRE,%. #8587 . BZ2TES5 A3 WIR DNA HEEH#NE

ZHOU Yule, et al. Effects of Salt lons, Polyethylene Glycol and Force on Twisted Structure of Double DNAs

245

= =

g 0.8 - S 0.8 - 500 mmol/L
2 1 10 mmol/L-after a2 N 100 mmolL
2064} +10 mmol/L-before L 0.6 | 10 mmol/L.
% 3 7 b s L &

o ey - g ~ ‘ : e Ty s

o L} L .

z 04 i z 04 Tl T

= = Na' D=0.50 1,

202 &£ 02—

0 5 10 15 20 25 30
Rotation tums

() FUEE G MY E IR BE AR A VT 36

0 510152025303540
Rotation tums

(b) A EINa W fF

£ V8 Titmmn 508 = 00 ol
[72] [72] 50 mmo!
Soo| HtwrgBEE 5] 10
5 RV S I L ey
204 . 204 ERfag

E [ D030s 5 |Mg D054

B0 5101520253035404550 =70 5 10152025303540

Rotation tums

(d) AFRIMg> W BE

Rotation tums

(¢) RRIK W EE

B3 EHhEFREINR DNA FEHEES THEX S FRENZN
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