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HE EKEE DNA JZ 0k DNA [ iR In b a2, eI KT 1E SD108 (top A” gyrB225) 41 L i i A BL. BLAE K M
115 DM800(top A~ gyrB225)4M i Hh B AHL 13X Ak, IX Ut W HE B4l DNA [(97] -5 20 P e e e P B AT ELE R &R, Tl
LA SRl 1 A AE S oK. RO SEIR MG R 7s . AT ARSI ) T B R A b 3% P RO 410 S K g IV 7T LRSS DNA
SEATRAG, IXAUE UKL DNA [ 4 45 K L5 8 MR &5 K0 76 40 i oy it T LT AR 1. A P s 0 Sl BB X 2 5 1) pBR322
DNA HEER ST 00T, 5 iR IR e AT LA, SRR, HESE DNA 7 T4 AL T BRI, o RE
LU TF 5 RRURE 7 A0 R T 240 30%, SEFERIm E I T 60%, Z5KSHE T A 21 DNA. Ji4b, i ) AR Bt wF A 45 SRR W,
SR BRI IR SR T REGE DNA AGBIRFEIRA, T2 AT 85 F 248 % .

XKHEIR  EEUE DNA, KJAAF1E DM800, J51 7 Rilst, b mimsv

FRHSES Q71

DNA 2 4 i 4 5 = B AL Y, L YE &
P20 ML Y DNA B I AT RNA 5% 55 AL BTG 5h A
e R, BRI, WF50 DNA 46 b &5 TE X
KA ARG EZEMWE L. 1966 4
Vinograd %5 Mg iR T XUEE DNA A7 4 FlAS 1] (1) 25 1)
B B2 DNAForm [ ). JF#F DNA(Form 1T ).
2 7 DNA (Form III ) BA K fif 2% 1 1) 2 B2 e DNA
(FormIV). 5k, S bR SR IMIFUESE T —Ff il
TLAMPFRBEIN B DNA {EARSNE KT R XUEE DNA
(Form V)P, rp, Jiiki DNA Form [ . Form II PA
M From I ELAKSE ) C 2 9E S BB A R+ &8
TR IE 9T 45 B T UE 5£B 9, From IV Al Form V )
SER CEAT T B SE IR,

1990 %, Huang 55BIL, MI B4 41 57 4
fif Sl [ 1) K AT % SD108 41 i 1) 4% (1) ki pBR322
DNA FEfh, & —Fh DX 50T O %0 5 P iy 283
(] DNA B4, T8 0 v 25 B RIAE Fa vk o 1) v it
o, AR WERR N BEEE DNA (super condensed
DNA). 7EMG 5 FIRFFE,  B BRAR RIS MK AT B
P b S F g 56 DA T = R B bR HB1OT 43 25 it
HEAE LY pUCTS DNA.

SRR Kt H: DNA [ BT RE T DNA 45 /4T

FEHIH AR, T fi# DNA 185U 5 B 40 i e ¢
NI R AR AR, DL TR AT N 1Y) BB g it
THE B R, AR Tk 2 0 RS DNA 450 %E
AR B AR, 5O DNA MRS b — H %
L) iz R, R U, F-ATTE JURL pBR322
AL ) T B9 b S5 M B ST B 140 K B #F 51 DMIS00 4
Wb, R LR IR U7 v 4% Ok DNA, R IEIE 4y
BT A AR gy AEARAMR LG I S % 45 R
AT LA K T B 0 S MBIV 58 A pA o, IR, 4
T G375 S HUBE 0 A ol 1 2% TP AT HE XS DNA B il 1 25
P R, AR R 7 ) S AR R I 43
BT T R 4E pBR322 DNA 1 45 M RFAE LU K ik AR
FXF FL S5 MR RE .
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1.1 #l
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coli, topA*, gyr). SDI108(Escherichia coli, topA’,
gyrB225) UL f& DMB800 (Escherichia coli, topA =,
2yrB225) A2y 3t BAERFSYHT Dr. Drlica $244. Jit
K pBR322 W [ di 96 A W), JIOREXS 40 I ) e A0 Rk
CaCl, %, %M Cohen ZEUN[) 71304
1.1.2 g o &R, K w0 b e g 10 B
iR AT TR ARG 4 A IV I H TopoGen
AN FME. EtBr. NaOH DL IRFEIA H Sigma
YNGR
1.2 A
1.2.1 5ok DNA #5164 A Guerry 250311 U5
I e AR R R s R BB IR B B
1000 ml, 7E4°C 5000 g &> 10 min; FEAADIE N
10 mg W BIGTky, FHIBCEFRAR B TR AR
A R BORAIR s FE DN 25% JEE 4 -50 mmol/L Tris -
HCI (pH 8.0) -1 mmol/L EDTA, 30 ml, JBA))5 %
JCE 5 ming FEHIA 0.25 mol/L EDTA (pH 8.0) 2 ml
A1 10% SDS 4 ml, %5 )5 =i CE 5 min; #4510
A 5 mol/L NaCl A4 4 B i v 1 1¥) NaCl K &
A 1molL, F7T 4°CJHE 4 h 838 K. WA
4°C 3 000 r/min 250 30 min; 3 N A AR R 781
JKAT 60 wl 10 mg/L ] RNase A, 37°C{Rifi 1 h, fix
Ji AR Tris WA 235 e 2 s H 2 fisf4k
TR JE/K SEEDTTE SR DNA;  TE [H]3%.
1.2.2 DNA Ff it 1440 e i B 2. I Bk DM800
LA SD108 Hili$ (¥ 5ok DNA FE i, 43 54 F ¥
Al T e i LA S 4 e A g IV AT Ab B,
KB HEAE I 2 ph AR 5, Hrp e I8 23 D s
ATP FIAGS N ATP 1) 2 FPZ2 .
1.2.3 UKL DNA FF i (1) 35 5 B 8 I FL vk 20 #r. 1-D
HLUk % Sambrook FEK 7L T: AT 1%BE IE K
HUTAE Z2 P, 22 i vh 78 0 A TR 9 52 1) S0
(2mg/L, 5mg/L, 10 mgL). 2-D HiJki% Huang %50
AT s S — 2R MR Th AR N 3 mg/L S,
3 Viem HLPK 12 hy B8 R 2 PP R N 15 mg/L
&4, 2.5 V/iem HiJk 8 h.
1.2.4 7 BT A

4 0Ok DNA AE S AR 2] 3 mg/L, [ i
MgClL, i ¥ & 24 1 mmol/L. BN A Mg* [£] DNA
FEA 15 pl, 0 EPE SR = By b, SR
B 5 min. 100 wl 28 F/KIEVE 3 1, AR5 HAA
WX -+ 5 min. {ff H Nanoscope Il a Multimode-AFM
instrument (Digital Instruments) 7F %6 i 5 =0~ dE 4T
AL B AT A LR A2 106 kHz [ super-sharp

silicon tips (Silicon-MDT Ltd.). F1##i# 4 1~2 Hz.

DNA 731~ & 1 90 = 487 H] %K £ Tmaged Verl.
33u (Wayne Rasband, National Institute of Health,
USA); 56 8 BL R iy &2 1000 62 WA FH DR 1~ 0 e ik B
H a4l B A

2 FR54E

2.1 B4 pBR322 DNA 540 RTNFHIEEHE X

N T HEBRB AR ORI St B S, AR
SR H Bt 1) Guerry 24l 2 K W #F 'R DM4100.
DMB800 LL & SD108 %47 ¥ ikl pBR322. 1-D I/l
5 e v Uk I 45 L s, Gk BB PR DMB00 LA K&
SD108 ¥4 R EE4E pBR322 DNA [IAELE(K 1-1.
2), T EF ARk DM4100 1 AN 35 46 8 % 42 pBR322
DNA (] 1-3). Bk a0 a. pBR322 76 By A bk AN
BETE B EEEE 4544 ; b, HT DM800 LA f& SD108 4y
WA H I R T BB AR EY AR, BT DL AR
pBR322 DNA HJJE 8 1% 5 ¥ b ekl 1 6% c.
DM800 LA & SD108 #Ri 7 gyrB225 584%, [A Ut
4 pBR322 DNA R 1LY 1% 55 e i 1 1) S8 A8 A7
5. T Fk DM800 LA A2 SD108 H [f) gyrB225 SRAFAE
0 L P PR e A S O R B, I B I R B E S | N A7
RBURATE I RE ) NI, X T RS AESE DNA JE )
T EAA.

SuC——*

Fig. 1 Chloroquine agarose gel electrophoresis of pBR322
DNA samples

Chloroquine was added in the buffer to the concentration of 2 mg/L (a),

5 mg/L (b), 10 mg/L (c). I: Plasmid DNA isolated from DM800; 2:

Plasmid DNA isolated from SD108; 3: Plasmid DNA isolated from

DM4100. OC: Open circular DNA; SC: Supercoiled DNA; SuC:

Supercondensed DNA.

2.2 KM HEFINFHEEXT B 5 E pBR322 DNA
BI1ER
ARG 5 B FE DM800 LL & SD108 Hf i i)
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JFURE DNA FE 52 G a4 e ke i 1 e il LA
FAR AN ERIEEIV AT AR B, R 2-D S B B b
J8 g HL VAR I A B 5 S (1] 2). VKRS R R
DMB800 LA J& SD108 H il [ i ki DNA X 3 Fi#h
Fh e KL B IR  N AR TR IR, 0 SR T (1] 2-2,
7) ] LU 5t 4 3 R M2 i DNA {E G B e AE 45 M
ER. fE5 47 ATP AR (8] 2-3, 8), Tkl )
DURS S Nt 3 2 2 e DNA 0 GBI e i, (e
X B AHAER s TEATS ATP Bk &R
(Bl 2-4, 9), T % B o] LLRS ok B A0 38 2 RS 0 e

2nd-D

Fig. 2 2-D agarose gel electrophoresis of the effect of
E. coli topoisomerases on the supercondensed pBR322 DNA
The plasmid DNA samples isolated from DMS800 (a) and SD108 (b)
were treated with topoisomerase | , gyrase and topoisomerase IV
respectively. I, 6: Control; 2, 7: Topoisomerase 1 ; 3, 8: Gyrase (with
ATP); 4, 9: Gyrase (without ATP); 5, 10: Topoisomerase IV. SuC:
Supercondensed DNA.

600 nm

DNA %) 5708 W g i 155 AL [ 0 7 58 42 &5 g V2 A A
FH. R, b e K 8 IV AN AN TT DK 57 T R i
DNA 584145, 1) HAR K BE4E DNA 56444 i,
X R, R DNA 3% 58 12 i DNA
TEAN N T BLUE AR, 3X— 2T R A% DNA
BB GE R I)E ) 27 3 SO AR 1 ).

PO S R IV [ B A7 7 it 1 2 T A 7 R
WERIRE ST, T H A b MR T (1 e 0 22 v TR it
FURBBRTE T BE 1, ARSI 25 SRS, $hH4h i
ity IV 7T LUK 48 %55 DNA 584 kAot X — 36 F
T b SC A TR G B LR R I AR T BT e A
AR DNA TV I 32 22 Js DR (R0 R BLARAE AR A1 5
565 v JE 7 I A BE T B TORL DNAFE i o 11 768 vt 4
DNA, fH&H I fig 2 th T8 5EEAE DNA AR T35 8
IS E DNA KA T 450 LB KBk, i1 ies:
Bl ICV2R HAE A A,

2.3 #BiEEE pBR322 DNA RYZE#45ME R E X A
17 SRR B 4 ok B B

JEF 7 AT L i (1 1 25 3 72 6 DNA F
A A AR /N, AT AR G b i3 B 4R pBR322
DNA (1) 25 R 7 B HRT i A7) G0 PR AR A S

3 U2 iE DNA FIHE BESE DNA 724N L%
DU T AT 5 E B R E DNA 7681 ) 12
TeBE T RN ML 4544 (] 3a), Frfy DNA 731
RIS A A R R FE (R AR e s M EAE DNA

Fig. 3 AFM images of supercoiled pBR322 DNA and supercondensed pBR322 DNA
(a) Normal supercoiled DNA. (b) Normal supercoiled DNA with chloroquine. (¢) Supercondensed

DNA. (d) Supercondensed DNA with chloroquine.
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(&5 FPE )T ) BAse R b — (& 3c), 48K
Z % DNA 53105 5282 5th (1) FRAR AN A 0B e &5
¥, {H DNA XUHEAFI, {E5r 1N 2 A0 sl 45
(Kl 3c k), B4 7 W ALES 1T BeA ] g il
it T F WL R, 2 Mo FaEKE.
DL ROV 1o FE 55 2 40 B I 2 X ) (3R 1). 8
HEEE DNA 7 1IN 4 (963 £ 20) nm( & 4d), L

W1 R E DNA 4 1 I K (1 361 + 20) nm( &
4a) Ak T ¥ 30%, IX 0] g AR HLVK T vk Eh
JED) B AR DNA 431100 58 5 A g 5
(11.80 + 0.48) nm([& 4e)F1(1.20 + 0.19) nm(& 4f),
I LU A% 38 B 42 i€ DNA 73 1°(7.03 = 0.50) nm( %] 4b),
(0.74 = 0.08) nm( &l 4c)f3 T B A8 (£7 60%),
B BEAE DNA 2 7 I0O0UBE ELAR B K. X e 5 s

Table 1 Comparison of structure parameters between normal supercoiled DNA and supercondensed DNA

molecules
DNA samples Molecules Length/nm Width/nm Height/nm
Normal supercoiled DNA 45 1361+ 20 7.03+0.50 0.74+0.08
Supercondensed DNA 45 963+ 20 11.80+0.48 1.20+0.19
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Fig. 4 The histograms of AFM measurements of the dimensions of monomolecular DNA seen in Fig. 3

(a) The average length of supercoiled DNA. (b) The average width of supercoiled DNA. (c) The average height of supercoiled DNA.

(d) The average length of supercondensed DNA. (e) The average width of supercondensed DNA. (f) The average height of

supercondensed DNA.
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CAWES B 2 DNA M- SEARF, RIS A
1) DNA 851 S84k, vl T SR DNA 7>
TRUBEA AT BEAEIR T B 7 DNA )45 K4 1 1 eS80
T A 7 DNA HI45#).

LU P A IR DNA (cceDNA) S AR 7 1 [
I, B R R N AR R AR BE R A — AN A 57 R
JHE - Aoty - I R IBRE A AR (P FE0S. AR M,  1-D S
HLVK 2 SR W, 4SS pBR322DNA X ik A ik 71
U 1) S5 N 38 10 HE W i pBR322DNA AN ], S
WP 4 L RE T s HEEEAE pBR322DNA IR %
(B 1), BATTRI R T 7 08 A B W 5 S s i g £
pBR322DNA 75 [ &5 K52 . & 3b Bor, Bl
A 10 mg/L S0 135 0B e DNA 43 T I45 1),
b1 5 2 7] 4 0 U AN g 78 7 ik A\ B DNA 43
Hr, K45 DNA 2t IE, 1fi 54— 01
D)2 Tk AN T B 5 ) M e (5 1 TR A
RE). T W A TR U R S ) R AR
pBR322DNA J5 ¥ 5% G 1) 5 3 WU AH >4 4 ok (18
3d), FrA M TR TNIERR T 45, 1 H4gi%s
AR, ) R RS — 7 (K 3d
i Sk FT7R). 31X — s5 AT DAAA RS S0 (14 N RE B o ik
£5 pBR322DNA HLUKITF R W5 A, 2T & 3d 45
FIOAg—PE, T VI TR, AR
I3 N E] DNA 431 .

DL sEBe 45 R aT LS DU R L A4 8 a. i
#E4E pBR322 DNA (1 JE J 55 40 Hi P e % g vi% ) 1%
KA BEHE KGR b, @& pBR322 DNA 1] DL 3H
N SERIBRIV SE AR, UE B TR ()R Bt A 45 4 5
WEJE 25 AL A0 AR A S T LR ¢ HEESE pBR322
DNA 75 FSUE 45 7 BBl T~ A 7L DNA T A a2
B ! DNA; d. %W 1k A\ nl DU 8 & 45 pBR322
DNA 73 FWHT 45 9t — 0 IR 4. X5 A
BAVE L S PR AREB B AE DNA 2> TS50, LG
WU BEAE DNA R4 N AR AT R T 1%
S A,

SO R R B L 5Ly
5 ST B B
& % % W
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Studies on The Supercondensed pBR322 DNA
Isolated From Escherichia coli top A~ Mutant®

ZHANG Zhen-Feng, YU Jia, CAO Kou, HUANG Xi-Tai™
(Department of Biochemistry and Molecular Biology, College of Life Sciences, Nankai University, Tianjin 300071, China)

Abstract The supercondensed DNA, a special kind of topological structure of plasmid DNA, was firstly found in
E. coli SD108(topA* gyrB225). Now, this structure is also found in E. coli DM800(top A~ gyrB225). The result
indicates that the formation of supercondensed DNA is related with decrease of the activity of gyrase in vivo.
Topoisomerase IV was proved to relax the supercondensed DNA completely in vitro, which suggested that the
supercondensed DNA and the supercoiled DNA could transform to each other in cells. The supercondensed DNA
samples were analyzed by atomic force microscopy and compared to supercoiled DNA. The results showed that the
length of supercondensed DNA decreased about 30% and the width and height of double-strand increased about
60%, which indicates that the structure of double-strand of supercondensed DNA is much more similar to A-DNA
than B-DNA. The results also showed that chloroquine intercalation did not change the supercoiling level of
supercondensed DNA, but made it knot and compact.

Key words suercondensed DNA, E. coli DM800, atomic force microscope, topoisomerase [V

*This work was supported by a grant from The National Natural Science Foundation of China (39970014).
**Corresponding author . Tel/Fax: 86-22-23508874, E-mail: xitaihuang@hotmail.com
Received: July 31,2006  Accepted: August 29, 2006



