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CEHEXFERBEFREPEERSTEYER AR 100871}
CHEBEEMEYART AR RMAREEELERE JLFE  100080)

W FE:RF Q Sepharose B FXLEN MR E PIL B R HEFHIEWE R M E . 5u-
perdex 200 % B 31 48 F) Phenyl Superose Hi K 2 S4B MHMEAYHHAH EORMBET
FEAAET — 1 DNA MIERS., HEIEM R AT DNA M5/ ATP B§E ¥, R 1B SDS-PAGE W
EHR, BN THERAN KD, ZEHAE DNA BRER T L& F)E Y £ 70bp i 4%
R EMESHEG TR ENRES T, BRERWFEKET MZ B ATP MW KE &
NaCl ¥ E#d 200mmol/L BF B MH, MM BE pH M 6.7, EEAE 40T ~0CZAHE
EHEOCHEMARE., ZAKATE DNABERENTEDPI>EEIIMNE M RL DNA
R

XD MBBALE, TEBALHE, DNA BIEN

FESH#EB Q55 AR A LIRS :0001-6209 (2001) 03-0340-08

DNA % ¥ 88 (helicase ) BESE I FH K 8% ATP fRiIFHIBEEITFF DNA N E# AE . A H
AR, TLEEDNANEN EAAEESIBFTREEZEEMN. BERfEE2NFEEAR
BAEYURBERSEAT 60 2% DNA B . X+ B=fAERXY &+ H
REAWMBEAMSEH LSMBE MM, BEBEELNMERN DNA EH HEFHEE)
FHASEZEEYEREEDY, B, BFR S DNA $#IEB R0 T T DNA IR iE
HARNERET,.MEM T EE A S Y DNAFBREADULH A4 & X . B.Stillman 0 J.
Hurwitz B S E BT E R R B Tﬁ'ﬁ Methanobacterium thermoautotrophicum P A4 4 ¥
Yy £, 1k 28 £% (minichromosome maintenance, MCM) & H ) — M R Y M 4L A B3
REABEMWMEE,BAITIE MCM EH 5 KH T ATP i) DNA FHERS. R ERK
E MR A 2 H AL 0T B ( Sulfolbus shibatee )W BE A KIBE R 80C, B pHEHN 3. 5RHE
MmN E -, THRAMTENR_REE DNAFIADEUR B EZE EHIBERRREEE
B, XA F A BB DNA bR AN FE Sl B 0 R K & 0 A
—B %t F DNA RREHE A A, FHL, TR E HMATEH DNA BB EEBT
INHAR S B 3 DNA FH S BT DNA WEH TR L LY B0 T HLH MMk
BN, ERERRAP BOAZHARAETEPSBAAETE T XAETE DNA FIEM,
XM T B R

" EF B AR SN & P ENT H (39970009 1 39925001)

EREE
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1 Aoy &
1.1 E#

¥ ML oF B ( Sulfolobus shibatae ATCC 51178)M H American Type Culture Collection,
1.2 Bosre . smaEEiln

Q Sepharose , Superdex 200 1 phenyl Superose # B Pharmacia, if & BB M 8 Sigma, 8%
MK P11 7 Whatman P=én , T4 ZRZ TR W B Promega, B 2 W k47 4 ¥ (PED
¥ B Macherey-Nagel, [v*PIATP W HIL i EHAYEHFHFRAF , KA FXAHNLIE
7= A AR Al
1.3 EHWMAEHBEIER

KA Brock S AT HIEMIERE, FWEK0.2%) RERERY(0.1%),75CTFE
5L Bioflo A B2 (NBS) FHFLEF T Ay =1.20
14 #®

M13mpl9 ssDNA R FSCER (O] P rEdis. ATHEDNA BREBEYMERER
BMELBAE TAEM ITRBRAMAFT TN, FF T :oligo 1, 100mer, 5'-T,; GCCAGTGAAT-
TCGAGCTCGGTACCCCGGGATCCTCTAGAGTCGACCTGCAGCCATGCAAGCTTGGCGTAAT, -3,
He B H B 16 ~ 85 5 MI13mpl9 ( + strand) DNA H #b, oligo 2, 70mer, 5’ -GCCAGTGAAT-
TCGAGCTCGGTACCCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGOGTAA-Y, §
M13mp19( + strand ) DNA E #,

1.5 DNA EEBIEM A H &

DNA # BERs (R W SORVP FRib M E R B B 5 MI13mpl9 ssDNA B K 1M1 2 B #4155
5% DNA, ERAFINFHHENLT  ERAE olige 1{100mer) XY . A T4 EREHE
MBS A1 [ v-"PIATP 4712 10pmol EREEHM, B L 2 MK ER KB A K [v-2P]ATP
¥ lpmol 47 ic 2 3 # 7 8% AT 3pmol M13mp19 ssDNA B & T 20pL 20mmel/L Tris-HCl (pH
7.5) \10mmol/L. MgCl, 1 100mmol/L NaQ IFHH MAEZE ST, REBREBHRHETER,

1.6 MEBBENONUE

i A K A ER 4> TUEE DNA JE ¥ 8 T M7 P #7310 B0 25 28 8 17 B2 36 i 47 DNA #% 56 A
HHEAE. RAESE(Q0uL)F % 20mmol/L Trs-HCI, pH8.2(Z iR ) ,3mmol/L ATP, 8mmol/
L DTT, 10mmol/L MgCl, , 150mmel/L NaCl, 10% H i, 200pg/mL BSA , 10fmol™ P R i€ # oligo 1
R25 MI3mpl9 ssDNA IR XK TR KW AFUMES ., EFEHMNEHFERT, KEE
T0°CF £ # 30min, #RJ5HIA Spl 50mmol/L. EDTA .30% H 8 .0.25% B lE 1 1% SDS %
RN, AR RSB EKMKERATEEHTAERMY, BKEMRN
89mmol/L Tris/borate .2mmol/L. EDTA. K5 , R A FRM TR, X X XA 8Bx, I #fTE
B, BMEMA 1 EHAREXNELRENAG TR F 0 RIIEEETRIS
MR,

1.7 ATP B§EHEMAE
fE#i+ DNA #9 ATP B % ¥ W & 9 52 00 1R & ¥ (20pL) F & 20mmol/L Tris-HC, pH8.2
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342 i o I # # 41 ¥

(Z),0. 1mmol/L ATP,8mmol/L DTT, 5nmol/L[ r - *PJATP(5000Ci/mmol ) , 10mmol/I. MgCl,,
10% H 7 ,200ug/mL BSA,DNA M MFEL, RAE 65CT RIE 30min /7, R 1pL KRR
AW, EHEPEI B LETHEBEREN, ENTHKBE A 1mol/L H BR/0.5mol/L LiCl,
ATP 7K #% (9 7™ #3853 Phosphorlmager { Molecular Dynamics)# 7 E . ATP B/Y 1 TIEER
MEXREFRRRKKMA FKHE lomol ATP TR R

1.8 HfpFH*
& O ERECH (1117 %W 5 ,SDS-PACE 2 XK [ 121347, B R B S X[ 13 ],
2 &R

2.1 ZHEHLHE DNA RiEBR) A4

SEXEM14IMHE N 20 ZHRAM BEREE T HIT 6omL =B A RM L
¥, b 2 v A(50mmel/L Tris-HC1, pH7.8,0. 1mmol/L EDTA,0. 1mmol/L. DTT,10% H
H)EN,BBES I DB B A FTH Q Sepharose +E (ALK& 50mL) , A4 1 £,
F3 150mL & rF i A ¥E4EJS ,300mL KCl 86 B (0 ~ Imol/L) BE B, 3 BR UL SR . BB LR
M OEAEBEMIEYEMEDE 0.4mol/L KCI AL WA T2k, &3 & DNA BIER N H o,
BRES T, HA UM BE A BN UBPHRA FEBRBTEER PLL (AN
25mL) M BN IS MAEST T B4, A 100mL 2 W& A 34, 170mL KCl 3 8 (0 ~ 1mol/L) ¥
B, S8R 4E . DNA MEHEBEFE 0.35mol/L KC1 23kt . A& DNA RBEMHA SR, B D
HAY I, Sy M Eopik A BT, AEFE A FEREREEE(EEBY SnL), #
BATIS O 4 T B AE, L SomL B b A PeAE, 50mL KCl 86 B (0 ~ 1mol/L) Pk it , 43 36 M
# . DNA R IEREAE 0. 4mol/L KCL AL BB . & 05 DNA fRREREAVEH 7 BB IV, M A
Amicon B0 BB ZEE KA > IV IREE E 250ul. FZE MM A + 0.2mol/L KCl F 4 Super-
dex 200 4+ 79, MEE WAL IV B, RBERR 9~ 10mL W4H 5 & F DNA #E
M, SIXEMS,BRHS V., A4V AE MK B(SOmmol/L Tris-HCl,pH7,8,0. Immol/L
EDTA,0Q. lmmol/T. DTT,10% H i, 1.5mol/L{NH),50,) & 4. FIZE W B ¥4 phenyl Su-
perose Kk (RE A B h 1ml), W ENH B AU 55 v L8, L SmL Z ¥ B 3t 4, 2ml
~ (NH,);S0, BE (1.5~ 0mol/L) 1 , 53 3 IR £ . DNA #% g B¥ £ 0.05mol/L(NH, ), 80, 4%
B(E1), A& DNABREMH T BHHAS VI, 185 TE M4, K2 % DNA
fRNEME it & 4 489 SDS-PAGE i, d 4 VIEH S THE N 63kD W8 — £
# o
2.2 ZHAGLHME DNA BEBUEEESNREEER

5 4L ot B DNA B HER TS MK T ATP B9 /K R . JC ATP i ,DNA EIEBE X5
P ATP BV E N mmol/L 6, BEAVIEMEE ; R ATP ¥ E X BEMIE A M & fEH (H
3-A), EERYIEHEFIREBT Mg o Smmol/L EDTA 77 L 52 4 40 i 88 4 75 1 s MgClL, ¥ E N
20mmol/L AT, B 1% ¥ 8 6 ; MgCl, ¥ FE 3% 60mmol/L Bt , B§{R R E B4 59 MiE (1 3-B),
NaCl B9 ¥ BE 0 ~ 200mmol/L 75 FE Py B , B LA 8 6L B9 3& £ , 8 AY NaCl 3 & (700mmol/L) =
B RS IE (B 3-C), TERT pHEHK Tris-HCl BrhRF R EMAEH RN, BB E
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pH7.5~9.2 B BOR (1% 4 , JiE pH 1E 0 8.2(E 3-D) . H R Tris 2 1 # I8 B XL,
EREBETH pHELEETH pH EMKS 1.5, A, HIEBELTHELAGTELER
B, BEpHEN6.7,

L B R e

10 11 12 13

5 6.7 8 910112

B 1 2 HEBiiH # DNA BIEBETE phenyl Superose ¥ _F BB K Z T
Fig.1 Hydrophobie interaction chromatography of an S. shibatae DNA helicase sample (Fraction V)
A. Analysis of the DNA helicase activity in fractions:1, Untreated substrate;2, Loading sample;
3~ 11, Fractions 16 ~ 24, respectively; 12, Heat-denatured substrate; B . SDS-PAGE analysis of the phenyl
Superose fractions: 1, Molecular weight standards ;2 , Loading sample;3 ~ 13, Fraction 14 ~ 24, respectively.

®£1 THEHALME DNA BEMSMAL
Table 1  Purification of S. shibatae DNA helicase

S Total protein  Total activity Specific activity®
ep
U

/mg HU mg™*)
Crude extract 27.57 b b
Q Sepharose 8.03 1128.0 140.5
Phesphocellulose 1.24 476.8 384.5
Heparin agarose 0.32 150.0 468.8
Superdex 200° 0.01 26.3 2630.0
Phenyl Superose®  0.001 8.6 8600.0

* Since nucleases interfered with the DNA helicase assay
during the early stages of purification, DNA-stimulated ATPase 2 FHEHMAME DNA SEMaAd TR S

activity was used to determine the total activity and specific activ- B A B FF18 40 4 B SDS-PAGE B %
ity of each sample. : Fig.2 SDS-PAGE analysis of samples taken at
b . . .
DNA-stimulated ATPase activity could not be determined various stages during the purification of
at this stage because of the presence of other ATP-hydrolyzing the S. shibatae DNA helicase
’ 1,Cell extract;2,Q Sepharose peak fractions;3, Phosphocellu-

® Protein concentrations were estimated by comparing the
staining intensities of known amounts of bovine serum albumin
and the DNA helicase samples on silver-stained gels, assuming
similar staining efficiencies for the two proteins.

2.3 BENZETLM ES DNA S ERNE R
ZTHHLHHE DNA BRMEZR T XLBAEH,70CH & AT g2 & XE (B
4), EREREOCHMRAGE Y., Bh THHEY A S REF T, BT LIEEE

lose P11 peak fractions;4, Heparin agarose peak fractions:
5, Superdex 200 pesk fractions ;6 , Phenyl superose
fractions; 7 , Molecular weight standards,
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EHEHER, BEMNEZBESNEWSZHRAHEMNBRERKZHNENER -
#o

60
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B 2
E 2%
g E
S S 20
10
u 1 1 1 1 0 L L L 1 i
0 4 8 12 16 20 0o . 10 20 30 10 50 (]
C{ATP) / (mmol /L) CMg* Y (mmol /L)
50 45
45 4
40 40
3% r
H §u !
2% k.
E 20 E30r
L 3
10 r 5T
5 i 1 'l 'l A1
0 L 1 1 1 1 L 1 1 20
0 100 200 300 400 500 600 700 8OO 900 7.0 7.5 8.0 8.5 9.0 9.5
C{NaC1)/ (amol /L) o

A3 ATP.Mg'" \NaCl ¥ ¥ LA B pH X = HE /LM 8§ DNA BIEME W
Fig.3 Effects of ATP,Mg’* ,NaCl concentrations and pH on the activity of the S . shib DNA heli

Unwinding/%

80

B4 BBENMZHF/AHE DNAFREENER
Fig.4 Effect of temperature on the activity of the S. shibatae DNA helicase
A. Analysis of the 5. shibatae DNA helicase activity at various temperatures: 1, Substrate control {(70°C ) ;
2, Substrate control (80°C);3,20%C;4,40°C;5,50°C ;6,607C ;7,70°C ;8,80C 59, Heat denatured substrate;
Since samples were loaded at different times, released oligonucleotide migrated to different positions;
B. Quantification of the results in Fig.4-A.
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2.4 ZHFAHE DNA BERNKYIS S

ZP #7104 Oligo 2 5 M13mp19 ssDNA B Kk J 5 9 &8 4> W4k DNA &4 60 T #h Wik K 19
RRAGFEREHWEE(E 5-B), DNA BEMAEXHENEY EOHEBRME, AHYT
FEE 5-A FT7R oligo 1/M13mpl9 JEHY EMIE RN — 42— (B 6), F 0 Z B M 1% MK #
TDONABHAN, XFHPEESXELW LS DNA E B 6 R A E # XA,

A 100mer 1 2 3 4 5 6
M13mp19ss DNA
B 70mer

Sv/_\ 3

A6 ZMB{LE DNABREMIARA L
FREHHRV(EY AMREERSX
KR (EY B) K 8IS
Fig.6 Unwinding of a substrate without or with single-
stranded tails (substrate A and B,respectively) by
the S. shibatae DNA helicase
1,Substrate A control;2, Unwinding of substrate A3, Heat
denatured substrate A ;4,Substrate B control; 5, Unwinding

M13mpi9ss DNA

BS5 < DNAMEBEENEY

Fig.5 Substrates used in DNA helicase assay of substrate B ;6, Heat denatured substrate B,

M13mp 19ss DNA/(pg/mL) pUCI9dsDNA/(pg/mL)
£ =} - . B vy

0.65
0.60

7
5

£ 0.075-
0.75

3 0.55}
.7% 0.50¢
'.E 0.45F
E 0.40F
= pasp  [——Mi3p19 ssDNA —e—piC1o dstra |

0.30

B

0 0055 075 1.5 75
DNA/(pg/ mL)

7 ZHBM B DNA # JE8E A9 DNA ¥ 75 /9 ATP B85
Fig.7 DNA-stimulated ATPase activity of the S. shibatae DNA helicase
A. Analysis of the DNA-stimulated ATPase activity of the §. shibatae DNA helicase;B. Effect of

DNA concentration on the ATPase activity of the §.shibatae DNA helicase .
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2.5 DNA ¥iE80 ATP Bgi5

AR E K BGEMIGE DNA FFEMNER T S48 DNA FHER 19 ATP M54
ER BRBIEEN ATP B35 & A K #i T DNA, B DNA X 8 §EBG 0 ATP BE/E 1t A H ¥
fERI(E 7-A), ATPEIEEMNZEMT(E 7-B)Bx, Tt 255 7F 23 DNA, 24 DNA
HEBEDH 0.75pg/ml it ATP BE TG HE B o PEE DNA WRIE M3t —$ 00 (7.5 ~ 75ug/mL),
ATP B (35 vk 52 e i .

3 it

BRI, AXHWEMY AL # DNA RIEBRES VIEDBALHBiEEKE
B i) DNA #7 e s>l ZHMEREIMEMN . BELEREEEZHIAY M. thermoau-
totrophicum B MCM 2 {9 " ' BB R B, Bm, MEERB FREEXEEH HEY. 5%
WG M AR 5 73 7, P A B ATP B IS MRS F DNA BB A AR

AR R A X L8 DNA BIEBEM ATP B IEHER KB F L8 T DNA M
P HAIRE N DNA BIEREER T DNA B TR A BB ATP BiER, X542
BT THRIFRAEM,

KEBRM E. coli P EBEN DNA BEBELAANEEDRELFLS MES
EWHRFLHILA DNA MR EBINEE AV, AXHEN DNA BEBBER
MEFEUERXMEH EMEATHELES S DNA EH0BES. BR . RITEEY
ZMREEEE - FHR.
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PURIFICATION AND CHARACTERIZATION OF A DNA HELICASE FROM
THE HYPERTHERMOPHILIC ARCHAEON SULFOLOBUS SHIBATAE

Li Fang' Hao Fuying' Huang L
(! Department of Biochemistry and Molecular Biology , College of Life Sciences , Peking Universicy , Beijing 100871, China )
(* State Key Laboratory of Microbial Resource , fnstitute of Microbilogy , Chinese Academy of Sciences , Beliing 100080, China }

Abstract: A DNA helicase from the hyperthermophilic archaeon Sulfolobus shibatae has been puri-
fied to homogeneity by column chromatography on (@ Segharose, phosphocellulose P11, heparin agar-
ose , Superdex 200 and phenyl Superose.The purified enzyme shows DNA-stimulated ATPase activi-
ty . The molecular mass of the enzyme is ~ 63kD.The S. shibatae DNA helcase is capable of un-
winding 2 70bp duplex DNA flanked by unpaired single-siranded 1ails at beth ends. The helicase ac-
tivity requires Mg"* and hydrolysis of ATP,and is inhibited by NaCl at concentrations greater than
200mmol/L. It has an optimal pH of 6.7. The enzyme is active at temperatures between 40 and
80°C , and the activity peaks at 70°C . The S. shibatae DNA helicase is the first native DNA helicase
to be isolated from archaea.

Key words: Hyperthermophilic archaea, Sulfolobus shibatae , DNA Helicase
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% ZH O H
% BT KEE HEELZERM(MEDERINORXRLNITF, FTEMLK
EFRATE, @R ERIREBZHR, AR A 2000 41 BH 1 HAHH
BYRUAH. BH# 128 @, £BEKKOH . AHAEIREENHNES
AHEAMECEE. 2RAMEE AFFEAL . EANRBRREMEY 2R
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