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5 DNA [ AH AR P A 15 TR A BE 5T
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pET28a( & 47 His b5 25, BE Il B | o P 1l 1l D062 50
FIREE R YUk ) X th A S 3 R A7

L1.2 F 8l 525 Br 1l Tag DNA 5 & i
dNTPs \DNA 345 il b i A T AR ) TR 20 W
7 it s JORE 32 JOU5R) & BR ) 14 P DI L T4 DNA %
FElh Promega 24 W] 7™ il s PCR 7™y 4l Ak 1050 &
QIAGEN 4= j=; Core Footprinting System , Gel Shift
Assay Systems, )}y Promega 2\ 5 7= M o

1.2 H-NS EEHMIRERIE

1.2.1 RkGI¥it S PCR ¥ 1 HIAE W 27 B
Array Designer 3, #5 pET28a J5i i i il VI v s K R
FETE 201 BRI hns B K ¥ 91, Beit i 973G hns ORF
B 51 9 %F hns-p-F/hns-p-R (43 547 BamHI 1 Sall i
PIL R, W3R 1), JF DL BUEE TR 201 Ak 10 ik D 20 S A2
M4 14 BURE B hns () ORF X, ¥ 36 2 B 95°C
5 min;94°C 40 s,56°C 50 s,72°C 50 s,3: 30 MFEH;
72°C 5 min,

1.2.2 PCR =¥ F0 5O ) 1l U155 3 4 < 1T BORE 42 1R
WG & $R I pET28a UKL, 733 ] Bam HI Fl Sall X}
pET28a FI4liAL )5 ) PCR 7 ¥y 47 XUV . il D) 14
ZUF: H A DNA H Bt 10 wL (%) 100 ng/pl),

BamHI 1 Sall £ 1 pL,100 x /4= I 3% & 19 ( BSA)
0.2 pL,10 x ZZ Ml 2 wL, &M 2 8 17K 2= SR
20 plL, REEYIH)H PCR 79y a4k 1250 & ik,

fitt ) J5 1) pET28a 5 PCR =49, #%& K 51 (K & i
F1i%4% . PCR U1 7 ) F1 pET28a i U] 7~ 145 1 plL
(100 ng) ,DNA #3505 1 wL,10 x E B PR 1 pl,
AN B FOK = SRR 10 pL,4°C E#) (4
12 h),
1.2.3 404k B 90 L BL21 857 2 41
BIMA 10 pL & H# K & H, 7K 30 min J5 T 42°C
P 90 s, VKA 3 min, Sl A 500 WL 3% 58 ¥ 25
LB ¥ 3% 5 ,37°C ,200 v/mindZ K B FE 405 1 h, B
100 WL WA F & RAREE 2 0 N7 85 92 2 (LB) F-
137 C E R 5 2 B v R
1.2.4  EA v B %0 BRICE 41 50 T 250 pl
BOE T, A 50 L T A B T /K, 100°C 1E H
10 min, BL.OFFEILE, B WK FIEER AR, DL hns-p-
F/hns-p-R RGP (519 W3 1) ,PCR 3% ( %k
) 1) %5 5, BHE 5 B T LK /INZ) R 399 bp [ 455 .
1.2.5 HE A His-H-NS #9335 %% PCR %% [H
PR FORE I b 3 7S A AR R R 1 A R 2 )
¥, P 5190 pET28a @ H 519 (T,/T, W3R 1) 4%
Sl B IC 278 1 BH Mk v B 2 A MEAS LB B R
3TCH FEEX BRI, A IPTG (¥ £ 1 mmol/L)
Ji 37°C ,200 r/mindf 35,5 KK 5 h 5, AR H K
PEAT A TR B 2 LT AN UTYE 9 SDS-PAGE HL K, %
SELE T AT H-NS By KR oL . PR SR 7 I
THMPCTE 80T W S KR R AR o

#1 H-NSEHFR%AHPCR3Y

Table 1  PCR primers for expression of H-NS
Restricti
Primer Sequence (5'—3") Amm( tion
site
hns-P-F GCGGGATCCATGAGCGAAGCGTTAAAAAT  BamHI
hns-P-R~ GCGGTCGACTTACAACAGGAAGTCATCCAG Sall
T7 TAATACGACTCACTATAGGG -
T7t GCTAGTTATTGCTCAGCGG -
1.2.6 His-H-NS fyalift . 76 5 mL LB 3% 2

208 H 0 FH M SE RE L H2 A 300 mL 8 e LB
Wz ,37°C ,200 o/ mindf 57 2 60 B ), A 24k
JE1 mmol/LiY IPTG 5 F 8 I K ik, W H K, &
7 2 A, 10000 x g . 4°C & 0> 30 min B K E
W,k BV 218 1 2 Ni-NTA 3% F, 4> %1 F pHS. 0
i) wash buffer A F1 B ( IBf e ¢ 3 43 51 5% 20 mmol/ LA
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40 mmol/L) ¥ JE ¥ % 2% & A, & J5 Al pH8.0 1Y
Elution Buffer ( & 250 mmol/L kM) yt F H iy &
F1o H-NS 235 #r Wk 45 J5 , % 5h 43 06 ot B2 3t
260 nm Al 280 nm fy I SE(E , RIS Hh H 8 H A9 AR
(=0Dy, x1.44 — 0OD,,, x0.74) , 10 J5 43 %% - 60°C
fiftfF o WX 20 wL Zifb )5 197 ¥y 47 SDS-PAGE Hi ik
I3 o

x2 DNAZEFEMSWTASIY
Table 2 Primers for the DNA-binding activity assays

Target Primers (forward/reverse, 5'—3")

EMSA

rovA  CGTTCGTTACTCTGCCCATC/TGTGATTGCTCTGGTGGTAAAC
psaA  AAAGCGTCAAATAGCATTGGG/ CAGCGATCATTAGTGTGGTAAC
psak CCTGTTTGTCCTGCTGATCC/GACTCATTTGCCCTCACCTC

DNase 1 footprinting

rovA  TGCTCCCGACGCTAAGTG/TAGAAAATTTGTTCCCCTCGAC

psaA TATGATGACGCTGTTAGTGGTG/ CAGCGATCATTAGTGTGGTAAC
psaE. GAATCATCGGCGCTTGTCAG/ CAGCAGCACCTCATTCTTGG

1.3  His-H-NS &4 5 #7

1.3.1 EMSA 524 . PCR ¥ 3% H-NS # 3% [ psad |
psakl F1 rovA (T 519 UL 3% 2) (93 3 1 X 3T X5 72 4
afiflnile, H T4 2 RAZT BRI (T4-PNK) X} DNA
A OBt oK w47 ([ -7 P ] ATP 5000 Ci/mmol,
10 mCi/mL) #ric. bric k& [y-"PTATP 1 plL,
T4-PNK 1 pL,10 x T4-PNK buffer 1pL, 8 3t { DNA
300 - 500 ng, #MINJE T 2 8 F7K 2SR BI0 L, 37°C
YE10 min, M/F A 1 pL 0.5 mol/L EDTA £ |} J.
Mo ARic B9 DNA FIUAR 8] ¥k BE (% His-H-NS 2 [ 78
10 pL&s& RN AR R [ 456 2 il 42 & 1 mmol/L
MgCl,, 0.5 mmol/L  EDTA, 0.5 mmol/L DTT,
50 mmol/L NaCl, 10 mmol/L, Tris-HCl (pH 7.5) K&
0. 05 mg/mL poly-(dI-dC) ], JRAEH20 min)5 , ¥ £
a A 4% A A8 R BTN A T e R R i AT K,
— 60°C T 5 F1 S5 1T LA B F B AT

1.3.2  DNasel /il 500 . S FE A ME R B s FX H
ff) DNA FBEi el T e 519 (3 2), [ y-"P]
ATP (5000 Ci/mmol, 10 mCi/mL) ¥ 17 k5 ic, #7 i 14
ZH:[y-"PJATP 3 uL, T4-PNK 1 pL,10 x T4-PNK
buffer 1 wL,10 wmol/LE[ 41 L, #Min J6 186 2 8 F /K
F MAAFI0 wL,37°C % B30 min,70°C 5 min# [} K
Vo T fE DA B T 201 BRI 2H DNA b, b
IC A5 IR AR R A bR AC 1Y BC X 51 #1317 PCR 473,
PCR ¥ RIS , PIAE A 38 S50 R T o 4T FLAS

[l BB H-NS S 7SS SR R (4 & S il T &
o5 EMSA AR ) rh L [R] 5 i 30 min J5, H]
3 R 1) DNaselTH A 38 4 1 IRF[R] (30 - 60 ) , T4k
FEY BT P 45 H [ fmol®  DNA Cycle Sequencing
System (Promega) |47 4% 5 P4 4 Bk i 2% 4 5 e W
Uk, 28 —60°C [ 5 AT WL MR G KL A

2 HERFAT

2.1 BEHEH-NS EAmRE

2.1.1 hns JEH ORF (997319 . LU RRUBE 1 201 3[R 4
N K 5] ¥ % hns-p-F/hns-p-R ¥ 88 1 K /b Ky
399 bpf H W Bt 1% B b s Ik 25 R an el 1-A
2.1.2  PAPETCRERY % E ot PCR %5, RT3k 75
AR A 3 E 7 T O S S N N |
H—%, WE 1-B iR,

bp
2000—
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Bl 1 hns-PCR =#)(A)fNEHTE PCR £7E (B) 1IR
B 4% 158 Bt LK B

Fig.1  Electrophoresis of the PCR ampilcons of hns from the Y.
pestis genomic DNA (A) and from the recombinant plasmid DNA
(B) . M:DNA molecular weight standard; 1:PCR product.

2.1.3  HRYEERRIBEE ¥ IEwH R B v B
WK PEAT 8 R 0K o 45 SRR TR L0 AN DL E P 2
A H-NS %3k HRIK W His-H-NS 8 H 70 18 K/h

1 2 M 3 4 M kDa
kDa — 5o
—34 W 3
—26 S — 26
- —17
- —17
-
& - —
| — B

El 2 His-H-NS ZEAWRIE(A) 545 (B)# 12%SDS-
PAGE E ik [E

Fig.2 SDS-PAGE analysis of the cell lysates (A) and of the purified
His-H-NS (B). M:Protein molecular weight standard ; Supernatant (1),
pellet (2) and whole (3) of cell lysates; 4 ; Purified His-H-NS.
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S EM—%K(E2-A).

2.1.4 H-NS &A1 4lifb 4 5 404 06 06 Bl 45

it A7 His-H-NS 25 11 19 ¥k B2 29 #0. 2 mg/mL, %

Wik 45 J5 19 His-H-NS 75 (1 3#£47 SDS-PAGE Hiyk ( &

2-B), HERTTUARHBIIFEAMER, 5

F/NMBIEH o

2.2 H-NS #§ DNA Z&&E S

2.2.1 EMSA 5255 . EMSA SCU6 45 B ani&l 3 firs , 52

WA N AN, g R T LU i % His-H-

NS & [ 4 BE (9 38 i1 psaA  psaE F1 rovA # H 38A [7]

T2 RE Y BELTRE AT, T JH A 3 PR X B 16S DNA Kt B
AP, GRS a0 25 ROE v 51 . AR DNA 5 Be it 31

Aib T R — 7K P 2 b 1 BEL Y A% A L, R [ Y His-
H-NS 5 psad EZﬁJ?E DNA 45 & iy BL# 2 A
FE[A]— 7K b, 33X 7] BE 2 P R B AR & v H-NS AH
T psaA ¥REF A JE & HY, His-H-NS DA [6] B 5 8
WL K45 G ) psad J5 37X |, 55 DNA-H-NS &
BT RERANRERS, M RBITLES, Y
A RARICTE Fr 1 DNA (Cold probe, [ H125 57 L
8) J5 , His-H-NS S 5 % 84 45 & 0 A B 1 45 & %
B, 3 R BH A 8 23 T % 8Om0 A 16S DNA
(Negative probe, [&] 155 “ C17 fL38 ) I 5L 3% A I %K
W B R F1 30 )R 2 1 ( Un-related protein, [& /7 55
“C2"FLI) W R AESE 2 B DNA b, A4 S 45

RHL 7 7 B BT 5 2L H-NS 8 2 AN A, 13X 38 B H-NS FW] H-NS T 5 X 3 MRS 3 T X 456 24
XTHE DNA (55 2 M N2 F o 5 psak 1 rovA SR
__..-_ ____.-_ __...-_
304 5 ClQ2 1 4 5cCl 5 Cl 2
- 9

psak(-563--:+93)

R
. 4 . susimce -

rovE(-T41-+++146)

Al M

psaA(-491---+65)

e — 0 2 4 6 6 6 0 | His-H-NS(pmol)
0 0 0 0 2 0 0 | Cold probe(pmol)
b2 3 4 5 Ccl@ 0 0 0 0 0 2 0 | Negative probe(pmol)
.. - - e 0 0 0 0 0 0 | 20 | Un-related protein(pmol)
Seoe 1 2 [ 3 4 | 5 [ c1 ]| c2fLane

16SDNA(+285++++475))

DNA-H-NS complex

Free target DNA

B 3 His-H-NS W EFKN EMSA I B EXER

Fig.3 EMSA assay of binding of His-H-NS to target DNA fragments. The positive and minus numbers in the brackets indicated the nucleotide sites

upstream and downstream of the translation start ( + 1), respectively. The radioactively labeled DNA fragment was incubated with increasing amounts of

the purified His-H-NS protein, and then subjected to 4% (w/v) polyacrylamide gel electrophoresis. The band of free DNA disappeared with increasing

amounts of His-H-NS protein, and a retarded DNA band with decreased mobility turned up, which presumably represented the DNA-H-NS complex.

Shown on the lower side was the schematic representation of the EMSA design.

2.2.2 DNase [ J& 5525 . EMSA 0] F F X 4 % (19
Ji Bl /3G 5 DI P A 2 25 0 R L TR S
() DNase T f& 3l 52 5% A] X 26 (145 & (0 7 5 X I fE
DNA JPFKF- FAE 1 50 A1 DR i 2 e 552 5 3%
113845 T H-NS X} 5% 14 psaA psaE Fl rovA 3 A 5
T XMEEFH, MK 4 iR 12347 JEHH
AR E a5 09 AN [6] 2 BB B2, 17 S R AT {2 1 1Y)
Z M PRI &G AT C7 L IRATAT DL B 4%
B2 H-NS 5 psaA psaE F rovA J3 8 X B 45 5 A
BRGSO SRR + 17 BN S E AN A
B EN T - 15 B - 191, —46 & - 230, - 532

F - 604 2 [H] By B3k e X B 3 A R O A%

o H coding S48 W AR 10 51 W IE X EESI W,
non-coding #8 #¢ #5171 ¥ /2 Jx L EE S 9 . H-NS Xt
DNA W 458545 G 0 B 1 4l 22 5, R W] H-NS L3

EIIEAXT DNA B4 5 B X —FHk .
3 it
FATTHI FH R T 17 B 2 38 38 G0 ) 2 ik I Ak

T RUER H-NS 8 H 8 7 7 B 5 B
WAE — B B & & 11 His-H-NS, B J5 i i 14 41
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coding
GATCI12 34

non-coding
]
GATCI12 34

-191

psaA(-258-+++58)

non-coding coding
]
GATC12 34

psak(-296+++-90)

non-coding
GATC12 34

]
GATC12 34

=575

-532

1
I AL R

|

rovA(-678:+:-458)

E4 His-H-NS 5853 T DNase | EE BN E RN ER

Fig.4 DNase I footprinting assay of binding of His-H-NS to target DNA fragments. The labeled DNA probes were incubated with increasing amounts of

purified His-H-NS (lanes 1, 2, 3 and 4 contained 0, 150, 200 and 300 ng, respectively) , and subjected to the DNase I footprinting assay. Lanes G,

A, T and C represented the Sanger sequencing reactions. The protected regions (vertical bars) were indicated on the right-hand side. The positive and

minus numbers in the brackets indicated the nucleotide sites upstream and downstream of the translation start ( + 1), respectively.

EMSA 5Z 46 Fi1 DNase [ J2 36 5255, FE B 7 His-H-NS
() DNA 25536 PE . EMSA 525525 L3R ] H-NS X i
JETR psaA . psak rovA ELAT #2045 406 M, 2 5 5
545 3] H-NS XL 2h 7 X AR5 G i s, X
Vh B 7E B8 T H-NS ] B 306 T 80 3L 1 ) ) 7
DX T A i L 4 8] 4 L 6 R 1) B o

W H H-NS X EA 5 iRt s & AT /) DNA
JPHNAT 3 55 H) o A 2 & FE E. coli proU J5 5
Frp & B — A 10bp ()88 3% ¥ 51 (5'-TCGATAAATT-
3') 5 His-H-NS JE Ay 85 i, SR 10 38 2 1 WF 98 & ]
H-NS Xt DNA J5 3 7 45 & JF A Fe e )y, B
25 4 X IR /AR A AT LAT0 bpE] 100 2 bp'” '

ABFE R E B H-NS G812 55 psaA | psaE J5 8l IX
(1) 100 2 bp TREEZS G, H A5G A0 0 AT o6 # =
T 70% (K 5) . X FIH A4 5 o H-NS /) DNA 25
B RERUAAT , H I AT DA H-NS 7E B2 B A
A H AT Sl i P S HLE, B H-NS 19 455 )7 51
AEALH A AT & 2019 DNA 51, KLY 31 R
FEml H-NS 3 3 2 o 455 b4 3ok AR B 2R A 3 32, B AR
FEZE R BH 1E RNA SR 45 i 04 SE fft, E 177 B IR T psad |
psak WHE %,

Bl B pHO it I S i A T 4 R AL N A By
psaEFABC 390 J 18 1) , 2 240 1A 09 s B I =2 —
ZAUR AR T 36°C, pH {HAR T 6.7 Y FREE

-191
psaA ------ XGGAACGAAACTGGAAACTGGTGTTTCGGGGAAAATAGGATTTATTTTCTCTATCTATAGGTCTGC
GACTGAGTTATTAATATAAATATATTGATTTACAATGTAGTTATATTTAATTGCCCAATATCACCACTAG
CATATTCTACGCTATGTCGTAATAGCAATTATTACATTTA.;A: ------ QTG
-15 +1
-23: 0
psaE """ GTGTTATAAAATCAGTCTCATTTTAATGAAATGCGAAAATAAAAGGCAGCTAATATTTTTTTGTTA
AATTATTAAGATAATAATCTTAATAAGACTTAATCTTGTGCTGGGTTGACTTTTGTTTAAATATTGTTTA
GCTTTTGTGTATAAAATTTTTCCAATTAAGACT CACTTATGGCTATTGQ ------ QTG
-46 +1
—624
rovA e CGAATTATTTAAGGTATATATTGTCTATAGCAATTATATTATTTGAATTAATTTACATCCATTAAT
TATATTG=*=-+ TTG
% 5
532 +1

E S5 His-H-NS WHEEEH FROLEAMERFT!

Fig.5 The His-H-NS-binding sites. The minus numbers indicated the nucleotide sites upstream of the translation start ( +1).
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meak . pHO HL L RE 5 A T BURE R B S
b Mz 40, 5 B B % AL R A e
RovA (B4 AR 8 1) A B 7E 1R 2 40 5 bt )2 — A4
AR ETE IR T 18 26°C 5 T BT RovA I
7 RENS B #2045 pH6 $T 5 1Y R 3K T & 4 8 1 1E
FAM T AR I VD ) E TR A 45 A% IS JR 2R FG T
RovA X} 48 L X 5 3l 7 19 45 & 22 A Bk H-NS X 56 A
HER A — AL AR AT R B
H-NS GEWAE T rovA B9J3 3h T IX, H H-NS %f rovA
(455 7 51 5 X psad Hl psaE (% AR TR, AT EEf31)
ik 80% (1#5) , Ui B H-NS £y 4% 7, o id 4
BH1E RNA 545l 4 SiE A s 2 Al AL 1 R ) RovA
AIFRIK o X REFAT] AT LLEAT AR HEM A B R
H-NS 11 845 rovA B335, M RovA X BEf# [ H-NS
Xof it B R PR A 4 AR, EE BN psad (psaE o H 2
PRI TEANALE] 38 T — R TR A R B R, A
3CH H-NS 8 R A4 35 S H-NS 5 DNA 255 7%
PEIT AT 53 T A ARSI £ i ST, o R 22 H-NS
P BRI AR AR ST 28 T Al
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Purification of recombinant H-NS protein of Yersinia pestis
and characterization of its DNA-binding activity

Yiquan Zhang'*, He Gao'**, Li Wang', Zhang Luo, Yafang Tan', Zhaobiao Guo',

*
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'State Key Laboratory of Pathogen and Biosecurity, Beijing Institute of Microbiology and Epidemiology, Beijing 100071,
China
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Abstract; [ Objective ] The regulator protein H-NS of Yersinia pestis was expressed using the Escherichia coli BL21\DE3
protein expression system, and its DNA-binding activity was characterized. [ Methods ] The entire coding region of the
hns gene was amplified by PCR from Y. pestis strain 201, and then cloned into the BamHI and Sall sites of the vector
pET28a. The recombinant plasmid pET28a-hns was transformed into BL2ZIANDE3. Over-expression of His-H-NS in the LB
medium was induced by addition of 1 mM IPTG (isopropyl-b-D-thiogalactoside). The over-expressed protein was purified
under native conditions with nickel loaded HiTrap Chelating Sepharose columns ( Amersham ). The electrophoretic
mobility shift assay and DNase I footprinting experiments were carried out to analyze the DNA-binding activity of His-H-NS
in vitro. [ Results] The purified His-H-NS protein could bind to the upstream DNA regions of psaA, psaE and rovA of Y.
pestis, and the H-NS-binding sites were determined at the single nucleotide resolution. [ Conclusion] The purified His-H-
NS protein could bind to target DNA fragments, suggesting that H-NS would regulate the transcription of relevant genes in
Y. pests.
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