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Purification and Fluorometric Analysis of Leucine-Responsive
Regulatory Protein from Escherichia coli
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We describe the construction of derivatives of wild type and mutant Irp genes that encode 6XHis-tag
Lrps. These derivatives of wild type and mutant Lrp could be useful for in vitro studies including Lrp
conformational changes. We show that 6XHis-tag Lrp wild type and 6XHis-tag Lrp R145W bind with
similar patterns in vitro to 21 bp duplex DNA containing the consensus sequences of Lrp sites of
upstream of the ilvIH operon. In addition, we report here the 6XHis-tag Lrp R145W is useful to
investigate the conformational changes of Lrp in solution by using its own intrinsic fluorescence

characteristics.
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MRS 2849 Wk BUglel QXS ol Hg
i Aopzit), 22 Z-xKGlobal Regulator)’ 2 L#HF
wijdo] ofg] OF] FAAES 2HIT= ARe] dukst
=3 Sltkl, 11). olHd 29 FHAES 259 A,
B2 Aol olgte] FAHAY EHE vl 229 wise=
6 E /&3 heat-shock 87| HALE WEA7|A =1,
cyclic AMP receptor protein (Crp)= EH31E &3l s}
€ FAxEe] das 243k, 19).

Leucine-responsive regulatory protein (Lrp)< Escherichia
colidlA IAE 2 2HA ZA] o3 357 2 1 9]
e #7 Qe wEs zdsA K5, 10, 14). Lipe=
°F 0.39] plghe ZH= 9714 Bulolm, B FAimonomeric
molecule)?] Z7]= <F 18.8 kDa°]™ 10 uM H= o]de] &
Ho| M o]&Al(dimer) 2 EATCKS, 15). E. coliolA] Lipol
ofste] A= e 4 HE2 ohvqte] ARA
(13) 2 #3117, 18), -2 opv|i=ite] ol Hefsl= fH
AF=o]th2, 12). B3} one carbon AL A Bl whs-
o #fdhs AAES gk FAAEY] T HA] Lipel
oJate] ZAEHE Fow LHFTHS).

Lipe LysR¥} 22 2 Fide]o] wezjo} 24 whild =
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& CRPY FNR (Fumarate Nitrate Reduction Regulatory
Protein) @} Zo] & 4&d =3 wiAd= AJA3AV s
ol olze}, host-factorE integration Al7]= DNA 2l
A 2 histone-like 2 TAINT JAAAE HolA] g+=
K4, 5). Lrp= Y9t asparagine synthaseS & Sl= asnA <]
2 FAAR] asnC7}F Z=3he TAR <F 25% 9] ofn]=At
FERE BAOH(5), o€ Ip AP ob)edt thAkEg o
#FoAsh] W&l A= Als €k

TEAQ WA B W lpe A vl T2 X
A ol o] fxzte] AyH F2 Hgdl Bgk Fr 2L
AL ZH) dth4, 14). F4 1Y LEE0] Lipol oJsate] =
A 7oz AZEH o]E ¥ ES Lrp-regulon®]g} F35HH,
=24 24 WAYFEOE Z8E= Lpregulon®] o{9A ¥
7o Fagk Wl tg3h -3 HeAE AHse A
2 vl 2 9ort ok 571 we 32 Lip-regulon®]
leucine®l] &3t T2 FHE|o] 24 S BRIlth= Holths,
7). Leucine/Lrp regulon®] 7} & &3 F9| shie= o]A9]
AL ZRg-oll M) Gl st ARl 7]&o] o} 7R o]F
o)A A] exskrhe olm, AR 259 leucine©] thdte] At
HE 2-ste Aol tigh B2 oheksk o]&(7, 10)0] AAS
Agk ofA ARl o]&o] YA 2 Adulelth

2 AFME oAf9A @Y =d whiido] =ant =



(leucine) 7} F5 283l W Aolst QA EES] THS =4
A F glom, o297 leucine®] Lip &S A#sA 9A
v, STRIIAY, e FEHE 4 s Aol i Fad oF
A& st = leucined} Lrp2te] s 2ol #gh w7k
Z 78-S $18FY 6XHis-LipE I =3k %4 DNAE 23
she AZFETEAEE AZSte] DHAA dHAdES -

BASE o ulde] FRuAsty 5L 2As

Mz H d

Alel A TiE

Astas, 27lobAl, kinase 52 &4+ Amersham Bio-
science (USA) AIES AL23l5.oH, 'Y-*P-ATPE Du Pont-
New England Nuclear (USA), ampicillin, kanamycin, tetracyclin
52 Sigma (USA) AIFS AFE3Ith Oligonucleotides=
Genotech (Korea)ollA] T+t

=g E2tADIE HX R #F

pBluescript II SK Zgk~m|=e] F=AQ1 pQE 302
QIAGEN (USA)elX FUstde™ ip A7 A
pBluescript II SK™ Ze}An| =0 that EAL He] =50 7]
=Ho] Arkl6). o5 AMERFZE=dA Ip FHAAES
pQE 30 ¥E|2] multi-cloning site2] BamHI/HindIll ZHF-2]
o} Irp 7412 open reading frame 9714 ES EQla] 1ok
¥ Zz}oln] ACAATAGGATCCGTAGATAGCAAGAAG (2
22 BamHI AEH-9))2} TTTGCAAAGCTTCCGTGTTAGC
GCGTC (Y& Hindlll AHRLNE o] 83 TF a4 A4
H-3{(PCR)= B3ty FFAIATE F$ZE DNAT Agas
BamHI and HindIIIZ A@3 & PCR product purification kit
(Solgent, Korea)Z FAI$t & -2 AarEZ ou| dod
pQE 301 ligation AJZth Ligation AFE-2 A ZHo
W}l E. coli CV1306 (16)°-Z 312} Hoj=glom 443
A= 100 pg/ml ampicilling ¥ Luria-Bertani (LB) Bl
AlodlA] Agls F2YERA AEEeH ol AERF ZEks
HEE52 DNA S7IMES Ao zHn Bisisch

MIZZ {2} 3 6XHis—tag /rp OPYA & EAHHO| /rp FH
xfe| s

E. coli W& 100 pg/ml Amp’, 25 pg/ml Kan®, 25 pg/ml
Tet o] 3 20 ml19] LB HjFHol] HE3ke] 37°ColA A
A sk Bk LB HIAIS 1:5020.8 3AA1A 1 Lo
A&t wHk Al71™ ODeoonm#tC] 0.6 7] 0.8712] ZF24A| g
% IPTG (100 pM)E 718t LEE F=3 & 5-6A17HS ¢
A 3FATE M SAEE 15,000 rpmOE 3087 UA B
sle] 3% F ou) Huo] A $4FEMS50 mM sodium
phosphate; pH 8.0 and 300 mM NaClS 3ol A7 &
Ze9E MEE FAAATE 47te] §dol= RNase A (10
pg/ml)2} DNase 1 (5 pg/ml)S 7FF3.2.H lysozymed} PMSF
2 77t 1 mg/mle] EEE 93 3087 deo] ol 3

g Lipe] A4 0 FuEgetd 54 B4 105

15,000 rpm O 2087 AAl=
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6XHis—tag Lrp O3S 2 Lrp R145W2| 22| - |
A 9890 E09E 50%2] Ni-NTA Fed(slurry)ol

Fedes AT AREE wEk AR F FA(resin) S
ZHde] Yol ZF 3 280 nme] ODZke] 0.01°] 2 w74 0.5

ml/ming] EEZ AZAIZ] & B S5EA(50 mM sodium
phosphate; pH 6.0, 300 mM NaCl, and 10% glycerol)2.=
280 nme] ODZFE 0.027h4 W#Z &, 0.1 M imidazole
713 B 958907 AH3 & 0.25 M imidazole©] 9]
B $58dog SEAZHY 4] EF(fraction)ol] 1-3
ml¥S 83 &, 13% acrylamide SDS-PAGEE <1513t}
(Fig. 1). 6XHis-Lrp7} E9%= A9 #3s B &
imidazole 2 A|A3}7] 18k 50% glycerol, 0. mM EDTA,
0.1 mM dithiothreitol, 0.1 M NaCle] X33 pH 8.0
Tris-HCIe]| o] B2 F -70°Col Rasisich A =of
Z TlAe] A2 Bradford protein assay (3) Wl wheh
FPSAT

ME

Lrpel HEETEY 24

A 80 ZolGlE 1 uMe] FERE Y3 TlESs
ZH]3}aL, fluorescence spectrophotometer FS-2000 (Hitachi,
Japan)S AFE3F] 278 nmollA] excitationghS IAHAIT)IL,
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Fig. 1. SDS-PAGE analysis of 6XHis-Lrp wild type. The Lrp was
analyzed by Coomassie blue-stained 13% acrylamide gel. Lanes: 1,
protein standards (14, 21, 30, 46, 66, 97, and 220 kDa, respecti-
vely); 2, cell pellet after sonication; 3, wash with sonication buffer;
4, wash with wash buffer; 5, first elution with imidazole (0.1 M) in
wash buffer 5 ml; 6, second elution with imidazole (0.1 M) in
wash buffer 3 ml; 7, third elution with imidazole (0.1 M) in wash
buffer 3 ml; 8, first elution with imidazole (0.25 M) in wash buffer
1 ml; 9, second elution with imidazole (0.25 M) in wash buffer 1
ml; 10, third elution with imidazole (0.25 M) in wash buffer 1 ml;
11, fourth elution with imidazole (0.25 M) in wash buffer 1 ml; 12,
fifth elution with imidazole (0.25 M) in wash buffer 1 ml; 13, sixth
elution with imidazole (0.25 M) in wash buffer 1 ml; 14, seventh
elution with imidazole (0.25 M) in wash buffer 1 ml; 15, eighth
elution with imidazole (0.25 M) in wash buffer 1 ml.
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Gel retardation assay

Lrpte] 23 Algoll= ivlH Z2RE ol EA)38}= Lip7}
Ak 15719 3% A7IXE 4 el 37189 bp (base
pain)E F71A171 21 bp (Scheme 1)} ©]571= DNAZF 2%
ok

5'-CCATAGCATAATATTCTCCTT-3'
3'-GCTATCGTATTATAAGAGGAA-5'

Scheme 1. Oligonucleotide sequences for gel retardation assay. The
underlined region corresponds to the 15 bp consensus sequence that
was defined by comparison of the 63 sequences (9).

ol 71< DNAE wHE7] ffste] EU3H moled] 3H.
2 9d7lg DNAE 100 mM NaCl, 10 mM Tris (pH 8.0),
1 mM EDTA®] ¥ F, 95°Col|A] 5E3F 7183 F A0
3] YZAAIFHTE Gel retardation assayES 3F Z|ol=d
olufo]= A(5-10%; 40:1 acrylamide:bis-acrylamide; 15 cmx8
cm)2 025 M TBE (Tris-Borate EDTA) 9580l 2H5
Al ZAT

ot ¥ o

E. coli®) Irp #7071 PCRe] olsle] ZEglom, W

Ze}m =9 pQE 30 MEle] Irp A AFIE pCV 294

(6XHis-Lip 2= 570} 41918} pCV 305 (6XHis-Lrp R145W

79 FAA 497 A2 ATE 6XHis-LRP Wt] N-Zth o}
vk MEE ol Scheme 20 YERATE

MetValAspSerLysLys-----Lrp Wt

MetArgGlySerHisHisHisHisHisHisGlySerValAspSerLysLys
————— 6XHis Lrp Wt

Scheme 2. The amino terminal amino acid sequences of the wild
type and 6XHis-LRP.

AZF ZTPATE pCV24E EIHSHE CVI494 FAFE
IPTG fr=ol| o3l & Tz ¢ 10% A= Lips A4k
ot 1 Lpe tiFte AE glse] dalie]ol o3t
o] AAE= Aoz Hol B A (inclusion body)E A
she AeR Btk AYEe Lipe IAWES £47](homo-
geneizer) 2 FEF 0 2H 3471 7153, Ni-NTA affinity
A=rtET Y] Fo] Fto] IFHE wid AE 1 g7 T84
6XHis-Lrp2] 532 oF 10 mg F=HTh

Lrpoll= tryptophan©] EAI3HA] gfo} A TR0l A
ol ol ot il 1f &3(intrinsic fluorescence)
ZA4o] o LipolMe E7Fsetth wetx £ Aroxe

Fig. 2. Gel retardation assay using 21 bp DNA duplex synthesized
based on consensus sequences from i/VIH DNA. Upper band,
Lrp-DNA complex: lower band, free DNA. Lanes: 1, Lrp Wt 0.014
uM; 2, Lrp Wt 0.028 pM; 3, Lrp Wt 0.056 pM; 4, Without Lrp; 5,
Lrp R145W 0.04 uM; 6, Lrp R145W 0.08 yM; 7, Lrp R145W 0.16
pM. DNA samples were labelled with [Y-*P]JATP (3,000 Ci/mmol)
and 10 U T4 polynucleotide kinase, incubated with Lrp, and
fractionated by electrophoresis as previously described (18).

71E(8, 16)°l AxE 5] Lip FoIA] leucine 2ol
HoJsls GYgol EASHE arginine 1457} FBA4E AW
tryptophan© 2 v E<Woe] T (Lp R145W)S I =3}
= Irp FAAE 919 6XHis-Lrp Wt A2 W 22 w4
o7 Az ZTFAnES Axsie] DHAR] F o] ghld
(6XHis-Lrp R145W)< AA|sldch

AA)¥ 6XHis-Lrp Wt} 6XHis-Lrp R145W ¢} ilvIH DNA
ole] A%t WS E. coli ivIH Q|29 ZEWE AR &
A= consensus F71AE(8, 9) 15 bpE EgFsl= 21 bps}
°]Z7F=t DNAE o]&-3lo] A@3tairh N-getel] 11719 ofr]
EARS F2AZ] 6XHis-Lrp Wt arginine 1457} tryptophan
o= ny E9Wo] 6XHis-Lrp R145W THlEL Fig 2014

= ule} o] AL B3 HEE DNA 23t DNA-Lrp
EIAE o]F= 4ES BYh ©]= arginine 1457} trypto-
phan® 2 vl EAHe] 9AE Lrp IF9 DNA 2% 5
S FAIg IS ekt

ol WA FxolE §aly] flete] TAe] =
71l WE FF W3} 2 leucined] ¥EE SVMIA BF 2
2ol tiEE e ARE AT o] B, 7)0l 9
3P Lip7F leucineol] ©J3te] Lpo] AHAIZQ E9k4] d4de
fr=3lH DNASLe] Ajdel] dFs vxe ZeE d#A
o], Lrp2] 3 339 o7Ist Hal= o] whE o] leucinel|
o] fresE FxWo] B JuAgdd w24 2 Zleth

Q344 ohu|i=Akel tryptophano] EA43FA] &= 6XHis-Lrp
WedllAMe &go] Ha #EE A ko, Fig. 364 He vp
9} o], Lrp R145W @l o] 5% F7lol we} tryptophan
o 7IRlsk= iy ¥ =Tt SV e Bl T gl
. & ¢ MZ3] Fig. 38 &S| 29 Lipe] = 5 uM 3
T/AE d3BTrt AR Frlske e Holdl,
1 % oPdelMe FFBE A7|e] FHE0] s Y

I~
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Fig. 3. Fluorescence intensity according to the protein concentration
of Lrp R145W. Excitation, 277 nm; Emission 344 nm. The data
shown in closed circles and open squares were obtained from
separated experimental works performed, respectively.

S HYth ol o] @lEo] vre rro = WA (monomer)
2 EAa gk 10 pM ool H= o] FAl|(dimer) JEIZ &
A= 71E AZ5)eF dBAe] B o, dEe] w2}
F7Fel we} o] wAe] 4x 7} Wl 71/1ste ¥
B4E W o4 tryptophan®] BFAN717F HAEHA He
AR 2 mA Ao E HAHUS ALZ FAH

Leucine®] &%= 37}l W Lrp R145W 2 &3] s} &
 ZAFEte] Fig. 40 YERTh 7|19 A7 2316, 20)°
o3l ofm]i=2t leucinedl] ©J3te] Lipo] FEHO}F fr= o]
DNA A3}t @Rl Lip9] regulatory 2] DNAY 23S
© ol deiitta B HY=H, Fig. 404 Be uief 32
o] leucine®] ¥=7} 20 uM7HA= Lipe] 34 Fwr} 718}
o}t 71 o)At leucine TEAAME GG TI} s Ay
& AU Lipel 7154 dYol tigh Ip F-3Ak] EAHo]
o tigt A7t A¥K16)ol =, opulx DS DNAY] Af
She 98-S 3, TYE-ES XA #-Ee 99, 7)
EA] B leucinedl] 33k G902 AEHA Q) whEhA
leucine] Lrp R145W Tzl Aol w2 FxiHoldl| 7]
QlEte] FHEA] Tt JHl = ofv|=2t tryptophane] ¥
/do] Wistg o= Uehd R FEEth

o] AR AAEL o] TA9] 2FH=Q] ov| =4t leucine
52 DNA®} AFso2H Yt Tize] 2ol 7ls
Lrp R145W =Wo] ©E9] gryptophan O] x=2ko]
WE 325 FBBE2ZN F5E F Je 8490 dsS
el 1, DNA A8 wjo} FAA] 59 Lip R145W2
g = EAM0) Uigt A= e A7 dFo] F&E oo &
Aotk gokstd B AFol|lA 6XHis-tag AlHlE &8st
Leucine-responsive rtegulatory protein (Lrp) @2 Wit}
tryptophan®] XE3}E ] Q= E<I¥e] @¥ld Lip RI4SWE
affinity chromatography 2 2] - ZAS}At} o|58 FF&
BHEAE o83t o] FdRlo] Thilde] T FTld] wWE
g EA} olm|eA) leucineS H7FEFIS W] &A1Y
o] H3lE RARBIH O, ol A% ZAIES Lip A +
Z B4 3gel 83k &84 redS Bk
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Fig. 4. Effect of leucine on intrinsic fluorescence intensity (F.I.) of
Lrp R145W. Protein concentration, 1 pM. Excitation, 278 nm;

Emission at 344 nm. The fluorescence intensities were the average
values from separated two measurements.
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