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Nuclear magnetic resonance is an important tool for high-resolu-
tion structural studies of proteins. It demands high protein concen-
tration and high purity; however, the expression of proteins at high
levels often leads to protein aggregation and the protein purification
step can correspond to a high percentage of the overall time in the
structural determination process. In the present article we show that
the step of sample optimization can be simplified by selective labeling
the heterologous protein expressed in Escherichia coli by the use of
rifampicin. Yeast thioredoxin and a coix transcription factor Opaque
2 leucine zipper (LZ) were used to show the effectiveness of the
protocol. The 'H/®N heteronuclear correlation two-dimensional
NMR spectrum (HMQC) of the selective N-labeled thioredoxin
without any purification is remarkably similar to the spectrum of the
purified protein. The method has high yields and a good ‘H/*N
HMQC spectrum can be obtained with 50 ml of M9 growth medium.
Opaque 2 LZ, a difficult protein due to the lower expression level and
high hydrophobicity, was also probed. The *N-edited spectrum of
Opaque 2 LZ showed only the resonances of the protein of heterolo-
gous expression (Opaque 2 LZ) while the *H spectrum shows several
other resonances from other proteins of the cell lysate. The demand
for a fast methodology for structural determination is increasing with
the advent of genome/proteome projects. Selective labeling the het-
erologous protein can speed up NMR structural studies as well as
NMR-based drug screening. This methodology is especially effective
for difficult proteins such as hydrophobic transcription factors, mem-
brane proteins, and others. © 2001 Academic Press
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INTRODUCTION

Protein NMR studies need high protein concentration a

straightforward. On the other hand, some proteins can agg
gate and be very difficult to handle in solution. The majority c
proteins in the cell can be difficult and the methodology use
to deal with them needs improvement. For those proteir
purification can be the most time-consuming step for structu
determination by NMR. Poor yields during purification an
protein aggregation are problems that often occur and can
avoided by working with salt, pH, and temperature and som
times by the addition of cosolvents or even by making prote
complexes.

Protein expression in the presence of rifampicin enabl
labeling of only the heterologous proteins. This occurs sin
cells self protein synthesis is inhibited but not heterologo
expression. Rifampicin binds to the bacterjgsubunit of
RNA polymerase, inhibiting transcription initiatiod){ On the
other hand, rifampicin does not inhibit T7 RNA polymerase
which is used for expression of the heterologous protein. Tt
is a well-known methodology for labeling with specific aminc
acids @, 3.

The present work shows a simple and cheap methodolc
using rifampicin to simplify NMR sample optimization for
structural determination. The growth is done in nonlabele
M9 medium. Rifampicin is added, inhibiting the cell sel
protein synthesis. The cells are then pelleted and resl
pended in**N-labeled M9 medium with isopropys-p-thio-
galactopyranoside (IPTG) and rifampicin. The use of rifan
picin in the M9 medium with IPTG permits the selective
labeling of protein with heterologous expression. The labe

Nghg was monitored by the comparison of the proton spe

purity. Purification of proteins that behave well in solution igruym and the'H/**N HMQC spectrum. Yeast thioredoxin

*To whom correspondence should be addressed at Av. Brigade%pe 2 @) (TRX, 12 kDa) and Opaque 2 leucine zipper (LZ
Trompowiski s/n, CCS-ICB, Bloco E sala 10, Cidade Universitaria, Rio d®@ kDa), a transcription factor from coi®), were used to test
Janeiro, RJ 21941-590, Brasil. Fax: (5521) 2708647. E-maihe rifampicin protocol. The nonpurified NMR sample:
valente@cnrmn.biogmed.ufrj.br; fameida@cnrmn.biogmed.ufrj.br. showed a HMQC spectrum that was remarkably similar

2 Abbreviations used: HMQC, heteronuclear multiple quantum coherencE,l . . . .
NMR, nuclear magnetic resonance; TPPI, time proportional phase incremdftoS€ of the purified protein and consistent with the e:

TRX, thioredoxin. pected properties.
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FIG. 1. 'H spectra (A, B) and°N-edited'H spectra (C, D) of TRX. Spectra of purified TRX are shown in A and C. The samples obtained using rifam
protocol samples are shown in B and D. E shows the SDS—PAGE of the rifampicin NMR sample, the same as spectra B and D.

RESULTS eral extra peaks also appear in the amide region. This con

_ ) o shows the importance of using rifampicin to get selectivity i
The effectiveness of the rifampicin protocol was tested e |aheling of the heterologous protein even if the protein

comparing the spectra of purified and nonpurified TRX, prege| pehaved in solution and the clone has very high expre
pared using the rifampicin protocol. The comparison of'‘te sion levels.

spectrum and the one edited foN enables the evaluation of | s imnortant to show the effectiveness of the rifampici

the selectlvefness OI:C the Iqbel!nghSIﬁbﬁspegtﬁ wﬂ_shgw the rotocol for a difficult protein. Opaque 2 LZ is a transcriptior
resonances from all proteins in the cell and the edited Spectridi - from coix 6). This protein has an unknown structure

will show resonances only from the labeled protein. In Fig. I]f : : : : : ;
o is a leucine zipper with a probable coiled coil structure. It
we show the'H spectra of the purified TRX and the sampl PP b

resonances from cell self proteins also appear in this spectrum. . : . )
Different results are obtained for tH#N-edited spectra (Figs. m(?l_nr:branetar)dl 1S rtet.amgd. n tt::e 3555kk[|)3a membl;ane (Flg.h3'
1C and 1D). The spectra in Figs. 1C and 1D are remarkab?v e material retained in the 3.5-kDa membrane (whe

similar, showing that the use of rifampicin methodology stop _]E)faque 2 LbZ IS presg;t) W:‘:‘H(;ﬂ?\lc';el\(j f?:“ Iabelmg.IThtla
cell self protein synthesis and enables tfid labeling of, ffierences between thiel an QC spectra clearly

exclusively, TRX show that the heterologous protein is the one that is bei
Figure 2 confirms the observation in Fig. 1 but with moréPeled (Fig. 3). The SDS-PAGE in Fig. 3C shows that ev

details. The two-dimensional HMQC of the purified TRX (Figfiﬂer ultrafiltration steps, the sample has several proteins ot
2A) is almost the same as the nonpurified TRX (Fig. 2B). THBan Opaque 2 LZ. . S
threshold was set low in spectrum B to show the absence ofl € two-dimensionafH/*N HMQC spectrum (Fig. 4)s
weak extra peaks. The spectra of the purified TRX wefRonsistent with a leucine zipper, with low dispersion similar t
obtained fran 1 L of growth medium and the one with ritam-GCN4 () although the protein has a sign of partial aggreg
picin was obtained with 50 mL (see the legend to Fig. 2 fdfon. At this moment, we are improving sample condition:
experimental details). This protein has 86 amino acids and we can count appro
As shown in the SDS—PAGE in Fig. 1E, TRX has a higiately 70 cross peaks (Fig. 4). It is important to mention th
expression level. It may represent more than 50% of all préhere are no cross peaks from free amino acids or sm
teins in the cell. Since in an NMR spectrum the low-moleculapeptides, since the sample was ultrafiltrated in a membrane
weight proteins give rise to the most intense peaks, it &5-kDa molecular weight cutoff.
expected that the spectra of the TRX grown always in labeledAnother way to control the selectiveness of the labeling is
media has the great majority of peaks from TRX. The spectrutheck the presence of labeled proteins with higher molecu
in Fig. 2C shows this important control. The supernatant of threeights (retained on the 30-kDa cutoff ultrafiltration mem
lysed cells grown all the time if°N-labeled M9 shows that brane). When the induction is performed in the presence
several proteins other than TRX are also labeled (Fig. 2C). @&ampicin, no **N signal could be measured in the sampl
course, TRX resonances are clearly prominent. However, sestained in the 30-kDa membrane (Fig. 5B). In contrast, in
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FIG. 2. Two-dimensional’N, *H-HMQC spectra of TRX. Purified TRX (A), rifampicin protocol sample (B), and totally labeled control (C) HMQC spec
were analyzed. The spectra were obtained at 303 K. The threshold was set low in spectrum B to show the absence of extra weak peaks. All spectegiwe
with 1024 X 200 points, 256 scans, and a recycle delay of 1.2 s. The processing was performed with zero filling and a square sine multiplication shifte
in both dimensions. The States—TPPI method was used for quadrature detection in the indirect dirhBn€&RP was used to decoupfdN during acquisition
(13) and WATERGATE for water supressioti4).

sample obtained when the cells grew all the time in labelelilum culture is sufficient to perform three-dimensional expe
medium, a strong’N signal is present. These results show thaments. Leeet al. used a similar protocol to specifically label
rifampicin drives the labeling to the heterologous proteiproteins with selected amino acids for NMR studi2s [n the
(Fig. 5A). present work we show that such a methodology has broa
uses.
DISCUSSION AND CONCLUSION For the Opaque 2 LZ we have performed a fast prepurific
The rifampicin protocol simplifies the protein labeling fort|on step by using ultrafiltration membranes. This procedure

NMR studies. The first steps of NMR sample optimization arfgSt’ with almost no loss of protein. Itis important because, |

facilitated. The first NMR spectrum can be obtained aft re:e(g:'ngtpnly :hti Iow-mole::u!{gr—waght protew;s, |'i”$|r;eable
growing, cleaving the cells and acquiring*®-edited spec >2'uP!1zation at Ihe concentrations necessary for Pt

trum. poses.

The two-dimensional®N HMQC of the rifampicin protocol T_he rifam_pici_n protocol can _also be usgd to follow proteir
sample spectrum is very similar to those of the purified proteiffdfing purification by screening théN signal on column
1C labeling and®N/**C double labeling also give good resultdractions or in the supernatant of protein precipitation. Th
(data not shown). Gronenborn and Clore proposed a simiRfecedure can be easily done through a one-dimensio
procedure by using an overexpressed protéjnThe strategy HMQC spectrum.
presented here is also simple, offers high yields and, mostSeveral genome projects are being carried out nowada
importantly, the rifampicin protocol can also be used for diffhese projects consist of the identification and isolation
ficult low-expressing proteins. The rifampicin protocol camany novel genes. The next step will be the proteome projec
make the protein preparation cheaper by reducing the amouhiese include the elucidation of expression control, structu
of **C-glucose and®NH, to be used. A 250-ml growth me and function of proteins coded by the large number of gel
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to mid-log phase (OD about 0.7 at 600 nm). At this point 1 ml
of IPTG was added. This enabled the induction of T7 RN
c polymerase. A small amount of unlabeled TRX or Opaque

LZ will be obtained. After 5 min, 20Qug/ml of rifampicin was
; N added. The cells grew for 15 more min and then were cent
' I eskoa  fuged to pellet. This time interval is necessary in order to |
L‘ [ swa  Nfampicin diffuse into the cell, inhibiting self synthesis while
swk0a  still in the unlabeled medium. The cells were then resuspenc
222 in 100 ml of *N-labeled M9 growth medium containing 1 mM
20kDa IPTG and 20Qug/ml rifampicin. The induced cells grew for 2
to 3 h more and were cleft by freezing and thawing in cleava
1k puffer (1 ml TRX and 15 ml Opaque?2 LZ per 100 ml of growtt
P p € Da medium). The samples were then centrifuged and the super
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FIG.3. 'H spectrum (A) and®N-edited"H spectrum (B) of Opaque 2 LZ. 12 F-2 £
The “N-edited 'H spectrum shows low dispersion and is consistent with a s
leucine zipper §). The proton spectrum shows several different peaks with 116 - ‘ ¢
higher dispersion. This spectrum was obtained with 250 ml of growth medium.
The sample was prepared using the Amicon by passing 250 ml through a 120
membrane of 30-kDa molecular cutoff and then concentrating it to /400
using a membrane of 3.5 kDa. C shows the SDS—-PAGE of the rifampicin 124
NMR sample used to obtain spectra A and B. — ®
£ 128 4
o =
& ®°i
. . . . = 132
sequences. The investigation of these new proteins demands < 65 80 75 70
fast methodology for structural studies. Different methodolo- Ei
gies have been propose8, 9). Selective labeling of the het- € B
erologous protein can speed up the screening of clones that 2
) . O 108 s
leads to folded proteins for NMR structural studies. = - 7
HMQC spectrum analysis can also be used to monitor = 12 &
changes in protein structure upon drug addition. This will make
rational drug design faster as the screening can be performed 16
quickly. 0
We strongly believe that there might be cases where protein
purification in high amounts is difficult and the structure de- 124 -
termination could be elucidated by using the rifampicin proto-
col. 128 \
8"
¢
EXPERIMENTAL 132 ‘

8.5 8.0 7.5 7.0

NMR experiments. NMR spectra were made at 303 K in a
Bruker Avance DRX 600 MHz, using 5-mm triple-resonance
probes. Bruker XWINNMR software and NMRView(@) were ~ FIG. 4. Two-dimensional*N, 'H-HMQC spectra of Opaque 2 LZ eb
used for data acquisition and processing and for data analy&§ed with (A) and without (B) rifampicin. The 2D spectrum (A) shows 7(

tivelv. Th | i includ th dditi peaks while the primary sequence has 86 amino acids. The dispersion is 1
rESpPECtvely. € sampie preparation includes the addition Gliar 5 the one obtained for GCNB)( The sample obtained without

10% D,O for lock. All spectralwere recordeq at pH 7.0. rifampicin shows several extra peaks. The sample was prepared as describ
All reagents were of analytical grade purity. Fig. 3. All spectra were acquired with 1024 512 points, 64 scans, and a

Selective protein labeling: Rifampicin protocol Samp|e§§cycle delay of 1.3 s. The processing was performed with zero filling anc

L. . . . .. square sine multiplication shifted by 90° in both dimensions. The States—TF
Escherichia coliBL21(DE3) with plasmlds (pET) containing method was used for quadrature detection in the indirect dimendi®n (

TRX or Opaque 2 LZ were grown in 100 ml of nonlabeled M$arp was used to decouptN during acquisition 13) and WATERGATE
growth medium {1) at 37°C and were shaken at 200 rpm ufpr water supressionlé).

'H Chemical shift (ppm)
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A A was applied to a Toyopearl-650M column (ion exchange) at f
[/\M/\ | 8, and the fraction eluted with 50 mM NaCl was collectec
{/ | \V\ | (\ dialyzed, and applied to the same column. TRX is eluted wi
/ L m\ /\ 50 mM NaCl. Sample purity and expression were confirmed |
o VAT SDS-PAGE.
o ~ \W\’\/\/\J‘//" |
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