
electronic reprint

ISSN: 2053-230X

journals.iucr.org/f

Overexpression, purification and crystallization of the
response regulator NsrR involved in nisin resistance

Sakshi Khosa, Astrid Hoeppner, Diana Kleinschrodt and Sander H. J. Smits

Acta Cryst. (2015). F71, 1322–1326

IUCr Journals
CRYSTALLOGRAPHY JOURNALS ONLINE

Copyright c© International Union of Crystallography

Author(s) of this paper may load this reprint on their own web site or institutional repository provided that
this cover page is retained. Republication of this article or its storage in electronic databases other than as
specified above is not permitted without prior permission in writing from the IUCr.

For further information see http://journals.iucr.org/services/authorrights.html

Acta Cryst. (2015). F71, 1322–1326 Khosa et al. · Response regulator NsrR

http://journals.iucr.org/f/
http://dx.doi.org/10.1107/S2053230X15016441
http://journals.iucr.org/services/authorrights.html
http://crossmark.crossref.org/dialog/?doi=10.1107/S2053230X15016441&domain=pdf&date_stamp=2015-09-23


research communications

1322 http://dx.doi.org/10.1107/S2053230X15016441 Acta Cryst. (2015). F71, 1322–1326

Received 4 August 2015

Accepted 3 September 2015

Edited by R. L. Stanfield, The Scripps Research

Institute, USA

Keywords: response regulator; nisin; lantibiotic;

resistance; X-ray analysis.

Supporting information: this article has

supporting information at journals.iucr.org/f

Overexpression, purification and crystallization of
the response regulator NsrR involved in nisin
resistance

Sakshi Khosa,a Astrid Hoeppner,b Diana Kleinschrodtc and Sander H. J. Smitsa*

aInstitute of Biochemistry, Heinrich-Heine-University, Universitätsstrasse 1, 40225 Düsseldorf, Germany, bCrystal Farm
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Production Facility, Heinrich-Heine-University, Universitätsstrasse 1, 40225 Düsseldorf, Germany. *Correspondence

e-mail: sander.smits@hhu.de

A number of Gram-positive bacteria produce a class of bacteriocins called

‘lantibiotics’. These lantibiotics are ribosomally synthesized peptides that

possess high antimicrobial activity against Gram-positive bacteria, including

clinically challenging pathogens, and are therefore potential alternatives to

antibiotics. All lantibiotic producer strains and some Gram-positive non-

producer strains express protein systems to circumvent a suicidal effect or to

become resistant, respectively. Two-component systems consisting of a response

regulator and a histidine kinase upregulate the expression of these proteins. One

of the best-characterized lantibiotics is nisin, which is produced by Lactococcus

lactis and possesses bactericidal activity against various Gram-positive bacteria,

including some human pathogenic strains. Within many human pathogenic

bacterial strains inherently resistant to nisin, a response regulator, NsrR, has

been identified which regulates the expression of proteins involved in nisin

resistance. In the present study, an expression and purification protocol was

established for the NsrR protein from Streptococcus agalactiae COH1. The

protein was successfully crystallized using the vapour-diffusion method,

resulting in crystals that diffracted X-rays to 1.4 Å resolution.

1. Introduction

The increasing incidence of antibiotic resistance has led to an

urgent need for alternative therapeutic options. A potential

class of alternatives are small ribosomally synthesized anti-

microbial peptides called lantibiotics, which are produced by

various Gram-positive bacteria. Lantibiotics bind to lipid II,

an essential cell-membrane precursor, forming a complex

that inhibits cell-wall synthesis and forms pores within the

membrane (Breukink & de Kruijff, 2006; Hsu et al., 2004).

Lantibiotics have a wide antibacterial efficacy and their ther-

apeutic potential has already been recognized (Hancock &

Sahl, 2006; Boakes & Wadman, 2008).

The best-characterized lantibiotic is nisin, which is

produced by some Lactococcus lactis strains and has a wide

bactericidal activity spectrum against human pathogenic

strains including Clostridium difficile and methicillin-resistant

Staphylococcus aureus (MRSA) (Bartoloni et al., 2004;

Severina et al., 1998; Cotter et al., 2005). Nisin has also been

used in the food industry as a food preservative (Delves-

Broughton et al., 1996).

All nisin producer strains naturally express an immunity

system to avoid a suicidal effect. However, there are also some

nisin-nonproducing strains, including various pathogenic

bacteria such as Streptococcus agalactiae and S. aureus, which

are naturally resistant to nisin (Harris et al., 1992). There is a
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whole gene operon associated with the mechanism of nisin

resistance, which was recently found in various species of

Gram-positive human-pathogenic bacteria. The operon

consists of four genes which encode the nisin-resistance

protein NSR, a two-component system (TCS) and an ABC

transporter (Khosa et al., 2013).

The TCS comprises a sensor histidine kinase (NsrK) loca-

lized in the membrane and a response regulator (NsrR). NsrK

is autophosphorylated upon external signal (in this case, nisin)

and the phosphate is then transferred to an aspartate residue

of the response regulator NsrR. This phosphorylation acti-

vates the regulator, thereby triggering transcription of the

genes (Stock et al., 2000; Khosa et al., 2013).

Various two-component systems have been identified which

are involved in lantibiotic resistance (Draper et al., 2015;

Kawada-Matsuo, Oogai et al., 2013). The BraRS, GraRS and

VraSRTCSs of S. aureus are associated with resistance against

bacitracin, nisin and nukacin ISK-1 (Kawada-Matsuo, Yoshida

et al., 2013). The LiaRS and CprRK TCSs were also shown to

be involved in resistance against antimicrobial peptides in

Listeria monocytogenes and Clostridium difficile, respectively

(Bergholz et al., 2013; Suárez et al., 2013). The presence of

these numerous TCS members emphasizes their importance

in lantibiotic resistance. Thus, the structure of the response

regulator involved would help to expand our restricted

knowledge regarding the underlying mechanism of lantibiotic

resistance involving response regulators.

In this study, we present the overexpression, purification

and crystallization of the response regulator from S. agalac-

tiae, NsrR.

2. Materials and methods

2.1. Macromolecule production

2.1.1. Cloning and expression. The GBSCOH1_0895 gene

(accession No. HG939456.1) from S. agalactiae COH1 was

amplified by PCR using chromosomal DNA as template and

the primer pair NsrR-for (GGAGGGCATATGTCACAA-

GAGCAAGG) and NsrR-rev (GGAATCGGATCCTGTAG-

TAAATACCCAACTCC). The PCR fragment was digested

with NdeI and BamHI and ligated into pET-24a, with a His6
tag introduced at the C-terminus. The resulting plasmid pET-

24a-NsrR (Table 1) was verified by sequencing and subse-

quently transformed into Escherichia coli BL21 (DE3) cells

for expression. A single transformed colony was inoculated

into 20 ml LB medium containing 30 mg ml�1 kanamycin.

The culture was grown for 14 h at 310 K with shaking at

200 rev min�1. 4 l LB medium with 30 mg ml�1 kanamycin was

inoculated with the overnight culture at an OD600 of 0.05 and

grown at 310 K with shaking at 170g until an OD600 of 0.3 was

reached. The temperature was lowered to 291 K and the cells

were further grown to an OD600 of 0.8 before induction with

1 mM IPTG. The cells were grown for a further 15 h. The cells

were harvested by centrifugation at 8000 rev min�1 for 20 min

at 277 K. The harvested cell pellet was stored at 253 K until

further use.

2.1.2. Purification. In the purification of NsrR, all steps

were performed at 277 K. The stored cell pellet was thawed

and resuspended in 10 ml buffer A [50 mM Tris pH 8.0, 50 mM

NaCl, 2 mM PMSF, 10%(v/v) glycerol] and 10 mg DNase

(deoxyribonuclease I from bovine pancreas; Sigma–Aldrich)

was added. The cells were lysed five times using a cell

disruptor (Constant Cell Disruption Systems, UK) at

160 MPa. The lysate was centrifuged at 42 000 rev min�1 for

60 min using a Ti-60 rotor to remove unlysed cells and debris.

Imidazole was added to the cleared lysate to a final

concentration of 20 mM. The lysate was then applied onto an

Ni2+-loaded HiTrap HP Chelating column (GE Healthcare)

pre-equilibrated with buffer B (20 mM Tris pH 8.0, 250 mM

NaCl, 20 mM imidazole) at a flow rate of 1 ml min�1. The

column was washed with six column volumes of buffer B.

The protein was then eluted with increasing concentrations of

imidazole from 20 to 400 mM in form of a linear gradient

spanning 60 min with a flow rate of 2 ml min�1. The fractions

containing the protein of interest were pooled and concen-

trated to 8 mg ml�1 in an Amicon centrifugal filter concen-

trator with a 10 kDa cutoff membrane (Millipore). The

concentrated protein was then further purified by size-

exclusion chromatography using a Superdex 200 GL 10/300

column (GE Healthcare) equilibrated with buffer C (25 mM

Tris pH 9.0, 50 mM NaCl, 2 mM PMSF). The protein eluted as

a single homogeneous peak and the fractions containing the

protein were pooled and concentrated to 11 mg ml�1 as

mentioned before. The purity of the protein was analyzed with

15% SDS–PAGE and colloidal Coomassie stain (Dyballa &

Metzger, 2009). The purified protein was directly used for

crystallization. Macromolecule-production information is

summarized in Table 1.

2.2. Crystallization

Crystallization screening was performed at 285 K using an

NT8 robot (Formulatrix) and the sitting-drop vapour-diffusion

method in Corning 3553 sitting-drop plates. For initial

screening, various commercial crystallization screens were

used [NeXtal JCSG Core Suites I, Classics Suite, PEGs Suite

and MPD Suite (Qiagen, Germany) and MIDAS (Molecular

Dimensions, England)]. Nanodrops consisting of 0.1 ml each
of protein solution and reservoir solution were mixed and
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Table 1
Macromolecule-production information.

Source organism S. agalactiae
DNA source S. agalactiae
Forward primer GGAGGGCATATGTCACAAGAGCAAGG

Reverse primer GGAATCGGATCCTGTAGTAAATACCCAACTCC

Expression vector pET-24a
Expression host E. coli BL21 (DE3)
Complete amino-acid sequence
of the construct produced

MSQEQGKIYIVEDDMTIVSLLKDHLSASYHVSSV-

SNFRDVKQEIIAFQPDLILMDITLPYFNGFYW-

TAELRKFLTIPIIFISSSNDEMDMVMALNMGG-

DDFISKPFSLAVLDAKLTAILRRSQQFIQQEL-

TFGGFTLTREGLLSSQDKEVILSPTENKILSI-

LLMHPKQVVSKESLLEKLWENDSFIDQNTLNV-

NMTRLRKKIVPIGFDYIHTVRGVGYLLQDPNS-

SSVDKLAAALEHHHHHH
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equilibrated against 50 ml reservoir solution. The screening

yielded initial rectangular plate-shaped crystals after 2 d in the

condition 0.1 M SPG buffer (succinic acid:sodium dihydrogen

phosphate:glycine in a molar ratio of 2:7:7) pH 8.0, 25%(w/v)

PEG 1500 (PACT suite condition A5). The initial crystals were

optimized by varying the concentration of PEG [21, 23, 25, 28

and 30%(w/v)] and the pH of the buffer (6.0, 7.0, 8.0 and 9.0)

using the sitting-drop vapour-diffusion method at 285 K.

Crystals of similar quality appeared throughout the conditions.

Each drop consisted of 1 ml protein solution (at a concentra-

tion of 11 mg ml�1) mixed with 1 ml reservoir solution and was

equilibrated against a reservoir volume of 500 ml. Crystals
were obtained after 1 d and grew to maximum dimensions of

80 � 40 � 20 mm within 3 d. Crystallization information is

summarized in Table 2.

2.3. Data collection and processing

Drops containing the optimized crystals were overlaid with

2 ml mineral oil before the crystals were harvested and flash-

cooled in liquid nitrogen. X-ray diffraction data were collected

at 100 K from a single crystal on the ID30A-3 beamline of the

European Synchrotron Radiation Facility (ESRF), Grenoble,

France (Theveneau et al., 2013). The data-collection strategy

was calculated with EDNA (Incardona et al., 2009) using four

diffraction images at 0, 90, 180 and 270� with an oscillation
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Table 2
Crystallization.

Method Vapour diffusion
Plate type Sitting-drop vapour diffusion
Temperature (K) 285
Protein concentration (mg ml�1) 11
Buffer composition of protein
solution

25 mM Tris pH 9.0, 50 mM NaCl, 2 mM
PMSF

Composition of reservoir solution PEG 1500 [21, 23, 25, 28 or 30%(w/v)]
and buffer pH 6.0, 7.0, 8.0 or 9.0

Volume and ratio of drop 1 ml:1 ml
Volume of reservoir (ml) 500

Table 3
Data collection and processing.

Values in parentheses are for the outer shell.

Diffraction source ID30A-3, ESRF
Wavelength (Å) 0.9677
Temperature (K) 100
Detector Pilatus3 2M
Crystal-to-detector distance (mm) 148.66
Rotation range per image (�) 0.1
Total rotation range (�) 130
Exposure time per image (s) 0.02
Space group P21212 or P212121
a, b, c (Å) 56.3, 60.4, 56.8
�, �, � (�) 90, 90, 90
Mosaicity (�) 0.047
Resolution range (Å) 100.0–1.4 (1.45–1.40)
Total No. of reflections 183274 (18114)
No. of unique reflections 38706 (3801)
Completeness (%) 99.3 (98.6)
Multiplicity 4.7 (4.8)
hI/�(I)i 13.2 (1.7)
Rmeas† (%) 6.3 (91.6)
Overall B factor from Wilson plot (Å2) 24.6
Matthews coefficient VM (Å3 Da�1) 1.75
Solvent content (%) 29.6

† Rmeas =
P

hklfNðhklÞ=½NðhklÞ � 1�g1=2 Pi jIiðhklÞ � hIðhklÞij=Phkl

P
i IiðhklÞ.

Figure 1
Purification of NsrR. (a) Chromatogram representing the purification of
NsrR by size-exclusion chromatography. The y axis represents the UV
absorption of the protein at 280 nm, while the x axis represents the
elution volume. The red lines indicate the fractions collected. (b) 15%
SDS–PAGE showing the purified NsrR fractions. Lane M contains
molecular-mass marker (labelled in kDa); lanes 1–10 contain the
corresponding purified NsrR fractions from the size-exclusion chromato-
gram displayed in (a).

Figure 2
Crystals of NsrR. Rectangular plate-shaped crystals obtained using the
sitting-drop vapour-diffusion method at 285 K.
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width of 1� each. The subsequently collected data were

processed and scaled using XDS and XSCALE (Kabsch,

2010a,b). Data-collection and processing statistics are

summarized in Table 3.

3. Results and discussion

NsrR was successfully cloned and overexpressed in E. coli

BL21 (DE3) cells. The protein was purified via a two-step

purification protocol. Nickel-affinity chromatography was

performed first, followed by size-exclusion chromatography

(Fig. 1a). The yield of the protein was around 2 mg per litre of

cell culture. Protein homogeneity and purity were assessed by

SDS–PAGE (Fig. 1b). The molecular mass of the purified

NsrR protein was comparable to the theoretically calculated

molecular weight of 27.7 kDa (Gasteiger et al., 2005).

Initial crystals of NsrR appeared after 2 d in PACT suite

condition A5 [0.1 M SPG buffer pH 8.0, 25%(w/v) PEG 1500]

using a sitting-drop setup. Optimizations were performed by

varying the PEG concentration and the pH of the buffer.

Rectangular plate-shaped crystals were obtained with 21–

30%(w/v) PEG 1500, 0.1 M SPG buffer pH 8.0 after 1 d

(Fig. 2), with maximum dimensions of 80 � 40 � 20 mm.

The rectangular plate-shaped crystals diffracted to 1.4 Å

resolution using synchrotron X-rays (Fig. 3). The total data-

collection time was 26 s. The crystals belonged to space group

P21212 (or its enantiomorph P212121), with unit-cell para-

meters a = 56.3, b = 60.4, c = 56.8 Å, � = � = � = 90� (Table 2).
Currently, it is not possible to differentiate between space

groups P21212 or P212121, as the systematic absences are not

conclusive. The calculated Matthews coefficient resulted in a

VM of 1.75 Å3 Da�1 and a solvent content of 29.6% for one

monomer in the asymmetric unit (Matthews, 1968; Kantard-

jieff & Rupp, 2003). Mass-spectrometric analysis revealed 15

peptides covering 49% of the whole NsrR protein. Solving the

structure by molecular replacement has so far failed, since all

structures deposited in the PDB share a sequence identity at

the amino-acid level of less than 34% (the BaeR structure has

33% identity; PDB entry 4b09; Choudhury & Beis, 2013),

which therefore might not be sufficient. Reprocessing in space

group P1 and subsequent molecular replacement also did not

yield a satisfying solution. Hence, experimental phase deter-

mination is needed and we are currently attempting heavy-

atom treatment using the optimized crystals.

NsrR represents a model for various two-component

systems involved in lantibiotic resistance. The structure of

NsrR would help us to further understand the mechanism of

regulation behind lantibiotic resistance, thereby helping in its

prevention.
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