Characterizing Membrane Protein CrgA in Mycobacterium tuberculosis
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NMR Spectrometry

Protein Purification

Tuberculosis is a disease caused by the bacterium Mycobacterium
tuberculosis (Mtb). The disease generally infects the lungs and
accounts for nearly 1.7 million deaths per year. Treatment of
tuberculosis employs a combination of multiple antibiotics over
several months. The emergence of drug-resistant strains of M.
tuberculosis and the lack of multiple treatments pose serious
problems.
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After both wild-type and G44V mutant CrgA are obtained following
purification, the proteins are reconstituted for analysis using solution
and solid-state NMR.
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Proposed dimeric structure of CrgA based on
SDS-PAGE and ssNMR data [Credit: X. Leng]

Understanding the structure and function of membrane proteins is
crucial for solving these problems. CrgA is a membrane protein
located in the Mtb divisome, a protein complex responsible for cell
division, and is thought to play a role in the production of
peptidoglycan and divisome recruitment.
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NMR correlation spectrum of wild-type CrgA in unstructured form in DPC micelles. Tryptophan,
glycine, and amide regions are indicated.

UV absorption plot measured during the purification process and an
SDS-PAGE gel of samples taken after each step of the washing and
elution processes were used to check the purification.
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Protein Expression
2 mM IPTG

Key amino acids in proteins affect the structure and function of
the whole protein. Sequence comparison of Mtb to related
bacteria yields conserved regions likely important to the protein.
Highly conserved regions are highlighted above and several are
selected for mutation shown in the gel below, chosen based on
dimer stability [1,2]. The results show the most dimer present in
the G44V mutant.
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Two SDS-PAGE gels testing the indicated concentration of IPTG at varying incubation times. Protein
ladders are indicated with ‘L’, pre-induction samples are labeled ‘0’, and wells labeled 1-4 are samples
collected at the 1-4 hour marks of incubation, respectively.

The expression of CrgA in E. coli were tested at varying incubation
times and concentrations of inducer (IPTG). The gels above show
optimal protein expression with 2 mM IPTG after 4 hours of
incubation.
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In this study, we will first test wild-type protein expression, evaluate
the protein at various stages of purification, then utilize NMR to
analyze both wild-type and mutant CrgA.
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2D 13C/13C magic-angle spinning correlation spectrum of FIG/VLAM CrgA G44V mix dimer. Crossdimer peak between Phe/Leu (red), and an N-terminal β-sheet Leu-(β)Val cross-peak (teal) are labeled
above [2].

Summary
In this study, protein expression, purification, and mutagenesis were
performed on wild type and mutant CrgA. The G44V mutant
provides evidence that CrgA forms a dimer, as opposed to the
previously proposed monomeric structure. Solution and solid-state
NMR are being conducted to provide structural characterization of
the dimer.
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Original monomeric model of CrgA based on
ssNMR data. Note the two transmembrane
helices.

SDS-PAGE gel showing protein purification after
each wash. The ladder is indicated with ‘L’, washes
1-4 are indicated with the respective labels, and the
elute indicated by ‘E’. CrgA dimer is visible at 12
kDa and the monomer is present at 24 kDa.
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UV absorption plot of CrgA taken during the
purification process. Each step in the process is
partitioned into sections in the diagram. Label ‘L’
indicates loading, ‘E’ indicates elution, and labels
1-4 represent each wash.
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SDS-PAGE gel showing several CrgA mutants. CrgA monomer band is located at roughly 12 kDa
(green box) and dimer band at 24 kDa (red box). Dimer is most present in G44V and A78V
mutants, with the G85V mutant likely being folded improperly [2].
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