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Protein Display onto Nano-sized Bacterial Magnetic Particles for Receptor Analysis
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Magnetic particles offer vast potential in ushering new techniques, especially in biomedical applications, as they can
be easily manipulated by magnetic force. Magnetotactic bacteria synthesize nano-sized biomagnetites, otherwise known
as bacterial magnetic particles (BacMPs) that are individually enveloped by a lipid bilayer membrane. BacMPs are
ultrafine magnetite crystals (50-100 nm diameters) with uniform morphology produced by Magnetospirillum magneti-
cum AMB-1. Based on our elucidations on the molecular mechanism of BacMP formation in M. magneticum AMB-1,
functional nanomaterials have been designed. Through genetic engineering, functional proteins such as enzymes, an-
tibodies, and receptors were successfully displayed onto BacMPs. Here, display techniques of functional proteins onto
nano-sized BacMPs and its applications to ligand binding assays were described. Dopamine receptor, which is a member
of G protein-coupled receptors, was successfully displayed onto BacMPs. This system makes possible the convenient ac-
quisition of the native conformation of membrane proteins without the need for detergent solubilization, purification
and reconstitution after cell disruption. Furthermore, estrogen receptor, which is one of nuclear receptors, was also dis-
played onto BacMPs. The assay using BacMPs displaying estrogen receptor could discriminate full agonists, partial
agonists, or antagonists. The elucidation of the mechanism of BacMP synthesis has provided a roadmap for the design
of novel nano-biomaterials that would play a useful role in multidisciplinary fields.
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Fig. 1. Transmission Electron Microscopic (TEM) Imaging
(A) and Schematic Diagram (B) of a Bacterial Magnetic
Particle (BacMP)
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Fig. 2. Schematic Diagram for Preparation of BacMPs Displaying Functional Proteins
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Fig. 3. 2-D-gel Electrophoresis of Cell Membrane Protein
Fractions of AMB-1

Circles indicate spots of identified proteins.

Table 1. Luciferase Expression in AMB-1 Transformants
Regulated by Each Promoter Sequence

Luminescence intensity

Plasmids (kcount/second/8 X 107 cells)
pUMGLC-PmagA 37
pUMGLC-Pmms16 3399
pUMGLC-Pmms24 423
pUMGLC-Pmspl 7164
pUMGLC-Pmsp2 117
pUMGLC-Pmsp3 14691
pUMG (negative control) 0
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Fig. 4. TEMs of BacMPs Displaying Mms13-Protein A In-
troduced to Rabbit IgG after Addition of Gold Nanoparticle
(5 nm) -labeled Anti-rabbit IgG Antibodies (A) or Anti-hu-
man IgG Antibodies (B)
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Fig. 5. Fluorescence Competition Binding Analysis of Dopa-
mine to Dopamine Receptors (DIR) on BacMP Surfaces
BacMPs displaying DIR were incubated with BODIPY labeled
SCH23390.
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Fig. 7. Binding Assay of GFP-coactivator and Each Ligand
to ERLBD-BacMPs
Ligand concentration: 10-¢ M, E2: Estradiol, E3: Estriol, OP: Octyl-
phenol, ICI: ICI 182780.
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Fig. 6. Schematic Diagram of the GFP-coactivator Recruitment Assay
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