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Membrane proteins (MPs) are responsible for cellular sensing and transport which gave them high potential
to be used for various biotechnology application, while they have hardly been used due to the difficulty to
obtain functional MP by conventional techniques. An 7n vitro transcription—translation (IVTT) system has
been used to rapidly synthesize the MP of interest independent of living cells. MPs require hydrophobic
environments to fold and exhibit their function, which can easily be provided by reconstituting in bilayer
vesical. Droplet Interface Bilayer (DIB) approach is one of the simplest ways of forming stable bilayers
where proteins could incorporate. DIB can be prepared by contacting two droplets, bilayer appears between
the two droplets. However, previous studies failed in making stable DIBs consist of an IVIT system. To the
best of our knowledge, there have been no reports quantifying the number of synthesized MPs supplied to the
DIB by an IVIT system, presumably due to DIB instability. In this study, 1 firstly investigated the
experimental condition where protein can be expressed inside DIB by using an IVIT system without disrupting
the DIB. Secondly, I synthesized and quantified the number of MPs localized at the DIB using fluorescence
data derived from the function of MPs.

I focused on stabilizing the DIB made by an IVIT system. For this purpose, I selected the suitable oil phase
for preparing lipid dissolved oil solution that increase the formation and stability of DIB at 37 ° C for
at least 2 h, which is required for protein synthesis. 1 also found that the chamber design affects the
droplet shape and DIB contact length. I found that the setup for stable DIB made of an IVTT system is 20
mg/mL (DOPC) in a mixture of 10: 1 (v/v) hexadecane to decane inside RB2 chamber.

As a first example, I used «-hemolysin (AH) a pore-forming protein from Staphylococcus aureus, that is
expressed as a soluble monomer. AH was synthesized inside the droplet using an IVIT system. The pore
formation was confirmed by the diffusion of FDGlcU through AH nanopore to the other droplet, and hydrolysed
by B -glucuronidase to emit the fluorescent signal. I quantified the amount of AH inserted into bilayer
based on the fluorescent data. I obtained the fraction of AH inserted into the bilayer was determined to be
2.4 x 10° % of the total amount of AH synthesized. As in vitro system is highly controllable and adjustable
it is possible to investigate various parameter affecting the AH insertion and consequence the fluorescence
flux.

I synthesized EmrE, a multidrug transporter from FEscherichia coli, that expressed in an insoluble fraction.
Then quantified the fraction of EmrE inserted into bilayer that was found to be 1.0 x 10" % of the total
amount of EmrE dimers synthesized. Note that the fraction of AH inserted into bilayer to that obtained using
FDGlcU and EtBr flux were similar, indicating the validity of our measurement. Finally, to demonstrate that
observed EmrE function is not an artifact, I tested the substrate specificity by using tetraphenylphosphonium
(TPP*), a very well-known substrate of EmrE, and calcein, an unrelated compound. I observed the inhibition
of EtBr signal only with TPP, indicating that synthesized EmrE exhibit proper substrate specificity

In summary, I was able to synthesize MPs using an IVIT system and quantified the number of MPs at the DIB
inside the developed chamber that has been proved to aid in stabilizing the DIBs for at least 19 h. This

study provides a platform for further improvement and understanding of how MPs are integrated and function

into the lipid bilayer using a bottom—up approach
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AERIIR D DAL L CHBDRE S LR 7 B 2B T A 72012, BEHIiafREFNER (in vitro transcription—
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%, DIBIE, U U AREASWABICHEME L TV D200 K2 HM S+ 5 2 & TR TE 5, 20 OMICIRE &g
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WIS, EH 7 EORREN O/ LT8O T — 2 Z AV DIBICRTET DS o XV Ea @Rt L2 L2l LT
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WE L ERROGRMLZ R TOOE—0flL LT, EE7 FUKEBROAERY vV BETHD a-~FY v

(AH) Z W TW 5, AH ZFAERR IVIT & A7 2% W T w/o i D 1 SOWNETAR L. IVIT &S F (FDG1cU)
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TN = =B LIRSS TEN T T TN ERT D, 2087 —F % b L2, “HFIHAINTZ AHO
BEERL, DIB 72V Npore=4.8X104 DO ~T ¥~ —% T 5 M NFETHZ EERL TS, Zhik, —H
JEIZHRA AT AH OFIED 2. 4X10-6%270 5 Z & LM% TH o7z, In vitro AT MFHIEMESE <. EBR GO
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SUWTDIBIZEIT A EmE OEZER L TWD, ZORE, “HEBIHAINT EncE 0BG, A E 72 EmE &
KOFED 1.0X10-4 %THY ., AHD 30 HEDOEETHDZ LE2TFLTND, F7-. FGlcl & EtBr OFHT — 4 15
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	論文内容の要旨【MAIE_要旨】2
	論文内容の要旨【MAIE_要旨】



