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Experimental section. 

Materials — N-dodecylamino acid detergents C12-Gly, C12-Ala, C12-Val, C12-Ile, C12-Phe, 

C12-Ser, and C12-Glu were a gift from Ajinomoto Inc., Japan. Other detergents employed in 

this study were obtained from commercial sources: dodecyl-maltoside (DDM), 

octyl-glucoside (OG), TritonX-100, and dodecyl-N-sulfobetaine (Z3-12) from Dojindo, 

Japan; lauroyldimethylamine-N-oxide (LDAO) from Anatrace, USA; and sodium 

dodecyl-sulphate (SDS) from Wako, Japan. 

Determination of Critical Micellar Concentration (CMC) — 10 mg fluorescein (Wako, 

Japan) was added to 1 ml detergent solution in the presence of 300 mM NaCl at neutral pH 

and incubated overnight, followed by fluorescence measurements in a F2500 model 

fluorimeter (Hitachi, Japan) at room temperature. The fluorescence intensity of fluorescein 

was recorded with excitation and emission wavelengths set at 386 nm and 342 nm, 

respectively. The detergent concentration at which fluorescence intensity of fluorescein 

appeared was regarded as the CMC value.
1
 

DLS measurements—1% detergent solutions were analyzed with an 802DLS instrument 

(Viscotek, UK). Measurements were performed in the presence of 300 mM NaCl at room 

temperature. 
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Preparation of membrane fractions—Expression of recombinant HR labeled with a 

hexa-histidine tag at the C-terminus was carried out in Escherichia coli strain BL21 (DE3) as 

previously described.
2
 The genes encoding MsbA and YidC from Escherichia coli were 

cloned into pET26b(+) vectors (Novagen, USA) displaying a hexa-histidine tag at the protein 

C-terminal region. Escherichia coli strain C43 (DE3) was transformed with the expression 

vector containing the desired protein and grown at 37°C in LB medium supplemented with 

50 µg mL
–1 

kanamycin until the OD at 600 nm reached a value of 0.6-0.7. To induce the 

expression of the proteins, isopropyl !-D-1-thiogalactopyranoside was added to a final 

concentration of 0.5 mM, and the culture grown for an additional 4 hours at 37°C. Cells were 

harvested by centrifugation at 7000 ! g for 10 min at 4 °C, and suspended in a buffer 

composed of 50 mM Tris-HCl and 300 mM NaCl at pH 7.0. Cells were broken with a French 

press instrument (Emulsiflex C-5, Avestin, Canada), followed by centrifugation at 40,000 ! g 

for 30 min at 4°C. The soluble fraction was further centrifuged at 100,000 ! g for 1 hour at 

4°C to precipitate the membrane fraction. The collected membrane fractions were frozen in 

liquid nitrogen and stored at -80 °C. 

Solubilization of membrane proteins — Membrane fractions of each protein were treated with 

solutions containing 1% detergent in a buffer consisting of 50 mM Tris-HCl (pH 8.0) and 300 

mM NaCl at room temperature for 1 hour. The solubilized proteins were separated from 

insoluble material by centrifugation at 100,000 ! g for 1 hour at 25°C. Aliquots thus obtained 

were further analyzed by SDS-PAGE and immunoblotting. Identification of membrane 

proteins was performed using a murine anti-His tag conjugated antibody (Santa Cruz 

Biotechnology, USA). Images were recorded in a ChemiDoc XRS instrument (BioRad, USA) 

and the band intensities quantified with the ImageJ software program (NIH, USA). MsbA 

appeared in two separate bands, corresponding to a monomeric and an oligomeric form. All 

experiments were performed in duplicate. 
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UV-Visible Spectroscopy of HR—Membrane fractions containing HR were treated with 

detergents as above, and their absorbance spectra in the 450-700 nm region recorded with a 

V660 spectrophotometer (Jasco, Japan) at 25°C. 

 

 

Supplementary Table 1. Properties of the detergents used in this work. 

 

 

 

Mw (Da) CMC (mM) Size (nm) Reference 

C12-Gly 239 1.2
 a
 2.6

 a
 This work 

C12-Ala 254 0.79
 a
 2.4

 a
 This work 

C12-Val 282 0.35
 a
 2.4

 a
 This work 

C12-Ile 296 2.0
 a
 2.4

 a
 This work 

C12-Phe 330 0.15
 a
 20.7

 a, c
 This work 

C12-Ser 270 1.9
 a
 2.5

 a
 This work 

C12-Glu 298 0.67
 a
 75.0

 a, c
 This work 

SDS 288 1.2-7.1
 b
 2.7

 a
 [3-5] 

DDM 511 0.18 3.4
 a
 [4, 6-9] 

OG 292 19-25 - [4, 7, 9-11] 

TX-100 625 0.25 - [6, 12-14] 

LDAO 229 2.2 - [6, 15-17] 

Z3-12 336 1.4-4.0
 b
 - [4, 18] 

a
 Experimental data were obtained at 300 mM NaCl.  

b
 Lower range values correspond to Na

+
 concentrations of 0.1-0.2M; higher range values corresponds 

to 0-0.05 M Na
+
.
 

c
 A suitable fitting curve could not be acquired. 
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Supplementary Figure 1 

 
 

 

 

 

 

 

 

 

 
Supplementary Figure 1. Structure of membrane proteins used in this study: Halorhodopsin 

(GeneBank ID 3702828), MsbA (GeneBank ID 945530), and YidC (GeneBank ID 948214). 

The models depicted correspond to the crystal strcutures of the Halorhodopsin trimer (Protein 

Data Bank accession code 1E12),
19

 the MsbA dimer (Protein Data Bank accession code 

3B60),
20

 and the periplasmic domain of Yidc (Protein Data Bank accession code 3BS6).
21

 

The arrangement of alpha-helices of YidC embedded in the membrane is based on the known 

topology of its transmembrane region.
22

  Molecular graphics images were produced using 

the UCSF Chimera package from the Resource for Biocomputing, Visualization, and 

Informatics at the University of California, San Francisco (supported by NIH P41 

RR-01081).
23

 

 

Supplementary Material (ESI) for Molecular BioSystems
This journal is (c) The Royal Society of Chemistry, 2010



 5 

Supplementary References. 

1. A. Patist, S. S. Bhagwat, K. W. Penfield, P. Aikens and D. O. Shah, J Sur Det, 2000, 3, 53-58. 

2. M. Sato, T. Kanamori, N. Kamo, M. Demura and K. Nitta, Biochemistry, 2002, 41, 2452-2458. 

3. F. Neugebauer, Leaflet, Calbiochem Corporation, San Diego, CA, 1990, 1990. 

4. J. M. Neugebauer, Methods Enzymol, 1990, 182, 239-253. 

5. H. Durchschlag, A. Tardieu and V. Luzzati, Springer, Berlin, 1986, 45-128. 

6. J. V. Moller and M. le Maire, J Biol Chem, 1993, 268, 18659-18672. 

7. M. D. Suarez, A. Revzin, R. Narlock, E. S. Kempner, D. A. Thompson and S. Ferguson-Miller, J Biol 

Chem, 1984, 259, 13791-13799. 

8. T. VanAken, S. Foxall-VanAken, S. Castleman and S. Ferguson-Miller, Methods Enzymol, 1986, 125, 

27-35. 

9. M. Aoudia and R. Zana, J Colloid Interface Sci, 1998, 206, 158-167. 

10. B. Vulliez-Le Normand and J. L. Eisele, Anal Biochem, 1993, 208, 241-243. 

11. J. A. Reynolds and D. R. McCaslin, Methods Enzymol, 1985, 117, 41-53. 

12. M. le Maire, A. Viel and J. V. Moller, Anal Biochem, 1989, 177, 50-56. 

13. R. J. Robson and E. A. Dennis, J. Phys. Chem., 1977, 81, 1075-1078. 

14. C. Tanford, Y. Nozaki, J. A. Reynolds and S. Makino, Biochemistry, 1974, 13, 2369-2376. 

15. C. Sardet, A. Tardieu and V. Luzzati, J Mol Biol, 1976, 105, 383-407. 

16. H. Kaimoto, K. Shoho, S. Sasaki and H. Maeda, J. Phys. Chem., 1994, 98, 10243-10248. 

17. K. W. Hermann, Methods Enzymol, 1962, 66, 295-300. 

18. D. Lichtenberg, R. J. Robson and E. A. Dennis, Biochim Biophys Acta, 1983, 737, 285-304. 

19. M. Kolbe, H. Besir, L.-O. Essen and D. Oesterhelt, Science, 2000, 288, 1390-1396. 

20. A. Ward, C. L. Reyes, J. Yu, C. B. Roth and G. Chang, Proc Natl Acad Sci, 2007, 104, 19005-19010. 

21. S. Ravaud, G. Stjepanovic, K. Wild and I. Sinning, J Biol Chem, 2008, 283, 9350-9358. 

22. A. Saaf, M. Monne, J. W. de Gier and G. Von Heijne, J Biol Chem, 1998, 273, 30415-30418. 

23. M. F. Sanner, A. J. Olson and J. C. Spehner, Biopolymers, 1996, 38, 305-320. 

Supplementary Material (ESI) for Molecular BioSystems
This journal is (c) The Royal Society of Chemistry, 2010


