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Refolding membrane proteins : what for ?
"fundamental" studies
(understand how these proteins adopt their native fold)

"practical" studies
(get the folded protein)



Structures of membrane proteins solved by solution NMR

Hiller & Wagner(2009). Curr Opin Struct Biol. 19:396-401.

An interesting statistic…



Membrane proteins

Popot, J.L. (2010). Ann. Rev. Biochem. In press
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Recombinant GPCRs

Lundstrom K. (2005). Structural genomics of GPCRs. Trends Biotechnol. 23, 103-8.



GPCR expression in E. coli

Functional expression:
NTS1 (MBP fusion; Grisshammer et al.

(1993) Biochem J.)
CB2 (MBP-TRX fusion; Yeliseev et al.

(2007) Prot. Exp. Purif.)

Expression in inclusion bodies:
OR5 (Kiefer et al. (1996) Biochemistry)
BLT1 (Banères et al. (2003). J. Mol. Biol.)
5-HT4a (Banères et al. (2005) J. Biol. Chem.)
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Accumulation in inclusion bodies

T7
(BLT1, Banères et al., 2003

V2R, Tian et al., 2005)

   GST
(OR5, Kiefer et al., 1996
Others, Kiefer et al., 2000;
2AG1, Song et al., 2009)

   KSI
(5-HT4(a), Banères et al., 2005),
BLT1, BLT2)

NK1
(Bane et al., 2007)

   α5

PIR
(BLT2, 5-HT4(a))



Integrin α5 fragment

21.5 kDa

31.0 kDa
α5

Banères et al. (1998). J Biol Chem. 273:24744-53.
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BLT1, 0.8% SDS
Superdex 200HR

BLT1 solubilization 



Chaotropic 
agent 

detergent other Aggregation 
(Ragg) 

urea (8M) - - 22 

- SDS 0,2% - 3,7 

- SDS 0,4% - 1,3 

- SDS 0,6% - 1,2 

 Sarcosyl 1% - 4,2 

- DDM 1 mM - 8,9 

urea (6M) SDS 0,4% - 1,4 

- DPC - 6,3 

urea (6M) Sarcosyl 1% - 6,6 

- SDS 0,6% Glycerol 10% 1,1 

- - CHCl3/MeOH 0,5 

 

 

5-HT4(a) solubilization

Refolding yield: 6%

Refolding yield: 16%

Refolding yield: 0.6%



Production

Solubilization

Refolding/renaturation

Functional assays

Purification



Refolding



SDS-"unfolded" state of the protein

SDS

bacteriorhodopsin
Dahmane (2007). Ph. D Thesis.
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BLT1

µ-opioid receptor
(Muller et al. (2008). J Membr Biol. 223:49-57.)



Detergent-assisted BLT1 refolding

N
i-
N
TA

 a
ga

ro
se

~30%

~50%

detergent
+ lipids

detergent
+ lipids Banères et al. (2003). J Mol Biol. 329:801-14.



Detergent-assisted bacteriorhodpsin refolding

Dahmane T. (2007). Ph. D thesis



Detergent-assisted BLT1 refolding

Banères et al. (2003). J Mol Biol. 329:801-14.



Effect of detergent concentration (1)

Dahmane T. (2007). Ph. D thesis

Bacteriorhodopsin



Effect of detergent concentration (2)

Banères et al. (2003). J Mol Biol.
329:801-14.



Amphipol-assisted β-barrel protein refolding

Pocanschi et al. (2006). Biochemistry 45:13954-61

Denatured protein in urea

Addition of amphipol A8-35

dilution



Amphipol-assisted bacteriorhodopsin refolding

Pocanschi et al. (2006). Biochemistry 45:13954-61

Denatured protein in SDS

Addition of amphipol A8-35

Precipitation of SDS by addition of KCl
Centrifugation – Dialysis of supernatant



Denatured GPCR in SDS

Addition of amphipol A8-35 (± lipids)

Precipitation of SDS by addition of KCl
Centrifugation – Dialysis of supernatant

Assay for specific ligand binding

Folding of leukotriene
BLT1 receptor

~30%

~50%

detergent
+ lipids

detergent
+ lipids

Amphipol-assisted BLT1 refolding

Dahmane et al. (2009). Biochemistry 48:6516-21.
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Folding of leukotriene
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Dahmane et al. (2009). Biochemistry 48:6516-21.



Amphipol-assisted BLT1 refolding

Dahmane et al. (2009). Biochemistry 48:6516-21.
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Protein:amphipol ratio and refolding efficiency

Folding of bacteriorhodopsinFolding of leukotriene
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What happens during refolding

protein in denaturant (SDS, urea…) refolding protein in amphipol "bubble"

transfer 

to amphipols

Intermolecular associations
aggregates

aberrant intramolecular associations
misfolding

native-like intramolecular associations
native structure

protein/surfactant interactions
inactive protein

Pocanschi et al. (2006). Biochemistry 45:13954-61



What happens during refolding: bacteriorhodopsin

Dahmane, T. (2007). Ph. D thesis

native-like intramolecular
associations

(native structure)

protein in denaturant refolding protein in amphipol
"bubble"

transfer 

to amphipols

Intermolecular associations
(aggregates)

aberrant intramolecular associations
(misfolding)protein/surfactant interactions

(inactive protein)

SDS
SDS+Apol (30 min.)
SDS+Apol (70 min.)
SDS+Apol (135 min.)

SDS
after SDS prec. (20 min.)
after SDS prec. (30 min.) 
after SDS prec. (40 min.)
after SDS prec. (60 min.)



What happens during refolding: GHSR1a

protein in denaturant refolding protein in amphipol
"bubble"

transfer 

to amphipols

Intermolecular associations
(aggregates)

aberrant intramolecular associations
(misfolding)protein/surfactant interactions

(inactive protein)

native-like intramolecular
associations

(native structure)



Assessing refolding efficiency

protein in denaturant refolding protein in amphipol
"bubble"

transfer 

to amphipols

Intermolecular associations
(aggregates)

aberrant intramolecular associations
(misfolding)protein/surfactant interactions

(inactive protein)

native-like intramolecular
associations

(native structure)

?



Assessing refolding efficiency



Solubility as an indicator of refolding

protein in denaturant (SDS, urea…) refolding protein in amphipol "bubble"

transfer 

to amphipols

Intermolecular associations
aggregates

aberrant intramolecular associations
misfolding

native-like intramolecular associations
native structure

protein/surfactant interactions
inactive protein
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Secondary structure as an indicator of refolding

protein in denaturant (SDS, urea…) refolding protein in amphipol "bubble"

transfer 

to amphipols

Intermolecular associations
aggregates

aberrant intramolecular associations
misfolding

native-like intramolecular associations
native structure

protein/surfactant interactions
inactive protein



Amphipol-assisted β-barrel protein refolding

Pocanschi et al. (2006). Biochemistry 45:13954-61



Circular dichroism of folded and  "unfolded" membrane proteins

1% SDS

0% SDS

Na+ channel
Charalambous et al. (2007)

BBA 1788, 1279-1286

SDS
after SDS prec. (20 min.)
after SDS prec. (30 min.) 
after SDS prec. (40 min.)
after SDS prec. (60 min.)

Bacteriorhodopsin
Dahamane (2007)

EmrE
Miller et al. (2009)
J Mol Biol. 393:815-32



Function as an indicator of refolding

protein in denaturant (SDS, urea…) refolding protein in amphipol "bubble"

transfer 

to amphipols

Intermolecular associations
aggregates

aberrant intramolecular associations
misfolding

native-like intramolecular associations
native structure

protein/surfactant interactions
inactive protein



SPR-based functional assays

Navratilova et al. (2005). Anal Biochem. 339:271-81.

Charvolin et al. (2009) Proc Natl Acad Sci USA 106:405-10.
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