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J.-‐L.	  Popot	  &	  co-‐workers	  

Tribet	  et	  al.	  (1996)	  PNAS,	  93,	  15047	  

SMA	  
M.	  Overduin	  &	  T.	  Dafforn	  

n	  

⇒ Different	  hydrophobic	  groups	  between	  A8-‐35	  and	  SMA	  

Design	  of	  the	  cycloalkane-‐modified	  amphiphilic	  polymers	  

What	  role	  the	  hydrophobic	  cycles	  play	  in	  the	  
membrane-‐solubilizing	  proper)es	  of	  polymers?	  

Knowles	  et	  al.	  (2009)	  JACS,	  131,	  7484-‐5	  

Aroma:c	  rings	  Octyl	  chains	  



Design	  of	  the	  cycloalkane-‐modified	  amphiphilic	  polymers	  

⇒ Synthesis	  of	  a	  new	  family	  of	  polymers,	  called	  “CyclAPols”	  

C6-C2-50 C8-C0-50 A8-50 

n	  =	  8	  
n	  =	  6	  

m	  =	  2	   m	  =	  0	  

APol	  of	  reference:	  

Cn-Cm-y 

Nomemclature used for the CyclAPols: 
n = number of carbon atom forming the ring 
 

m = number of carton atoms between the cycle and the 
amid bound 
 

Y = level of grafting of hydrophobic moieties 

Marconnet	  et	  al.	  (2020)	  Biomacromolecules,	  21,	  3459-‐67	  
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⇒ Higly	  soluble	  
	  

⇒ UV-‐compa:bility	  

Characteriza:on	  of	  the	  CyclAPols	  

Saturated	  cycles	  

Unsaturated	  cycles	  



⇒ Higly	  soluble	  
	  

⇒ UV-‐compa:bility	  
	  

⇒ Membrane-‐solubilizing	  proper:es	  

Characteriza:on	  of	  the	  CyclAPols	  

-  bacterial membranes (Escherichia coli) 

-  purple membrane (Halobacterium salinarum) 

Ø  Biological membranes: Ø  Target membrane proteins: 

-  YidC 
-  Bacteriorhodopsin (BR) 

-  BR 



Characteriza:on	  of	  the	  CyclAPols	  

1. Extraction performed with the plasma membranes of E. coli 
 1.1. Overexpression of YidC-GFP 

Kumazaki et al., Scientific Reports (2014) 

YidC-GFP overexpressed in E. coli plasma membrane 
(62 kDa + 27 kDa) 
TM domain: 6 α helix 
Function: insertase 

Ultracentrifugation 
(30 min at 100,000 xg) 

In-gel detection 
of the fluorescence 

Insoluble material 
in the pellet 

Solubilized YidC-GFP 

Membrane in 
suspension 

APols 

After 1 h at 4°C 

Total protein/APol 
ratio of 1:1 (w/w) 

Protocol: 
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Characteriza:on	  of	  the	  CyclAPols	  

Experimental conditions 
[polymer] = 0.2% 
Buffer: 20 mM Tris-HCl, 150 mM NaCl pH 8.0 
Incubation 1 hour at 4°C 
Ultracentrifugation 100,000 xg for 30 min 

Quantification of YidC-GFP 
in the supernatants after 1h 

1. Extraction performed with the plasma membranes of E. coli 
 1.1. Overexpression of YidC-GFP 

Kinetics of YidC-GFP extraction 

Direct extraction using CyclAPols is the most 
efficient as compared to the other polymers 



1. Extraction performed with the plasma membranes of E. coli 
 1.2. Overexpression of BR from Haloquadratum walsbyi (HqwBR) 

Characteriza:on	  of	  the	  CyclAPols	  

BR 	  

Lipids	  

Bacteriorhodopsin (27 kDa) 
TM domain: 7 α helices 
Function: Proton pump 
Cofactor: retinal 

Absorbance 
measurement at 554 nm 

Insoluble material 
in the pellet 

Solubilized BR in 
the supernatant 

APols 

Membrane in 
suspension 

Ultracentrifugation 
(30 min at 100,000 xg) 

After 4 h at RT 

Total protein/APol 
ratio of 1:1 (w/w) 

Protocol: 



Characteriza:on	  of	  the	  CyclAPols	  

1. Extraction performed with the plasma membranes of E. coli 
 1.2. Overexpression of BR from Haloquadratum walsbyi (HqwBR) 

Experimental conditions 
[polymer] = 0.2% 
Buffer: 20 mM Tris-HCl, 150 mM NaCl pH 8.0 
Incubation 4 hour at RT 
Ultracentrifugation 100,000 xg for 30 min 

SMA (2:1) SMA (3:1) C6-C2-50 C8-C0-50 A8-50 A8-35 DDM SMA (2:1) SMA (3:1) C6-C2-50 C8-C0-50 A8-50 A8-35 DDM 

Quantification of HqwBR in the supernatants 
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Characteriza:on	  of	  the	  CyclAPols	  

SMA (2:1) SMA (3:1) C6-C2-50 C8-C0-50 A8-50 A8-35 DDM SMA (2:1) SMA (3:1) C6-C2-50 C8-C0-50 A8-50 A8-35 DDM 

1. Extraction performed with the plasma membranes of E. coli 
 1.2. Overexpression of BR from Haloquadratum walsbyi (HqwBR) 

Quantification of HqwBR in the supernatants 

Experimental conditions 
[polymer] = 0.2% 
Buffer: 20 mM Tris-HCl, 150 mM NaCl pH 8.0 
Incubation 4 hour at RT 
Ultracentrifugation 100,000 xg for 30 min 
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Sonication 

Pure E. coli 
membrane 

DMPC 

30 min 

Total protein/DMPC 
ratio of 1:0.5 (w/w) 

Protocol 2: 
Broecker et al., Structure (2017) 

DMPC-fused 
E. coli 

membrane 



Characteriza:on	  of	  the	  CyclAPols	  

Kinetics of HqwBR extraction 
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1. Extraction performed with the plasma membranes of E. coli 
 1.2. Overexpression of BR from Haloquadratum walsbyi (HqwBR) 

Quantification of HqwBR 
in the supernatants 

Unlike SMA (3:1), the CyclAPols are not better 
solubilizers in the presence of exogeneous lipids 
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2. Extraction performed with the purple membranes of Halobacterium salinarum 
 2.1. Natural expression of BR (HbsBR) 

Characteriza:on	  of	  the	  CyclAPols	  

BR 	  

Lipids	  

Bacteriorhodopsin (27 kDa) 
TM domain: 7 α helices 
Function: Proton pump 
Cofactor: retinal 

Ultracentrifugation 
20 min, 200,000 xg 

Absorbance 
measurement at 554 nm 

Insoluble material 
in the pellet 

Solubilized BR in 
the supernatant 

DMPC-fused 
purple membrane 

APols 

Sonication 

Pure purple 
membrane 

DMPC 

30 min 

Variation of 
BR/DMPC ratios 

Variation of 
BR/APol ratios 

After OVN at 25°C 

Protocol 2: 
Knowles et al., JACS (2009) 



Characteriza:on	  of	  the	  CyclAPols	  

Extraction of HbsBR from DMPC-fused purple membrane upon addition of the polymers 

A8-35 A8-50 SMA(2:1) SMA(3:1) C8-C0-50 C6-C2-50 DIBMA 

�

�

��

��

��

��

���

�

���

���

���

��	


������

�����
�����

��������

�

�

��

��

��

��

���

�

��	 � ��	

��������

�
�
�
��
�
��
	
��


��
�

�
�

�
�
�


�
��
�
�

����	

�

�

���	�

��
��
������
����������������������

�

�

������	�

�

��	 � ��	

������	�

The CyclAPols are less sensitive 
to the addition of exogeneous 

lipids than SMA (3:1) 

*	  

*	  

*	  

*	  
*	  

*	  



Characteriza:on	  of	  the	  CyclAPols	  
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Size exlcusion chromatography 

The CyclAPol-extracted BR is smaller 
and less heterogeneous than the 

objects formed with SMA (3:1) 



⇒ Higly	  soluble	  
	  

⇒ UV-‐compa:bility	  
	  

⇒ Membrane-‐solubilizing	  proper:es	  
	  

⇒ Membrane	  protein	  stability	  

Characteriza:on	  of	  the	  CyclAPols	  
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Experimental conditions 
Buffer: 20 mM NaPi, 100 mM NaCl pH 7.0 
Incubation at 50°C The CyclAPol-extracted BR is 

more stable than in SMA (3:1) 



	  
ü  	  Cyclic	  hydrophobic	  moie:es	  in	  APols	  enable	  to	  solubilize	  all	  

types	  of	  protein	  and	  membranes	  
	  
	  =>	  This	  would	  result	  most	  likely	  from	  a	  lower	  propensity	  of	  the	  
polymer	  to	  self-‐assemble,	  making	  the	  hydrophobic	  groups	  more	  
available	  to	  interact	  with	  the	  membranes	  
	  
	  
	  
ü  The	  CyAPols	  present	  the	  advantages	  over	  SMAs	  to	  be:	  

	  -‐	  UV-‐transparent	  
	  -‐	  efficient	  at	  lower	  polymer	  concentra:ons	  
	  -‐	  less	  sensi:ve	  to	  the	  addi:on	  of	  exogeneous	  lipids	  
	  -‐	  beger	  stabilizer	  for	  some	  membrane	  proteins	  

Conclusions	  
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