
Technical Bulletin 140

Amphipol A8-35: Amphipathic Polymer for  
Membrane Protein Studies
Amphipols are a new class of polymers that serve as stabilizers of membrane proteins in aqueous solutions. In gen-
eral, amphipols are used to replace detergents after the solubilization step. Membrane proteins trapped in amphipols 
are soluble in detergent-free, aqueous solutions and biochemically stabilized(1-4).

Amphipol A8-35 from Anatrace® is the most thoroughly characterized amphipol and is becoming widely used for 
membrane protein research. It consists of a strong hydrophilic polyacrylate chain onto which octylamine and isopro-
pylamine have been randomly grafted(1, 5, 6) (Figure 1A). Amphipol A8-35 is highly water-soluble (> 200 gm/lt depending 
on pH, ionic strength of the solutions, and the concentration of divalent cations)(5-7). The high solubility is due to the 
anionic charges (~12 per molecule) carried by the carboxylate groups. The average molecular mass of individual A8-35 
molecules is ~4.3 kDa(8). In aqueous solutions (pH > 7.0), Amphipol A8-35 self-assembles into globular particles, each 
comprising ~9 average A8-35 molecules, with an average mass of ~ 40 kDa and a Stokes radius of ~ 3.15 nm(6) (Figure 
1B). The critical aggregation concentration is so low (~ 0.002 g/L)(9) as to be negligible under most circumstances(3, 4).

Due to its amphipathic character, Amphipol A8-35 is able to “trap” solubilized membrane proteins by adsorbing onto 
their hydrophobic transmembrane surface, stabilizing their native structure and preserving their functionality(2-4).

CH2 CH CH2 CH CH2 CH
x y z

NaO O HN O OHN

X = 0.35, Y = 0.25, Z = 0.40
Figure 1A

Figure 1B

Applications
Although its detergency is too weak to effectively extract 
and solubilize most membrane proteins (for some 
exceptions, see ref. 2), Amphipol A8-35 has been very 
successfully used to replace the detergent after the solu-
bilization step and handle the extracted proteins in their 
native state in detergent-free solutions. For a detailed 
protocol of a trapping procedure, see ref. 10 (Figure 2) 
shown on page 2. To date, amphipols have been used to 
trap more than three dozen different types of membrane 
proteins reviewed in ref. 11, ranging in molecular weight 
from 5 kDa to > 1MDa. Small proteins, like bacteriorho-
dopsin, may bind ~ 50 kDa of amphipols(12), the mass of 
amphipol bound increasing slowly with the size of the 
transmembrane region(11). The protein/amphipol com-
plexes thus formed are slightly larger than those formed 
with classical detergents(12, 13). Although there can be 
exceptions(7, 14) in most cases, trapping by Amphipol 
A8-35 affects neither the binding of ligands or substrates 
nor the functionality of membrane proteins(12, 15-17). A list 
of applications is given in Table 1 (shown on page 3).
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Figure 2. An example of trapping procedure. Figure reproduced from 
“NMR study of a membrane protein in detergent-free aqueous solution.” 
(2005) Proc. Natl. Acad. Sci. USA, 102, 8893-8898, Zoonens, M., Catoire, L. J., 
Giusti, F. and Popot, J.-L. Copyright (2005) National Academy of Sciences, 
U.S.A.
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32. Cvetkov, T. L., Huynh, K. W., Cohen, M. R., Moiseenkova-Bell, V. Y. (2011) J. Biol. 

Chem. 286, 38168-38176.
33. Liao, M., Cao, E., Julius, D., Cheng, Y. (2013) Nature 504, 107-112.
34. Cao, E., Liao, M., Cheng, Y., Julius, D. (2013) Nature 504, 113-118.
35. Flötenmeyer, M., Weiss, H., Tribet, C., Popot, J.-L. and Leonard, K. (2007) J. 

Microsc. 227, 229-235.
36. Arunmanee, W., Harris, J. R., Lakey, J. H. (2014). Outer membrane protein F 

stabilized with minimal amphipol forms linear arrays and LPS-dependent 2D 
crystals. J. Membr. Biol., DOI 10.1007/s00232-014-9640-5.

37. Della Pia, E. A., Holm, J., Lloret, N., Le Bon, C., Popot, J.-L., Zoonens, M.,  
Nygård, J., Martinez, K. L. (2014) ACS Nano 8, 1844-1853.

38. Le Bon, C., Della Pia, E. A., Giusti, F., Lloret, N., Zoonens, M., Martinez, K. L., 
Popot, J.-L. (2014). Synthesis of an oligonucleotide-derivatized amphipol and 
its use to trap and immobilize membrane proteins. Nucleic Acids Res., DOI: 
10.1093/nar/gku250

39. Bechara, C., Bolbach, G., Bazzacco, P., Sharma, S. K., Durand, G., Popot, J.-L., 
Zito, F., Sagan, S. (2012) Anal. Chem. 84, 6128-6135.

40. Polovinkin, V., Gushchin, I., Balandin, T., Chervakov, P., Round, E., Schevchenko, 
V., Popov, A., Borshchevskiy, V., Popot, J.-L., Gordeliy, V. (2014). High-resolution 
structure of a membrane protein transferred from amphipol to a lipidic 
mesophase. J. Memb. Biol., in press.

41. Nagy, J. K., Kuhn Hoffmann, A., Keyes, M. H., Gray, D. N., Oxenoid, K., Sanders, C. 
R. (2001) FEBS Lett. 501, 115-120.

42. Tifrea, D., Pal, S., Cocco, M. J., Popot, J.-L., de la Maza, L. M. (2014). Increased 
immuno accessibility of MOMP epitopes in a vaccine formulated with 
amphipols may account for the very robust protection elicited against a vaginal 
challenge with C. muridarum. J. Immunol., in press.



A N A T R A C E

434 W. Dussel Drive, Maumee, OH 43537 | P: 800.252.1280 | 419-740-6600 | F: 419-740-6630 | E: customerservice@anatrace.com | W: anatrace.com

For research use only. Not for use in diagnostic procedures.
© 2014 Anatrace Products, LLC. All rights reserved. 
Anatrace is a registered trademark of Anatrace Products, LLC. All other trademarks are the property of their respective owners.

Table 1. Applications of Amphipol A8-35 to membrane protein studies.
For a more complete bibliography, see ref. 11 and http://tinyurl.com/amphipolbibliography.

Application Benefits Example of studies
Stabilization Reducing inactivation by the detergent and preserving membrane protein 

native structure, most likely due to limitation of hydrophobic sink, preser
vation of MP/lipid interactions, and damping of transmembrane domain 
conformational excursions

Bacteriorhodopsin(12)

Ca2+-ATPase(7, 14)

GPCRs(15)

cytochrome bc1 complex(18)

MOMP(19)

Functional studies 
and ligand binding

Avoiding functional perturbations by detergents such as most MPs are 
functional in APols, but the enzymatic cycle of the calcium ATPase is slowed 
down, possibly due to damping of large-scale transmembrane conforma
tional changes. Ligand binding is generally unperturbed.

Bacteriorhodopsin(12)

nicotinic acetylcholine receptor(16)

GPCRs(15)

Ca2+-ATPase(7, 14)

Folding/Refolding Amphipol A8-35 is a mild surfactant which provides a favorable environment 
for proteins to fold or refold from denatured state.

OmpA(20, 21), FomA(20), OmpT(22) and PagP(22)

Bacteriorhodopsin(20, 23)

GPCRs(12)

NMR Stabilizing the native structure of membrane proteins by amphipols facili-
tates working for extended periods at relatively high temperature. Note, 
however, that membrane protein/Amphipol A8-35 complexes cannot be 
handled at acidic pH. Addition of EDTA improves the spectra.

OmpX(24, 25)

transmembrane β-barrel of OmpA(26)

BR(27, 28)

GPCRs(29)

MOMP(30)

Electron microscopy
(Cryo-EM)

Stabilizing native structure and/or conformational changes of membrane 
proteins and supercomplexes that are easily disrupted by detergent. Mito-
chondrial Complex I/Amphipol A8-35 particles were observed to spread bet-
ter than Complex I/detergent ones in cryo-EM single-particle experiments.

mitochondrial respirasome(31)

TRPA1(32), TRPV1(33, 34)

mitochondrial Complex I(35)

Bacteriorhodopsin(12)

OmpF(36)

Immobilization of 
membrane proteins 
onto solid supports

Appropriate functionalization of Amphipol A8-35 turns it into a sort of 
double-faced tape that can be used to anchor amphipol-trapped mem-
brane proteins onto solid surfaces such as chips or beads for ligand binding 
studies.

nicotinic acetylcholine receptor,
Bacteriorhodopsin, cytochrome b6f com-
plex, cytochrome bc1 complex, detection 
of antibodies or toxin binding by SPR or 
fluorescence measurements(17, 37, 38)

Light spectroscopy UV and visible absorption, fluorescence, CD and SR-CD spectroscopies can 
all be used. All current APols interfere with IR absorption spectroscopy in the 
amide band region, but resonance Raman spectroscopy is accessible.

Bacteriorhodopsin(4, 12)

Mass spectrometry MALDI-TOF, ESI-MS and ESI-IMS-MS have all been validated. Subunits and 
lipids can be detected, and the folded and unfolded states of the proteins 
distinguished. A8‑35 facilitates whole-proteome trypsinolysis and identifica
tion of tryptic peptides.

OmpT and PagP(22)

Bacteriorhodopsin, cytochrome b6f com-
plex, cytochrome bc1 complex, tOmpA(39)

Delivery of membrane 
proteins to pre-
existing membranes

Amphipol A8‑35 can be used to transfer membrane proteins to lipidic meso-
phases where they crystallize. Also, amphipols do no lyse target membranes 
(lipid vesicles or black films, cell plasma membrane) and can, therefore, be 
used to deliver to them hydrophobic cargoes. Note that amphipols will re
main associated to the target membrane.

Bacteriorhodopsin(40)

OmpA(20)

DAGK(41)

Vaccination Stabilizing membrane proteins used as immunogenes. Co-delivering them 
along with amphipol-bound or co-trapped adjuvants. The A8‑35-trapped 
major outer membrane protein (MOMP) from Chlamydia trachomatis offers 
a much better protection to vaccinated mice than its detergent-solubilized 
counterpart.

MOMP(19, 42)


