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ADVANTAGES:
Different cell-free IVTT kits are available
commercially to suit the protein being
studied or can be made for low cost
in-house.

IVTT kits can be used to measure co-
translational folding yield and the topology
of inserted helices; the structure formation
can be measured as it occurs.

IVTT kits are easily tuneable by changing
the membrane mimetic (lipids, detergent,
or nanodiscs), fluorescent labels, radio-
active or heavy labelled amino acids, or
unnatural amino acids.

Difficult-to-express or toxic proteins can
be studied.

Folding and insertion can be efficient
when unaided, but folding chaperones
and insertion apparatus can be added of
omitted as desired, with for example the
inclusion of the Escherichia coli translocon
SecYEG.

There is a high yield of expression relative
to reaction size.

Early stages of folding and insertion can
be accessed without the need for
purification.

CHALLENGES:

ss
Classic in vitro folding studies of membrane protein folding use overexpressed protein that has been purified and
unfolded using chemical denaturants. However, this cannot replicate folding in the cell, which occurs unidirection-
ally and co-translationally as the polypeptide emerges from the ribosome. To assess co-translational folding,
membrane proteins can be expressed using a cell-free in vitro transcription/translation (IVTT) system with a sup-
plied lipid bilayer. Folding is measured while synthesis occurs. A sucrose flotation gradient is used to separate
inserted from aggregated protein, and the amount of successfully inserted protein can be quantified by counting
incorporated [35S]methionine.
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Very small reaction sizes mean that ex-
periments with commercial kits can be-
come prohibitively expensive, but this
can be alleviated by making an IVTT ex-
tract in-house.

Purifying the protein of interest from the
IVTT components can be challenging,
leading to problems for structure and
function measurements.

Measuring the function of protein can be
difficult if there is not a sufficiently sensi-
tive functional assay.

Significant empirical optimisation can be
necessary for successful protein expres-
sion; this can involve altering the reaction
temperature, the supplied mimetic, or the
addition of insertion apparatus, such as
the translocon.
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Altering the lipid composition can give insight into how bilayer properties can aid or inhibit protein insertion and
folding in the bilayer. The protein can also be labelled at cysteine residues to assess the topology, and function
can be measured using a fluorescent assay.
d. https://doi.org/10.1016/j.tibs.2019.05.002 1

paula.booth@kcl.ac.uk
https://doi.org/10.1016/j.tibs.2019.05.002
https://doi.org/10.1016/j.tibs.2019.05.002
https://doi.org/10.1016/j.tibs.2019.05.002


Trends in Biochemical Sciences | Technology of the Month

Acknowledgements
We acknowledge funding from the European Research Council, ERC Advanced grant 294342 to P.J.B.
Literature
1. Harris, N.J. et al. (2017) Structure formation during translocon-unassisted co-translational membrane protein folding. Sci. Rep. 7, 8021

2. Harris, N.J. et al. (2018) Lipids modulate the insertion and folding of the nascent chains of alpha helical membrane proteins. Biochem. Soc. Trans. 46, 1355–1366

3. Findlay, H.E. et al. (2016) In vitro synthesis of a major facilitator transporter for specific active transport across droplet interface bilayers. Sci. Rep. 6, 39349

4. Henrich, E. et al. (2017) Analyzing native membrane protein assembly in nanodiscs by combined non-covalent mass spectrometry and synthetic biology. eLife 6,

e20954

5. Henrich, E. et al. (2016) Lipid requirements for the enzymatic activity of MraY translocases and in vitro reconstitution of the lipid II synthesis pathway. J. Biol. Chem. 291,

2535–2546

6. Rues, R.B. et al. (2016) Co-translational formation and pharmacological characterization of beta1-adrenergic receptor/nanodisc complexes with different lipid

environments. Biochim. Biophys. Acta 1858, 1306–1316

7. Roos, C. et al. (2013) Co-translational association of cell-free expressed membrane proteins with supplied lipid bilayers. Mol. Membr. Biol. 30, 75–89

8. Meijberg, W. and Booth, P.J. (2002) The activation energy for insertion of transmembrane alpha-helices is dependent on membrane composition. J. Mol. Biol. 319,

839–853

9. Allen, S.J. et al. (2004) Controlling the folding efficiency of an integral membrane protein. J. Mol. Biol. 342, 1293–1304

10. Lorch, M. and Booth, P.J. (2004) Insertion kinetics of a denatured alpha helical membrane protein into phospholipid bilayer vesicles. J. Mol. Biol. 344, 1109–1121
2 Trends in Biochemical Sciences, Month 2019, Vol. xx, No. xx © 2019 Elsevier Ltd. All rights reserved. https://doi.org/10.1016/j.tibs.2019.05.002

http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0005
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0010
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0015
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0020
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0020
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0025
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0025
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0030
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0030
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0035
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0040
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0040
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0045
http://refhub.elsevier.com/S0968-0004(19)30115-X/rf0050
https://doi.org/10.1016/j.tibs.2019.05.002

	Co-�Translational Protein Folding in Lipid Membranes
	Acknowledgements
	Literature


