N\

CellFree Sciences

The natural power of wheat driving science

.

A

rfgrm'&ncé\’\geill-Fré}é Wheat Germ Protein Expression System

\

Application Note

New BD reaction format for expression of membrane proteins and direct preparation of
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Abstract

Membrane proteins are the most important drug targets we have today. However, studies on those proteins remain

difficult as the preparation of recombinant membrane proteins offers many challenges. These challenges can be

addressed by using the Proteoliposome BD Expression Kit and new BD (“bilayer-dialysis”) reaction format for the
direct preparation of proteoliposomes in a simple cell-free protein expression reaction in the presence of added

liposomes made from asolectin.
Introduction

Nearly a third of all eukaryotic genes encode
membrane proteins [1], many functioning as essential
drug targets [2]. Only G protein-coupled receptors
(GPCRs) are targeted today by about 40-50% of all
marketed drugs [3]. Despite their importance,
studying membrane proteins remains slow, largely
because their extraction from biological samples and
their expression as recombinant proteins s
complicated [4]. The overexpression of membrane
proteins in cell-based expression systems is limited by
toxicity to the cell host. Furthermore, membrane
proteins tend to form insoluble aggregates when they
are not embedded into a lipid bilayer. However, for
functional protein analysis or use as antigens
recombinant proteins are required.

For long proteoliposomes have been used to study
membrane proteins, where the proteins are
integrated into the lipid bilayer of liposomes
(artificially-prepared spherical lipid wvesicles) [5].
Integration into liposomes supports proper folding of
transmembrane domains and hence makes it more

likely to obtain also active proteins. Early studies on
membrane biogenesis and signaling peptides
indicated, that cell-free protein expression systems in
combination with lipids or membrane vesicles
isolated from biological samples can be used to
express and analyze membrane proteins [6, 7].
Several membrane proteins were studied in this way
including a functional lactose permease that could be
prepared combining inverted membrane vesicles
from E. coli with an E. coli cell-free expression system
[8]. When the inverted membrane vesicles were
added cotranslationally to the protein expression
reaction, the lactose permease was found in the
membrane fraction rather than as a soluble protein.
Further analysis showed that the lactose permease
assembled into the isolated membrane vesicles in a
native and functional configuration. As shown for the
potassium channel KcsA, the assembly of protein
complexes in a cell-free system can be dependent on
the lipid composition [9-11]. The higher protein yields
of new cell-free protein expression systems [12] like
the wheat germ system from CFS offer now promising
options for large-scale production of membrane
proteins [13].
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New BD reaction format

Among eukaryotic cell-free protein expression
systems, wheat germ derived extracts [14] provide
the highest protein yields as compared to extracts
from rabbit reticulocytes or insect and human cell
lines. The wheat germ system was used successfully
for the preparation of many membrane proteins [15-
19], including the preparation of a functional Shaker
potassium channel [20], the preparation of isotope-
labeled transmembrane proteins for targeted
proteomics [21], and the preparation of monoclonal
antibodies against different GPCRs [22, 23]. Many
different lipids and detergents have been tested in
combination with the wheat germ system [19, 24, 25].
However, asolectin, a mixture of natural,
polyunsaturated phospholipids from soybeans, is
used for decades for preparing proteoliposomes [26]
and is presently probably the best option for working
on a large variety of different membrane proteins.

To assist studies on membrane proteins, CFS offers
the ProteoLiposome BD Expression Kit combining our
High Performance WEPRO®7240 wheat germ system
with lyophilized liposomes prepared from asolectin.
After rehydration those liposomes can be directly
used in the translation reaction, thus avoiding the use
of any organic solvents involved in liposome
preparations. After completion of the protein
expression experiment, proteoliposomes can easily
be isolated by a centrifugation step providing
sufficient purity for many applications including
immunization of animals for antibody production.

The Proteoliposome BD Expression Kit uses the new
BD (“bilayer and dialysis”) reaction format, which was
developed for high-yield preparation of
proteoliposomes [23]. The BD reaction format
combines our bilayer protein expression method with
a dialysis reaction for a more efficient buffer
exchange and feeding of the translation reaction with
fresh amino acids and energy supply. At the same
time, dialysis is used to remove inhibitors of the
translation reaction thus allowing for high protein
expression rates. Under these conditions, dialysis
reactions can be maintained for up to three days
without a need to exchange the feeding buffer.
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Figure 1: SDS-PAGE analysis of GPCRs expressed in a Bilayer and BD
translation reaction. Equal amounts of the crude reaction mixtures
were loaded along with a BSA standard for quantification.

During our tests on the expression of several
membranes proteins, we found that the new BD
reaction format yields up to four times the protein
amounts of a standard bilayer reaction of the same
size (Figure 1, and data shown in Table 1). The 2.5 ml
standard BD expression reaction yields for example
for the G Protein-Coupled Taste Receptor T1R1 over
500 pg of protein in the purified proteoliposome
fraction. The protein yields for all proteins in the
experiment were estimated from the SDS-PAGE
shown in Figure 1 by reference to the BSA standard
and are given in Table 1 below:

1 CHRM2 78 163
2 GHSR 156 539
3 PTGER1 121 293
4 GHRHR 165 767
5 GPR56 236 669
6 FZD7 235 514
7 GABBR1 167 552
8 T1R1 161 520

Table 1: Comparison of protein yields from Bilayer and Bilayer-
Dialysis translation reactions; data taken from SDS-PAGE shown in
Figure 1.

As shown in Figure 2, BD reactions are easy to setup
and require no further attention until the expression
reaction is completed. The Proteoliposome BD
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Expression Kit provides all necessary reagents to
perform six preparative 2.5 ml BD reactions.
Additional reagents are provided with the kit to
further allow for small-scale expression experiments
for testing expression vectors prior to scaling up the
reaction size; CFS can further provide a protocol to
perform BD reactions on a 0.5 ml scale using the same
kit format. The smaller 0.5 ml format can also be used
for screening the expression of different membrane
proteins into proteoliposomes.
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Figure 2: Setup of BD reaction. First place dialysis cup into 50 ml
tube holding reaction buffer. Second, setup the bilayer translation
reaction in the dialysis cup as shown in the upper panel. Then put
lid onto tube with dialysis cup and conduct translation reaction for
up to 3 days.

A membrane protein expression experiment on the
BD format requires only few steps: The ORF (“open
Reading Frame”) for the protein of interest should be
cloned into expression vector pEU-EQ1-MCS, which
has a SP6 promoter to drive the RNA expression and
a dedicated translation enhancer for the wheat germ

system. After cloning, any new expression vector
should first be tested for protein expression using the
bilayer format without added liposomes described in
the BD kit manual or using the 0.5 ml BD reaction
format with added liposomes. Once protein
expression from the vector has been confirmed, a 2.5
ml BD reaction can be set up for the preparation of
proteoliposomes. The BD kit manual provides
directions on how the proteoliposomes can be
isolated from the crude reaction mixture after the
completion of the translation reaction. Enriched
proteoliposomes are collected in a PBS buffer for
further analysis and storage. Protein expression
should be confirmed by SDS-PAGE. Membrane
proteins obtained from the proteoliposomes are
commonly pure enough to conduct activity testing or
to prepare antibodies.

Conclusion

With the Proteoliposome BD Expression Kit, CFS
wants to give scientists easy access to membrane
proteins for further analysis and characterization. The
lyophilized liposomes can be purchased separately,
where we also offer biotinylated liposomes for use in
screening assays. We hope these products will help
studying membrane proteins for a better
understanding of their role in life and possible use for
the development of new therapies.
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Follow us on Twitter (@CFSciences) for up-to-date information on new publications, products
and the use of our expression system.

CFS is certified under 1ISO 9001:2015. - CFS products and services are for research purpose only. - Refer to our homepage at
http://www.cfsciences.com/eg/ for more information on our products and services, or contact us directly at tech-sales@cfsciences.com.


http://www.cfsciences.com/eg/
mailto:tech-sales@cfsciences.com

