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APPLICATION NOTE

Abstract
The majority of small-molecule drugs target multi-
spanning membrane proteins. However, it's been 
difficult to generate functional monoclonal antibodies 
(mAbs) against these targets. Only few mAbs have 
been approved for this important class of drug targets 
that involves GPCRs, Ion Channels and Transporters. 

The key to make functional mAbs is to use pure, 
stable, homogeneous antigen for immunization, mAb 
selection/sorting and for in vitro HTS characterization. 

The Salipro® technology enables all of the above for 
fragile membrane protein targets. In addition, Salipro® 
represents a validated approach for membrane 
protein epitope mapping by cryo-EM. Working with 
Salipro® allows to unlock entirely novel opportunities 
in drug discovery and antibody development.
 

Salipro Biotech collaborates with Top20 
pharma company

In this study, an Ion Channel (IC) was reconstituted 
into Salipro® particles (Salipro-IC) according to 
previously published protocols (see references). 
Usually, membrane proteins are inherently unstable 
and difficult to purify in a detergent environment. 
Furthermore, the presence of detergent may 
complicate immunisation and impair subsequent steps 
in the mAb discovery workflow.

To address this problem,  we developed the proprietary 
Salipro® technology that allows the reconstitution 
of membrane proteins into a lipid nano-membrane 
environment (Frauenfeld et al., 2016, Lyons et al., 2017, 
Chien et al., 2017, Flayhan et al. 2018, Kintzer et al., 
2018, Nguyen et al., 2018; Kanonenberg et al., 2019). 

Monoclonal antibodies against 
native multispanning membrane 
proteins with Salipro®

FIGURE 1: Reconstitution of membrane proteins into 
Salipro® particles - Antigen generation. 
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FIGURE 2: Adjuvant-free Immunisation. An ion channel was 
reconstituted into Salipro® particles (Salipro®-IC) and used 
for subcutaneous (SC) injection without adjuvants.
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The Salipro® technology allows to stabilise, analyse 
and visualise membrane proteins in a native lipid 
environment (Figure 1). Membrane proteins embedded 
in the Salipro® system show increased thermostability 
and increased half-life while preserving functionality 
of the drug target (Frauenfeld et al., 2016, Chien et al., 
2017, Flayhan et al., 2018, Kanonenberg et al., 2019). 

The Salipro® technology can be applied to membrane 
proteins of all classes from a wide range of cell types 
and is now frequently used in academic and industry 
laboratories worldwide.

Results
Here, we demonstrate how multi-spanning membrane 
proteins in lipid Salipro® particles can be used for the 
generation and development of membrane protein 
specific mAbs. 
To evaluate the potential of the Salipro® technology 
in mAb discovery, mice were immunized according to 
the scheme in Figures 2 and 3, without adjuvants. One 
group of mice received Salipro-IC as antigen, while a 
control group received Salipro lipid-only particles that 
did not contain the Ion Channel. Animals were bled 
prior to immunization and one week after the third 
immunization dose. Sera were analyzed using Salipro-
IC coated ELISA plates and a strong Ion Channel 
specific IgG response could be demonstrated post 
immunization (Figure 4).

B cells were harvested from the spleen of Salipro-
IC immunized mice and FACS was used to sort for 
activated and class switched B cells. 

Salipro-IC particles were then used as full-length Ion 
Channel probe to sort single B cells that specifically 
bound to the native membrane protein. 

Here, biotin labelling at the Salipro scaffold protein 
allowed formation of streptavidin fluorescent Salipro-
IC particles (Salipro-IC/SA-PE, Figure 5). Moreover, 
the scaffold protein of empty Salipro particles was 
covalently labeled with Alexa Fluor 647 (empty Salipro-
AF647) and used as a control to distinguish between 
Ion Channel and scaffold protein B cell interaction 
(Figure 5). Live and class-switched B cells were first 
incubated with 20 nM empty Salipro-AF647 particles, 
followed by the addition of 2 nM Salipro-IC/SA-PE 
particles.
 
FACS analysis revealed that the Ion Channel in the 
Salipro-IC/SA-PE particles bound specifically to a 
population of the B cells, enabling sorting of Ion 
Channel specific B cells (Figure 6).

FIGURE 3: Immunisation via SC injection of Salipro®-IC. 
Empty (lipid-only) Salipro® particles were used as 
immunization control. 

FIGURE 4: IgG serology was analyzed using Salipro-IC coated 
ELISA plates
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FIGURE 5: Fluorescent labelling of the Salipro® scaffolds, 
resulting in Salipro-AF647 for empty particles and Salipro-IC/
SA-PE for particles containing the Ion Channel. 

FIGURE 6: Single B-cell sorting, clear separation of cell 
populations via FACS.
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Furthermore, single sorted B cells were seeded into 
cell culture wells. Initially 1065 wells were cultured, and 
detectable levels of IgG were seen in 345 of the wells 
(Figure 7), confirming antigen specfic single cell sorting 
of antibody producing and live B cells as source for 
subsequent mAb cloning steps. IgG expression levels 
from the putative mAb clones are shown in table 1.

This study demonstrates how the Salipro® technology 
enables mAb generation and discovery using purified 
and native membrane proteins. The mAb discovery 
workflow for multi-spanning membrane proteins 
(GPCRs, Ion Channels, Transporters) becomes as 
straight-forward as when working with soluble 
proteins. 

Summary

The Salipro® technology makes it possible to work with 
membrane proteins as pure, soluble, and native nano-
membrane entities without the presence of disruptive 
detergents. As shown in this study, fluorescently 
labelled Salipro® particles enable single B cell sorting 
using a purified and native multi-spanning membrane 
protein. 345 Ion Channel specific mAb leads could be 
generated using Salipro® in combination with standard 
immunization and single B cell sorting methodology.

Membrane proteins in Salipro® can be used as 
immunization antigen, as fluorescent bait (or probe) 
to sort antigen specific B cells and for in vitro HTS 
experiments using the full-length and functional 
membrane protein at all stages. In addition, Salipro® 
represents a validated approach for epitope mapping 
in combination with cryo-EM (Figure 8). In summary, 
Salipro® unlocks novel opportunities in mAb discovery. 

References
•  Frauenfeld, J., Loving, R., Armache, J-P., Sonnen, A. F-P., Guettou, F., 

Moberg, P., Zhu, L., Jegerschold, C., Flayhan, A., Briggs, J.A.G., Garoff, 
H., Löw, C., Cheng, Y., and Nordlund, P. (2016) A saposin-lipoprotein 
nanoparticle system for membrane proteins. Nature Methods. 13, 345-
351.

•  Lyons, J.A., Bøggild, A., Nissen, P., and Frauenfeld, J. (2017). Saposin-
lipoprotein scaffolds for structure determination of membrane 
transporters. Zoe Kruze ed. Methods in enzymology. (Elsevier Inc.). 
594, pp 85-99.

•  Chien, C.-T., Helfinger, L. R., Bostock, M. J., Solt, A., Tan, Y. L., and 
Nietlispach, D. (2017). An adaptable phospholipid membrane mimetic 
system for solution NMR studies of membrane proteins. J. Am. Chem. 
Soc. 139, 14829-14832.

•  Flayhan A, Mertens HDT, Ural-Blimke Y, Martinez Molledo M, Svergun 
DI, Löw C. (2018) Saposin Lipid Nanoparticles: A Highly Versatile and 
Modular Tool for Membrane Protein Research. Structure 26(2):345-
355.e5.

•  Nguyen NX, Armache JP, Lee C, Yang Y, Zeng W, Mootha VK, Cheng Y, 
Bai XC, Jiang Y. (2018). Cryo-EM structure of a fungal mitochondrial 
calcium uniporter. Nature. 559(7715):570-574

•  Kintzer AF, Green EM, Dominik PK, Bridges M, Armache JP, Deneka 
D, Kim SS, Hubbell W, Kossiakoff AA, Cheng Y, Stroud RM. (2018) 
Structural basis for activation of voltage sensor domains in an ion 
channel TPC1. Proc Natl Acad Sci USA, Sep 25;115(39)

•  Kanonenberg K, Smits SHJ, Schmitt L. (2019) Functional 
Reconstitution of HlyB, a Type I Secretion ABC Transporter, in 
Saposin-A Nanoparticles. Sci Rep. 10;9(1):8436

0

100

N
um

b
er

of
sa

m
p

le
s

60

80

40

20

IgG (ng/ml)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

FIGURE 7: Sorted B cells produce IgGs in culture. 345 out 
of 1065 wells expressed detectable levels of IgG (32.4%)

Antibody generation against 
a full-length membrane 
protein within a native lipid 
environment: 

”Salipro®- it works like a soluble 
protein” 

Antibody Fab

Membrane protein

TABLE 1: . IgG quantification from 345 Ion Channel specific 
mAb lead cultures.

Salipro
scaffold
Saposin

IgG quant n
% of IgG 
positive

% of total

< 1 ng/ml 4 1.2 0.3

> 1 ng/ml < 10 ng/ml 82 23.8 7.7

> 10 ng/ml < 20 ng/ml 69 20 6.5

> 20 ng/ml < 50 ng/ml 116 33.6 10.9

> 50 ng/ml < 100 ng/ml 57 16.5 5.4

> 100 ng/ml 18 5.2 1,7

FIGURE 8: Epitope mapping with Salipro® and cryoEM. 
Structure of a membrane protein (orange) embedded in a 
lipid Salipro® environment (blue), with two Fab fragments 
bound (green) (Kintzer et al., 2018)


