Application Report

Large Molecules: Wnt signal activation
Optimization of a large molecule assay

Summary
• It was possible to obtain both manual and automated patch

clamp (APC) recordings of the labile and scarce Wnt proteins
(350-400 AA, 35-45 kDa) after thorough optimisation of
com-pound handling.
• Here we highlight aspects of handling of Wnt proteins opti-

mised for APC testing, which could also be applied to other
large molecules (e.g. toxins, peptides, antibodies).

Introduction

Wnt-peptides (350400 AA, ~35-45kDa)

currents by elevating intracellular Ca2+ and trigger Ca2+ release
from intracellular stores. Wnt-ligands have significant implications
for gene transcription, and open novel avenues to modulate this
critical pathway3, 7.
Large molecule handling
Wnt proteins (Fig.1) are in the class of large molecules (>1
kDa, also known as biologics), a molecule class that has gained
attention due to its mode of action, often achieving greater
target specificity and potency than small molecule drugs. This,
however, comes at a cost. Often, these molecules are expensive
and scarce and can have unwanted polyreactivity (“stickiness”).
Additionally, they are more sensitive to their environment, as
their three-dimensional structure is key to their function and is
based on multiple weak bonding interactions.
Here, we show the importance of optimising not only the APC
assay but also the compound handling and demonstrate how
the QPatch (and Qube) accommodates the testing of labile and
scarce large molecules like Wnt proteins.

Results and discussion
Wnt 9B on QPatch 48

Fig. 1: Wnt comprises a diverse family of secreted signaling glycoproteins that
are 350–400 amino acids in length.

Wnt proteins control membrane potential
Wingless-related integration site (Wnt) ligands are conserved,
cysteine-rich secreted proteins that act as close-range signalling
molecules. Wnt signal activation initiates a complex downstream
signal cascade in eukaryotic cells and is critical in development
and many diseases, including cancer1,2, Wnt-ligands activate K+
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The first evaluation in both manual patch clamp (MPC) and APC
using Wnt 9B addition to the recording environment resulted in
variable and small responses in PC3 cells (Fig. 2, left). This was,
however, later shown to be due to the molecule instability: after
intense optimisation of the compound handling workflow, it was
easily possible to observe a prominent and significant Wnt9B
dependent increase in K+ conductance (Fig. 2, right and Fig. 3).
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Storage, handling and surface of consumables

A.

Several factors need to be considered when handling large,
complex molecules.
1. QPlate: Minimised compound adsorption
The microfluidic channels connecting the extracellular liquid inlet to the patch site are covered with a layer of pure, hydrophilic
glass, which minimises compound adsorption. Additionally, the
channel design allows solution exchange using volumes as low
as 3 µL, thereby limiting compound usage4.

B.

2. Compound handling
The three-dimensional structure is key to their function for large
molecules and relies on other, weaker interactions than covalent
bonds. This renders these compounds extremely sensitive to
their environment, and necessitating low storage temperatures
(-20°C or -80°C), gentle handling conditions and reduced handling times and temperatures (e.g. on ice).

C.

3. Solubility

Fig. 2: Optimization of compound handling enables evaluation of the Wnt
signaling pathway in both manual patch (top) and automated patch clamp
(middle/bottom). Left (A-C): recordings before optimization of compound
handling. Right (A-C): recordings after optimization of compound handling.
(A) Manual patch clamp data: Wnt 9B induced current elicited by Wnt
addition. B1+B2) QPatch data: Current measured at +80 mV plotted against
time. (C) Raw current traces elicited by a voltage ramp with and without Wnt
9B.

Where Wnt is water-soluble, other large molecule compounds
are of a highly lipophilic nature and can be difficult to keep in
an aqueous solution. However, with an organic solvent such as
DMSO and/or pluronic acid, it is possible to ensure the compound is maintained in solution when applied to the recording
environment. Pluronic acid can form micelles, a process that has
been shown in literature to be dependent on the pluronic acid
variant, temperature, and concentration5.
For more information on large molecule handling optimisation
for APC recordings, please contact your application specialist or
email: info@sophion.com.
Wnt 5A and 10B signal activation

Wnt 9B

Not only Wnt 9B, but also the two Wnt proteins, 5A and 10B,
were shown to activate currents in PC3 cells (see Fig. 4A and
4B, respectively).

Fig. 3: The current measured at 100 mV upon stimulation with Wnt 9B
increased several folds by optimizing the compound handling (From 0.3 nA +/0.15 nA to 2.5 nA +/- 0.8 nA, n = 21 and 18, respectively. p <0.0001).
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Wnt on Qube 384
A.

As for the QPlate, the microfluidic channels of the QChip have
been optimised to minimise compound adsorption. Consequently, it was also possible to monitor Wnt 5A signal activation on
the Qube 384. See Fig. 5.

Methods
Cells

B.

PC3 is a prostate cancer cell line obtained from the American
Type Culture Collection (ATCC) and cultured in RPMI 1640 (Invitrogen, Paisley, UK) medium containing 5 mM L-glutamine and
fetal bovine serum as described previously6.
Manual patch clamp
From Ashmore et al., 20197. Cells were grown on sterile 13
mm-diameter glass coverslips (Thermo Fisher Scientific, Paisley,
UK), and recordings were made using an Axon 200B amplifier
(Molecular Devices, Sunnyvale, CA, USA). Cells were held at 0
mV, and no series resistance or capacitance compensation was
used. The coverslips were placed in a 1.5 ml bath continuously
perfused with extracellular solution at 37°C. For more info, see
Ashmore et al., 20197.
Automated patch clamp

Fig. 4: Wnt 5A and 10B on QPatch 48. PC3 current amplitude over time in
the absence or presence of A) 1.9 nM Wnt 5A and B) 3.5 nM Wnt 10B. As for
Figure 2, a ramp protocol was applied with peak currents measured at +80 mV.

QPatch: On the day of the experiment, cells were trypsinized
according to Sophion standard procedures, and after harvest,
the cell suspensions were prepared by the automated cell
preparation. The cells were measured in parallel (with individual
amplifiers), with a gigaseal achieved in >90% of the cells. The
mean capacitance of a typical sample of 48 stably recorded
(>20 min) cells was 29.1 pF, corresponding to a spherical cell 30
µm in diameter. For more info, see Ashmore et al., 20197.
Qube 384: After minor adjustments, mainly in the whole-cell
protocol, the QPatch assay was transferred to the Qube.

Fig. 5: Qube 384 recordings of PC3 cells activated by Wnt proteins after
optimisation of compound handling. PC3 current amplitude over time in the
absence or presence of 3.5 nM Wnt 5A. As for Figure 2, a ramp protocol was
applied. Currents measured at +80mV.
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peptide/toxin characterisation also see below incomplete list
of references, contact our application scientists or visit our
publication database at https://sophion.com/knowledge-center/
publications/.
1. Agwa AJ, Blomster L V, Craik DJ, King GF, Schroeder CI. Efficient Enzymatic
Ligation of Inhibitor Cystine Knot Spider Venom Peptides: Using Sortase A To
Form Double-Knottins That Probe Voltage-Gated Sodium Channel Na(V)1.7.
Bioconjug Chem. 2018 Oct;29(10):3309–19.
2. Agwa AJ, Tran P, Mueller A, Tran HNT, Deuis JR, Israel MR, et al. Manipulation of a spider peptide toxin alters its affinity for lipid bilayers and potency
and selectivity for voltage-gated sodium channel subtype 1.7. J Biol Chem.
2020;295(15):5067–80.
3. Chow CY, Chin YK-Y, Walker AA, Guo S, Blomster L V, Ward MJ, et al. Venom
Peptides with Dual Modulatory Activity on the Voltage-Gated Sodium Channel
NaV1.1 Provide Novel Leads for Development of Antiepileptic Drugs. ACS
Pharmacol Transl Sci. 2019 Feb 14;3(1):119–34.
4. Deuis JR, Dekan Z, Wingerd JS, Smith JJ, Munasinghe NR, Bhola RF, et al.
Pharmacological characterisation of the highly NaV1.7 selective spider venom
peptide Pn3a. Nat Sci Reports. 2017;7(January):1–19.
5. Gonçalves TC, Benoit E, Kurz M, Lucarain L, Fouconnier S, Combemale S,
et al. From identification to functional characterisation of cyriotoxin-1a, an
antinociceptive toxin from the spider Cyriopagopus schioedtei. Br J Pharmacol.
2019;176(9):1298–314.
6. Gonçalves TC, Boukaiba R, Molgó J, Amar M, Partiseti M, Servent D, et al.
Direct evidence for high affinity blockade of NaV1.6 channel subtype by
huwentoxin-IV spider peptide, using multiscale functional approaches. Neuropharmacology . 2018;133:404–14.
7. Inserra MC, Israel MR, Caldwell A, Castro J, Deuis JR, Harrington AM, et al.
Multiple sodium channel isoforms mediate the pathological effects of Pacific
ciguatoxin-1. Nat Sci Reports. 2017;7(January):1–19.
8. Israel MR, Thongyoo P, Deuis JR, Craik DJ, Vetter I, Durek T. The E15R Point
Mutation in Scorpion Toxin Cn2 Uncouples Its Depressant and Excitatory Activities on Human NaV1.6. J Med Chem . 2018 Feb 22;61(4):1730–6.
9. Jin AH, Israel MR, Inserra MC, Smith JJ, Lewis RJ, Alewood PF, et al. δ-conotoxin SuVIA suggests an evolutionary link between ancestral predator defence
and the origin of fish-hunting behaviour in carnivorous cone snails. Proc R Soc
B Biol Sci. 2015;282(1811).
10. Klint JK, Chin YKY, Mobli M. Rational engineering defines a molecular switch
that is essential for activity of spider-venom peptides against the analgesics
target NaV1.7. Mol Pharmacol. 2015;88(6):1002–10.
11. Prashanth JR, Hasaballah N, Vetter I. Pharmacological screening technologies
for venom peptide discovery. Neuropharmacology . 2017;127:4–19.
12. Robinson SD, Mueller A, Clayton D, Starobova H, Hamilton BR, Payne RJ, et
al. A comprehensive portrait of the venom of the giant red bull ant, Myrmecia
gulosa, reveals a hyperdiverse hymenopteran toxin gene family. Sci Adv.
2018;4(9):1–13.
13. Shcherbatko A, Rossi A, Foletti D, Zhu G, Bogin O, Casas MG, et al. Engineering highly potent and selective microproteins against NaV1.7 sodium channel
for treatment of pain. J Biol Chem. 2016;291(27):13974–86.
14. Sousa SR, Wingerd JS, Brust A, Bladen C, Ragnarsson L, Herzig V, et al. Discovery and mode of action of a novel analgesic ß-toxin from the African spider
Ceratogyrus darlingi. PLoS One. 2017;12(9):1–22.
15. Tran HNT, Tran P, Deuis JR, Agwa AJ, Zhang AH, Vetter I, et al. Enzymatic Ligation of a Pore Blocker Toxin and a Gating Modifier Toxin: Creating
Double-Knotted Peptides with Improved Sodium Channel NaV1.7 Inhibition.
Bioconjug Chem . 2020 Jan 15;31(1):64–73.
16. Yang DC, Deuis JR, Dashevsky D, Dobson J, Jackson TNW, Brust A, et al. The
snake with the scorpion’s sting: Novel three-finger toxin sodium channel
activators from the venom of the long-glanded blue coral snake (calliophis
bivirgatus). Toxins (Basel). 2016;8(10):1–21.

Sophion

4

