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Automated patch-clamp assay  
for a “putative” ion channel: APOL1

Elena Sirtori 1, Anna Mondini 1, Lucia Azzollini 1, Victoria Assimon 2, Maarten Hoek2, Eric Green 2,  
Loredana Redaelli 1 and Jean-Francois Rolland 1

1. Axxam S.p.A., Via Meucci 3, 20091 Bresso (Milan), Italy.   2. Maze Therapeutics, 171 Oyster Point Blvd, Suite 300, South San Francisco, CA 94080, USA.

Introduction
•	Apolipoprotein L1 (APOL1) is a human serum protein conferring resistance to African trypanosomes by forming  

a cation-selective Na+-K+ channel, but additionally it has been reported to conduct Ca2+. Variants of APOL1,  
G1 and G2 have been linked to Chronic Kidney Disease (CKD). CKD affects approximately 37 million people in the 
U.S., with more than 700,000 patients suffering from end-stage renal disease (ESRD), that may require chronic dialysis.  
Despite a strong association between APOL1 variants and risk of kidney disease, the underlying mechanism  
for potential kidney damage is not well-understood. 

•	Accordingly, there are currently no approved therapies that address APOL1-associated CKD, and individuals with APOL1 
risk variants with CKD represent a significant unmet medical need. Consequently, the search for APOL1 modulators remains 
challenging but crucial. 

•	Here we present data collected on the QPatch showing the development of an assay for APOL1, from construct generation 
to adaptation to an automated patch clamp system. 

APOL1 polymorphism

Stable pool analysis and protocol optimization 

The full-length coding sequence of the APOL1 G0, G1 and G2 were synthesized and cloned into suitable 
mammalian expression vector. We engineered HEK-293 for expressing the targets and functionally 
selected stable clones expressing APOL1 by means of a dose response to Ca2+, which was detected by 
increase in Ca2+-sensitive fluorescence using a FLIPR-TETRA instrument. To exclude any endogenous  
non-specific response, a related mock clone was generated in parallel. 

qPCR analysis in stable pools

1° Limiting dilution results

APOL1 clones:  
electrophysiology characterization

Conclusions
•	APOL1-pore forming activity was demonstrated by QPatch 

analysis. APOL1 currents were reversibly inhibited by acidic 
solutions (pH 5.2) and Gadolinium.

•	An HTS-compatible assay was developed using both 
fluorescence (FLIPR) and electrophysiology (QPatch)  
platforms for the screening of new inhibitors of APOL1 
channel activity.

•	As multiple lines of evidence are consistent with the 
pathophysiology role of overexpression and function  
of APOL1 channel, inhibition of APOL1 pore-forming 
activity should alleviate renal disease in risk allele carriers.

APOL1-G0        MEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQQNVPSGTDTGDPQSKPLGDWAAGTM 
APOL1-G1        MEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQQNVPSGTDTGDPQSKPLGDWAAGTM 
APOL1-G2        MEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQQNVPSGTDTGDPQSKPLGDWAAGTM 
Reference       MEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQQNVPSGTDTGDPQSKPLGDWAAGTM 
                ************************************************************ 
 
APOL1-G0        DPESSIFIEDAIKYFKEKVSTQNLLLLLTDNEAWNGFVAAAELPRNEADELRKALDNLAR 
APOL1-G1        DPESSIFIEDAIKYFKEKVSTQNLLLLLTDNEAWNGFVAAAELPRNEADELRKALDNLAR 
APOL1-G2        DPESSIFIEDAIKYFKEKVSTQNLLLLLTDNEAWNGFVAAAELPRNEADELRKALDNLAR 
Reference       DPESSIFIEDAIKYFKEKVSTQNLLLLLTDNEAWNGFVAAAELPRNEADELRKALDNLAR 
                ************************************************************ 
 
APOL1-G0        QMIMKDKNWHDKGQQYRNWFLKEFPRLKSKLEDNIRRLRALADGVQKVHKGTTIANVVSG 
APOL1-G1        QMIMKDKNWHDKGQQYRNWFLKEFPRLKSELEDNIRRLRALADGVQKVHKGTTIANVVSG 
APOL1-G2        QMIMKDKNWHDKGQQYRNWFLKEFPRLKSELEDNIRRLRALADGVQKVHKGTTIANVVSG 
Reference       QMIMKDKNWHDKGQQYRNWFLKEFPRLKSELEDNIRRLRALADGVQKVHKGTTIANVVSG 
                *****************************:****************************** 
 
APOL1-G0        SLSISSGILTLVGMGLAPFTEGGSLVLLEPGMELGITAALTGITSSTIDYGKKWWTQAQA 
APOL1-G1        SLSISSGILTLVGMGLAPFTEGGSLVLLEPGMELGITAALTGITSSTIDYGKKWWTQAQA 
APOL1-G2        SLSISSGILTLVGMGLAPFTEGGSLVLLEPGMELGITAALTGITSSTIDYGKKWWTQAQA 
Reference       SLSISSGILTLVGMGLAPFTEGGSLVLLEPGMELGITAALTGITSSTMDYGKKWWTQAQA 
                ***********************************************:************ 
 
APOL1-G0        HDLVIKSLDKLKEVKEFLGENISNFLSLAGNTYQLTRGIGKDIRALRRARANLQSVPHAS 
APOL1-G1        HDLVIKSLDKLKEVKEFLGENISNFLSLAGNTYQLTRGIGKDIRALRRARANLQSVPHAS 
APOL1-G2        HDLVIKSLDKLKEVKEFLGENISNFLSLAGNTYQLTRGIGKDIRALRRARANLQSVPHAS 
Reference       HDLVIKSLDKLKEVREFLGENISNFLSLAGNTYQLTRGIGKDIRALRRARANLQSVPHAS 
                **************:********************************************* 
 
APOL1-G0        ASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVSFFLVLDVVYLVYESKHLH 
APOL1-G1        ASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVGFFLVLDVVYLVYESKHLH 
APOL1-G2        ASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVSFFLVLDVVYLVYESKHLH 
Reference       ASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVSFFLVLDVVYLVYESKHLH 
                *****************************************.****************** 
 
APOL1-G0        EGAKSETAEELKKVAQELEEKLNILNNNYKILQADQEL 
APOL1-G1        EGAKSETAEELKKVAQELEEKLNMLNNNYKILQADQEL 
APOL1-G2        EGAKSETAEELKKVAQELEEKLNILNN--KILQADQEL 
Reference       EGAKSETAEELKKVAQELEEKLNILNNNYKILQADQEL 
                ***********************:***  ********* 
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• All the clones showed a proper dose-response correlation in pharmacological response to Calcium, 
specific for APOL1 expression 

• Mock signal not detected  
• Three clones for each variant were selected for further analysis 

Clones selected  
for further analysis: 
 
 
 K1, K2 and K7 (G0) 

 
 
 
 
 
 

 K5, K7 and K8 (G1) 
 
 
 
 
 

 
 K4, K5 and K6 (G2) 

2° Limiting dilution results
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Assay configuration 
Single-hole 
6h induction with doxycycline 10 ng/mL 
 
Voltage protocol 
1s-long ramp from -80 to +60 mV (HP 0 mV) 
APOL1 current defined as acid (pH 5.2)-sensitive 
current obtained by digital trace subtraction 
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No functional APOL1 expression detected in the 
absence of doxycycline. 

-80 -60 -40 -20 20 40 60

-800

-400

400

800

+ Doxycycline

pH 7.2
pH 5.2
NMDG (pH 7.2)I  

(p
A)

Vm  (mV)

-80 -60 -40 -20 20 40 60

-800

-400

400

800

- Doxycycline

pH 7.2
pH 5.2

I  
(p

A)

Vm  (mV)

2 4 6 8 10

-1000

-500

0

500

1000

Gadolinium
IT-plot

time (min)

pA

CTRL
1 µM Gd3+
10 µM Gd3+
100 µM Gd3+
1000 µM Gd3+
1000 µM Gd3+ (pH 5.2)

-100 -50 50 100

-1000

-500

500

1000

Gadolinium
current traces

pA

CTRL
1 µM Gd3+
10 µM Gd3+
100 µM Gd3+
1000 µM Gd3+
1000 µM Gd3+ (pH 5.2)

Vm  (mV)

Gadolinium wash-out protocol 

0

20

40

60

80

100

Gd3+ (60mV)

%
 re

co
ve

ry 1°wash

2°wash

n=4

3°wash

4°wash

2 4 6 8 10

-1500

-1000

-500

0

500

1000

Gd3+
IT-plot

time (min)

pA

vehicle
vehicle
IC80 (pH 7.2)
wash
wash
wash
wash
IC80 (pH 5.2)

0

20

40

60

80

100

%
 re

co
ve

ry
(4

° w
as

h-
ou

t s
te

p)

-80mV
+60mV

n=4
0

20

40

60

80

100

%
 in

hi
bi

tio
n

-80mV
+60mV

n=4

0

20

40

60

80

100

Gd3+ (-80mV)

%
 re

co
ve

ry 1°wash

2°wash

n=4

3°wash

4°wash

0

20

40

60

80

100

       

%
 re

co
ve

ry 1°wash (-80mV)

2°wash (-80mV)

n=4

1°wash (60mV)

2°wash (60mV)

pH 7.2 – pH 5.2 reversibility  
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Figure A
[Madhavan and Buck, 2021. The Relationship between APOL1 Structure and Function:  

Clinical Implications]
Figure B

FLIPR Tetra High-Throughput Cellular Screening System, Molecular Devices
Figure C

Automated patch clamp system, QPatch 48X, Sophion Bioscience

APOL1-G0        MEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQQNVPSGTDTGDPQSKPLGDWAAGTM 
APOL1-G1        MEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQQNVPSGTDTGDPQSKPLGDWAAGTM 
APOL1-G2        MEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQQNVPSGTDTGDPQSKPLGDWAAGTM 
Reference       MEGAALLRVSVLCIWMSALFLGVGVRAEEAGARVQQNVPSGTDTGDPQSKPLGDWAAGTM 
                ************************************************************ 
 
APOL1-G0        DPESSIFIEDAIKYFKEKVSTQNLLLLLTDNEAWNGFVAAAELPRNEADELRKALDNLAR 
APOL1-G1        DPESSIFIEDAIKYFKEKVSTQNLLLLLTDNEAWNGFVAAAELPRNEADELRKALDNLAR 
APOL1-G2        DPESSIFIEDAIKYFKEKVSTQNLLLLLTDNEAWNGFVAAAELPRNEADELRKALDNLAR 
Reference       DPESSIFIEDAIKYFKEKVSTQNLLLLLTDNEAWNGFVAAAELPRNEADELRKALDNLAR 
                ************************************************************ 
 
APOL1-G0        QMIMKDKNWHDKGQQYRNWFLKEFPRLKSKLEDNIRRLRALADGVQKVHKGTTIANVVSG 
APOL1-G1        QMIMKDKNWHDKGQQYRNWFLKEFPRLKSELEDNIRRLRALADGVQKVHKGTTIANVVSG 
APOL1-G2        QMIMKDKNWHDKGQQYRNWFLKEFPRLKSELEDNIRRLRALADGVQKVHKGTTIANVVSG 
Reference       QMIMKDKNWHDKGQQYRNWFLKEFPRLKSELEDNIRRLRALADGVQKVHKGTTIANVVSG 
                *****************************:****************************** 
 
APOL1-G0        SLSISSGILTLVGMGLAPFTEGGSLVLLEPGMELGITAALTGITSSTIDYGKKWWTQAQA 
APOL1-G1        SLSISSGILTLVGMGLAPFTEGGSLVLLEPGMELGITAALTGITSSTIDYGKKWWTQAQA 
APOL1-G2        SLSISSGILTLVGMGLAPFTEGGSLVLLEPGMELGITAALTGITSSTIDYGKKWWTQAQA 
Reference       SLSISSGILTLVGMGLAPFTEGGSLVLLEPGMELGITAALTGITSSTMDYGKKWWTQAQA 
                ***********************************************:************ 
 
APOL1-G0        HDLVIKSLDKLKEVKEFLGENISNFLSLAGNTYQLTRGIGKDIRALRRARANLQSVPHAS 
APOL1-G1        HDLVIKSLDKLKEVKEFLGENISNFLSLAGNTYQLTRGIGKDIRALRRARANLQSVPHAS 
APOL1-G2        HDLVIKSLDKLKEVKEFLGENISNFLSLAGNTYQLTRGIGKDIRALRRARANLQSVPHAS 
Reference       HDLVIKSLDKLKEVREFLGENISNFLSLAGNTYQLTRGIGKDIRALRRARANLQSVPHAS 
                **************:********************************************* 
 
APOL1-G0        ASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVSFFLVLDVVYLVYESKHLH 
APOL1-G1        ASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVGFFLVLDVVYLVYESKHLH 
APOL1-G2        ASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVSFFLVLDVVYLVYESKHLH 
Reference       ASRPRVTEPISAESGEQVERVNEPSILEMSRGVKLTDVAPVSFFLVLDVVYLVYESKHLH 
                *****************************************.****************** 
 
APOL1-G0        EGAKSETAEELKKVAQELEEKLNILNNNYKILQADQEL 
APOL1-G1        EGAKSETAEELKKVAQELEEKLNMLNNNYKILQADQEL 
APOL1-G2        EGAKSETAEELKKVAQELEEKLNILNN--KILQADQEL 
Reference       EGAKSETAEELKKVAQELEEKLNILNNNYKILQADQEL 
                ***********************:***  ********* 

150 228 255 342 384 388/389
G0 K I K S I NY
G1 E I K G M NY
G2 E I K S I --
Ref E M R S I NY

position (aa)

AP
O

L1
 v

ar
ia

nt

Variants
G0, wild type variant
G1 and G2, risk-associated variant
Ref, indicated by UniProt as «canonical»  
sequence (UniProt O14791, NCBI  
NP_003652.2)

•	 Incubating cells in pH 7.4 and keeping
	 pH7.4 in injection, activity of APOL1
	 was detectable.

•	 6-8h induction were the optimal 
	 timepoints to detect a signal avoiding 
	 toxicity

• 	 Uninduced cell lysates were collected in parallel to 6 hours induction
• 	 6-8 hours of induction: good expression levels of APOL1 G0, G1 and G2.

1

2

3

•	 Induction with Doxycycline 10 ng/ml 6 hours before test
•	 Calcium flux at FLIPRTETRA

•	 Data were exported as Response over Baseline  
	 (Baseline = timepoint before injection) and ranked as MAX RFU as Stimulated – Basal  
	 (Stimulated = 10 mM calcium stimulus on induced cells;  
	 Basal = 10 mM Calcium stimulus on uninduced cells)

•	 All the clones showed a proper dose-response correlation in pharmacological response to Calcium, 		
	 specific for APOL1 expression
•	 Mock signal not detected 
•	 Three clones for each variant were selected for further analysis

•	 Induction with Doxycycline 10 ng/ml 6 hours before test
•	 Calcium flux at FLIPRTETRA

•	 Data were exported as Response over Baseline (Baseline = timepoint before injection)  
	 and ranked as MAX RFU as Stimulated – Basal (Stimulated = 10 mM calcium stimulus on induced cells; 		
	 Basal = 10 mM Calcium stimulus on uninduced cells

•	 All the clones showed a proper dose-response correlation in pharmacological response to Calcium, 		
	 specific for APOL1 expression
•	 Low signal detected in uninduced cells
•	 Modulation of APOL1 expression after 4 and 6 hours of induction
•	 Selected clones with highest signal/background: K5.3 and K6.3 for G2; K7.1 for G1.

The APOL1 putative conductance was assessed by comparing the acid-sensitive currents  
in the presence of NaCl or NMDG-Cl.  The inward component was sensitive to Na+ replacement  
by NMDG, suggesting a mixed APOL1 conductance; no currents were measured  
in not-induced conditions.

The APOL1 cell-based assay was validated by electrophysiology automated patch clamp experiments 
assessing dose-response to Gadolinium and acid pH (pH 5.2), used to fully block APOL1 current. 
Selected clone was further optimized to make it suitable for high throughput screening. 

Total inhibition of APOL1 current after application of 0.2 mM Gadolinium.  
Wash-out: 52% and 60% of current recovery after four washing steps, at -80 and +60mV, respectively.

6h after induction in APOL1-G2-expressing cells, changing extracellular bath solution from pH 7.2  
to pH 5.2, an inhibition of channel current was observed, and it was reversed upon return  
to physiological pH. Acid extracellular pH suppressed APOL1 associated Ca2+ influx.

No spontaneous current reduction observed after application of up 0.5% DMSO.

Gadolinium wash-out protocol

pH 7.2 – pH 5.2 reversibility 

DMSO sensitivity
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