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Fig. 2: Experimental validation of the FuN Screen by fluorescence spectroscopy in microtitre 

plates. The expression of different nanopores S2168, T4 holin, and KCVNTS is induced with 

IPTG which subsequently triggers a strong increase in the fluorescent signal for S2168 and 

the T4 holin, but not KCVNTS demonstrating that an influx of Ca2+ correlates with the 

functional properties of a nanopore. The fluorescent signal can be reversed by adding 

EDTA. 
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Fig. 3: Experimental validation of the FuN Screen assay principle by fluorescence 

microscopic measurements following incubation of cells in a microfluidic incubation chamber. 

(A) Correlating the developing fluorescent signal for S2168 holin, the T4 holin and KCVNTS 

channel with cellular physiology at single cell resolution, which demonstrates that cellular 

integrity remains intact upon expression of S2168 and the KCVNTS channel, but not the T4 

holin; (B) Quantitative comparison of the developing fluorescent signal averaged across the 

microfluidic incubation chamber. In contrast to KCVNTS, the expression of the S2168 and the 

T4 holin trigger a rapid increase in the fluorescent signal demonstrating the functional 

specificity of the FuN Screen read-out. 
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Fig. 4: Structural organisation of the S2168 holin. (A) Primary structure of the S2168 holin. 

Transmembrane regions are denoted in red while cytoplasmic and periplasmic regions are 

denoted in grey. (B) Simplified mechanism of nanopore formation by S2168. Upon 

expression and reaching a critical concentration in the inner membrane, the N-terminal 

transmembrane domain (TMD1) flips across the inner membrane to initiate the assembly of 

defined heptameric nanopores stabilizing it in the membrane. 
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Fig. 5: Probing the contribution of N-terminal residues in the formation and stability of S2168 

nanopores. (A, B) Summary of T½ for systematic substitutions of D2 and K3. Substitution of 

D2 is largely insensitive to mutations. In contrast, all substitutions of K3 except Arg lead to 

an acceleration of nanopore formation highlighting the role of positive charges which anchor 

the N-terminus in the cytoplasm and delay the formation of nanopores; (C, D) Summary of 

EDTA quench experiments for systematic substitutions of D2 and K3; D2 is largely 

insensitive to mutations. In contrast, hydrophilic substitutions of K3 maintain the stability of 

nanopore while hydrophobic substitutions form less stable nanopores as judged by 

prolonged EDTA quench rates. The time required to quench the fluorescent signal was 

defined as the time required for the fluorescent signal to drop to the base level (identified 

manually); (E, F) Representative kinetic traces of EDTA quench experiments. For the wild-

type S2168 as well D2 substitutions, the signal is quenched immediately upon addition of 5 

mM EDTA while substitutions of K3 with Val and Trp prolonged the quenching time. 
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Fig. 6: Delineating the minimal pore-forming motif of S2168. (A) Summary of T½ for 

systematic N-terminal truncations. Following deletion of K3 the ability to form nanopores is 

enhanced before deletion of a hydrophobic patch starting with truncation mutant S2122-68; 

(B) Summary of EDTA quench experiments for N-terminal truncations looking to assess the 

stability of truncation mutants independent of expression, insertion and activation kinetics. 

Following deletion of K3, truncation mutants are destabilised as judged by a prolonged time 

to quench the fluorescent signal upon addition of EDTA; The time required to quench the 

fluorescent signal was defined as the time required for the fluorescent signal to drop to the 

base level (identified manually); (C) Representative kinetic traces of EDTA quench 

experiments. For the wild-type S2168 the signal is quenched immediately upon addition of 5 

mM EDTA. 
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Fig. 7: Electrophysiological characterisation of the S2168 holin and selected truncation 

mutants. (A) Summary of representative electrical recordings; The closed and open states 

are indicated as C and O; (B) The average current of individual truncation mutants correlates 

with the T½   observed in the FuN Screen as S2110-68 enables on average the greatest 

conductivity. The average current of a single 5 sec -100 mV or +100 mV protocol is indicated 

by a blue dot and orange lines mark the median. 
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