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Abstract Cyclic di-AMP (c-di-AMP) is a ubiquitous second messenger in prokaryotic cells. c-di-AMP can not only effec-
tively regulate various physiological processes such as cell growth, ion transport and cell wall metabolism balance, but also
trigger type I interferon response to inspire the body's immune response. Nanopore-based single molecule detection technol-
ogy is an emerging single molecule detection method which is currently applied to various fields since it has many ad-
vantages such as high speed, label-free, high sensitivity and low cost. Aerolysin is a robust biological nanopore with high
temporal resolution and high current resolution, which has achieved single oligonucleotide detection, polysaccharide analysis
and the studies of enzymolysis kinetics. Aerolysin nanopore is negatively-charged protein nanopore which has numerous
negatively charged amino acid residues around its cis entrances. The electrostatic repulsion between the negatively charged
c-di-AMP and negatively charged amino acid residues around the cis entrances prevents c-di-AMP entering the nanopore. In
this study, 1.0 mol/L LiCl was used as electrolyte solution to facilitate acrolysin analysis of single c-di-AMP molecule. Each
event can be characterized by two parameters, the current blockade, 7//;, and the blockade time, 7,4 The blockades are classi-
fied into two populations as PI and PII. The PI events are assigned to c-di-AMP that bump into the pore and then diffuse
away. PII events are assigned to traversing of c-di-AMP through the nanopore. Compared with potassium ions, lithium ion
can be more effectively to associate with the negative charges on the aerolysin nanopore surface and reduce the electrostatic
repulsion between the c-di-AMP molecule and the Aerolysin. The results showed that number of PI events in per minute was
significantly increased in 1.0 mol/L LiCl. The number of PI events in per minute in LiCl is 30 times than that in KCI at 90
mV. Hence, Aerolysin nanopore can be used as an ultrasensitive single molecule sensor for cyclic dinucleotides.
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c-di-AMP [I£E#I5; (c) 100 mV HE R c-di-AMP 7£ 1.0 mol/L LiCl
S AR R BEET HIRE S5 (d) 100 mV BE R c-di-AMP £ 1.0
mol/L KCl gl b= A BT B A5 5. SEB0 c-di-AMP 928K EE
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Figure 1 (a) Single-molecule analysis of a c-di-AMP with an aerolysin
nanopore. (b) The chemical structure of c-di-AMP. The current blockade
traces and the typical current blocked event of c-di-AMP translocating
through an aerolysin pore in 1.0 mol/L (c¢) LiCl and (d) KCI at 100 mV,
respectively. Data were obtained with the presence of 40 mg/L c-di-AMP
at the cis side of the Aerolysin nanopore
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Figure 2 Two-dimensional (2D) contour plots, related /I, and 7 his-
tograms for the aerolysin analysis of c-di-AMP at 100 mV in 1.0 mol/L
LiCl (a) and 1.0 mol/L LiCl (b). 7/I, histograms of c-di-AMP by aerolysin
were fitted to multiple Gaussian peak. z,¢ histograms were also fitted to
Gaussian peak. The blockades of c-di-AMP are classified into two popu-
lations as PI and PII. The fitted Gaussian peaks in /I, histrogram is
shown in Figure S1
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B3 (a) c-di-AMP 5 Aerolysin £ 1.0 mol/L LiCl 2233 rf o & 4 i
PRI IUE S, M EEITFRE52 100 mV, 120 mV, 140 mV; (b)
c-di-AMP 5 Aerolysin 7E 1.0 mol/L LiCl Z& i PT 75 =5 {4: B Ik At 1]
B LR A8 1k 5 R (c) c-di-AMP 5 Aerolysin ££ 1.0 mol/L LiCl &
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Figure 3 (a) The current blockade traces of c-di-AMP translocating
through an aerolysin pore in 1.0 mol/L LiCl at 100 mV, 120 mV and 140
mV respectively; (b) The duration of PI in 1.0 mol/L LiCl; (c¢) The dura-
tion of PII in 1.0 mol/L LiCl; (d) The number of PI events per minute in
LiCl and KCl; (e) The number of PI/(PI+PII) per minute in LiCl and KCl
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2552 W3 E RS2
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