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Effect of the experimental conditions. The temperature of the reaction solution and
pH value of Tris-Ac buffer are important to the catalytic activity of the asymmetrically
split G-quadruplex/hemin DNAzymes. For the purpose of getting high sensitivity,
temperature of the reaction solution and pH value of Tris-Ac buffer in the proposed
colorimetric sensing system were investigated over the range of 15-50 °C and pH 5.0-
8.0, respectively. As demonstrated in Figure 4a, the asymmetrically split G-
quadruplex/hemin DNAzymes had high catalytic activity toward the reaction of ABTS?
and H>Oz in the range of 15-30°C. However, the relative activity of the catalytic system
declined rapidly at temperature above 37 °C. It was inferred that the high temperature
had adverse impact on the forming of triplex DNA and the catalytic activity of the
asymmetrically split G-quadruplex/hemin DNAzymes.!? Thus, 25 °C was chosen as
the optimal reaction temperature for the colorimetric assay. In the type of parallel triplex
DNA, the composed C-G-C triads had well stability under acidic pH environment and
could not be formed under physiological conditions. Recently, it was studied that Ag"
had the ability to stabilize the forming of C-G-C triads under neutral pH environment.’
The pH-dependent response curve of Tris-Ac buffer was shown in Figure 4b. The
relative activity of the reaction mixture (2.0 mM H,0,, 0.2 mM ABTS?, 0.25 mM
Spermine, 0.15 uM Ag", 25 °C) increased with the pH value increment of Tris-Ac buffer
over the range of pH 5.0-7.0, and kept high activity over the range of pH 7.0-8.0. The

phenomenon suggested that the triplex DNA was stable under neutral pH environment



with the aid of Ag" and the asymmetrically split G-quadruplex/hemin DNAzymes had
high catalytic activity under neutral pH environment.* Therefore, pH 7.4 of Tris-Ac
buffer was selected as the optimal pH reaction environment.

H,0, and ABTS? are essential to the color catalytic reaction system. Thus, to
optimize the concentrations of H20, and ABTS? is of importance for the sensitivity of
the colorimetric assay. As shown in Figure 4c, the concentrations of H>O> were
investigated over the range of 0.50-3.0 mM. With the increase of H>O:, the relative
activity of the reaction system increased in the range of 0.50-2.0 mM, and then
weakened with the addition of H>O». High concentration of H,O> had negative impact
on the catalytic activity of the asymmetrically split G-quadruplex/hemin DNAzymes.
Herein, the optimized concentration of H2O2 was 2.0 mM in the color catalytic reaction
system. The ABTS?-dependent response curve was depicted in Figure 4d. In the range
of ABTS? 0.05-0.15 mM, the relative activity of the colorimetric system increased with
the augment of ABTS* concentration, and kept unchangeable with the continued
addition of ABTS*. Hence, the ABTS? concentration 0.20 mM was used as optimal
condition in the colorimetric system.

Spermine, a polycationic, low-molecular-weight molecule, not only has the ability to
promote and stabilize triplex DNA structures, but also plays an important role in the
activity enhancement of G-quadruplex/hemin DNAzyme.>® Thus, the optimization of
spermine concentration is necessary to ensure the high sensitivity of the color system.
As shown in Figure 4e, the concentrations of spermine were investigated over the range
of 0-0.50 mM. With the augment of spermine, the relative activity of the reaction system
increased in the range of 0-0.25 mM, and then decreased with the addition of spermine.
High concentration of spermine may cause the change of the structures of triplex DNA
and the asymmetrically split G-quadruplex, and slackened the catalytic activity of the
asymmetrically split G-quadruplex’/hemin DNAzymes.” Herein, the optimized
concentration of spermine was 0.25 mM in the color catalytic system. Since the G-
quadruplex/hemin DNAzymes had high catalytic activity under neutral pH
environment, construction of the stable triplex DNA under neutral pH was inevitable to

the high sensitivity of the colorimetric assay. Ag" was known to stabilize the structure



of a parallel DNA triplex under neutral pH condition.® For the high sensitivity of the
assay, the Ag" concentrations were studied over the range of 0-0.40 uM. As described
in Figure 4f, by the introduction of Ag", the relative activity of the reaction system
increased with the increase of Ag" concentration in the range 0-0.15 puM, but declined
when Ag" concentration was higher than 0.20 pM. It was suggested that excess Ag"
could chelate guanine bases at the binding sites involved in G-quadruplex formation,
may disrupt these structures and inhibit the peroxidase activity of the asymmetrically
split G-quadruplex/hemin.® Hence, the optimized concentration of Ag" was 0.15 uM in

the color catalytic system.
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Figure S1. The agarose gel electrophoresis assay of HCR products.

Table S1. Comparison of colorimetric methods for DNA detection

Strategy Linear range  Detection limit Ref

HCR amplification & the asymmetrically 0.5-500 pM 0.1 pM This work
split G-quadruplex/hemin

HCR amplification & G-quadruplex/hemin =~ ---—--- 7.5 nM 28

HCR amplification 0-0.5 nM 50 pM 29
& label-free AuNPs

catalytic hairpin assembly amplification 50-300 pM 15 pM 30
& label-free AuNPs

HCR amplification & labeled AuNPs 10-500 pM 5pM 17




Table S2. Comparison of the strategies for ctDNA detection

Detection method Strategy Linear range Detection limit Ref
Colorimetric HCR amplification & the 0.5-500 pM 0.1 pM This work
asymmetrically split G-
quadruplex/hemin
SERS SWNTs & CuNP 10 fM -1 nM 1.5 t™M 34
Refractometric Peptide nucleic acids & - 0.05 pM 35
immunogold colloids
Electrochemical Clamp - 1 fgul! 36




