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I. Molecular mechanism of DNA glycosylases-mediated cleavage of molecular beacons
The hOGG1 is bi-functional DNA glycosylases specific for 8-0xoG base paired with a cytosine (Fig. S1), and
exhibits B-elimination AP lyase activity.!* As shown in Fig. S2A, the inactive variant of hOGG1 (Lys 249) retains
high-affinity binding to a substrate duplex containing an 8-0xoG/C base pair. The hOGG1 cleaves the N-glycosidic
bond using a conserved active site lysine residue (Lys 249) that initiates nucleophilic attack at C1’ of the target
nucleotide and forms a covalent protein-DNA intermediate (Schiff base intermediate; a covalent Schiff base is
formed between the enzyme and C1° of the deoxyribose). The Cy3-labeled molecular beacon releases the damaged
base to form an AP site. The Schiff base intermediate can undergo a lyase reaction via B-elimination at the
3’-phosphodiester bond, resulting in the cleavage of DNA phosphate backbone at the AP site. The B-lyase reaction
generates a one base gap containing 5’-phosphate (P) and 3’-phopho-a, unsaturated aldehyde (PA) termini. In
addition, endonuclease activity of APE1 occurs at AP site. As a result, the PA termini of B-elimination is processed
by APEI, generating 3°-OH termini. Consequently, in the presence of hOGG1, Cy3-labeled molecular beacon is
selectively cleaved into two portions due to the combined glycosylase/lyase activity of hOGG1 and endonuclease
activity of APEL.

The hAAG is a mono-functional glycosylase specific for deoxyinosine base paired with a thymine (Fig. S1).%>”
As shown in Fig. S2B, the hAAG specifically binds to DNA containing a target damaged base by inserting a
B-hairpin loop into the minor groove of DNA. Glul25 acts as a general base to deprotonate a water molecule,
which may serve as a nucleophile to attack the anomeric C1’ carbon in an Sn2 catalytic mechanism. In the presence
of hAAG, the products are the hypoxanthine and AP site. Subsequently, APE1 performs an incision at the 5’ side of
the AP site, resulting in a nick in the phosphodiester backbone with 3’-OH and 5’-deoxyribose-5-phosphate (dRP)
ends. Consequently, in the presence of hAAG, Cy5-labeled molecular beacon is selectively cleaved into two
portions due to the combined glycosylase activity of hAAG and endonuclease activity of APEI.
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Fig. S1 (A) Chemical structure of 8-oxoguanine (8-0x0G) generated by oxidative damage of DNA by reactive
oxygen species. (B) Oxidative deamination of adenosine. (C) Structure of 8-0x0G/C base pair. (D) Structures of

deoxyinosine /T base pair.
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Fig. S2 (A) Mechanism of hOGG1-mediated cleavage of molecular beacon in the presence of APE1. The chemical
steps of catalysis include step 1: 8-0xoG base removal and formation of AP site, step 2: B-elimination of

3’-phosphate resulting in formation of the nicked product, step 3: removal of PA termini by APE1. (B) Mechanism
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of hAAG-mediated cleavage of molecular beacon in the presence of APE1. The chemical steps of catalysis include
step 1: hypoxanthine (Hx) base removal and formation of AP site, step 2: cleavage of the phosphodiester bond on
the 5’ side at the AP site. (C) Cy3-labeled molecular beacon is 34 nt, which is modified with a 8-0x0G positioned 6
deoxynucleotides downstream of a 5’-terminus. Due to hOGG1-mediated cleavage of molecular beacon in the
presence of APE1, one deoxynucleotide is cleaved (Fig. S2A), generating a 5 nt of Cy3-labeled DNA fragment and
a 28 nt of BHQ2-labeled DNA fragment. (D) Cy5-labeled molecular beacon is 34 nt, which is modified with a
deoxyinosine positioned 5 deoxynucleotides downstream of a 5’-terminus. Due to hAAG-mediated cleavage of
molecular beacon in the presence of APEI, one hypoxanthine base is cleaved (Fig. S2B), generating a 4 nt of
Cy5-labeled DNA fragment and a ~29 nt of BHQ3-labeled DNA fragment because the cleavage is one base instead

of one deoxynucleotide.

I1. Optimization of experimental conditions.

To achieve the best performance, we optimized the concentrations of APE1, Cy3-labeled molecular beacon and
Cy5-labeled molecular beacon, and the incubation time. Previous research demonstrates that APE1 accounts
for >95% of the total AP endonuclease activity in most human cell lines,® and has been implicated in the
stimulation of catalytic turnover of many human DNA glycosylases (e.g., hOOG1 and hAAG).>!? Since APEI
serves to stimulate DNA glycosylases-mediated cleavage of molecular beacons in this assay, its concentration
should be optimized. In the presence of hOOGI1, Cy3 fluorescence intensity improves with the increasing
concentration of APE1 from 0 to 0.1 U/uL, and reaches a plateau at 0.1 U/uL due to either the complete losing of
hOOGT1 activity or the consumption of all available substrates by hOOG1 (Fig. S3A, green column). Notably,
hOGG1-mediated cleavage of Cy3-labeled molecular beacon may occur in the absence of APE1 (Fig. S3A, green
column, 0 U/uL), with less Cy3 fluorescence intensity than that generated in the presence of 0.1 U/uL APE1,
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suggesting the stimulation of catalytic turnover of hOOG1 by APE1.>!° In the presence of hAAG, Cy5 fluorescence
intensity enhances with the increasing concentration of APE1 from 0 to 0.1 U/uL, and reaches a plateau at 0.1 U/ul
(Fig. S3A, pink column). Notably, hAAG-mediated cleavage of Cy5-labeled molecular beacon cannot occur in the
absence of APE1 (Fig. S3A, pink column, 0 U/uL), and 0.1 U/uL APE1 may induce the improvement of Cy5
fluorescence intensity by 7.6-fold because of the stimulation of catalytic turnover of hAAG by APE1.!"'? Thus, 0.1
U/uL APE1 is used in the subsequent research.

To optimize the concentration of Cy3-labeled molecular beacon for hOOG1 assay, we monitored the variance
of (F — Fy)/Fy value with the concentration of Cy3-labeled molecular beacon, where Fy and F' are the the Cy3
fluorescence intensity in the absence and presence of hOOG1 (0.1 U/uL), respectively. As shown in Fig. S3B, the
(F — Fy)/Fy value improves with the increasing concentration of Cy3-labeled molecular beacon from 0.2 to 0.3 uM,
followed by the decrease beyond the concentration of 0.3 uM. Therefore, 0.3 uM Cy3-labeled molecular beacon is
used for hOOGT assay in the subsequent research.

We further optimized the concentration of Cy5-labeled molecular beacon for hAAG assay by monitoring the
variance of the (F — Fy)/Fy value with the concentration of Cy5-labeled molecular beacon, where Fy and F' are the
Cy5 fluorescence intensity in the absence and presence of hAAG (0.1 U/uL), respectively. As shown in Fig. S3B,
the (F — Fy)/Fy value enhances with the increasing concentration of Cy5-labeled molecular beacon from 0.2 to 0.3
uM, followed by the decrease beyond the concentration of 0.3 pM. Thus, 0.3 uM Cy5-labeled molecular beacon is
used for hAAG assay in the subsequent research.

We further employed single-molecule detection to optimize the incubation time of DNA
glycosylases-mediated cleavage of molecular beacons. In the presence of hAAG (Fig. S3C), Cy3 counts increase
with the incubation time and reach a plateau at 10 min due to either the complete losing of hOOG1 activity or the
consumption of all available substrates by hOOG1. In contrast, no significant Cy3 counts are detected in the
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absence of hOOGI1 even after a long incubation time of 90 min. In the presence of hAAG (Fig. S3D), Cy5 counts
increase with the incubation time and reach a plateau at 90 min, while no significant Cy5 counts are detected in the
absence of hAAG even after a long incubation time of 180 min. Taking into account the simultaneous detection of

hOGG1 and hAAG, we used the reaction time of 90 min in the subsequent research.
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Fig. S3. (A) Variance of fluorescence intensity with the APE1 concentration in the presence of hOGG1 (green
color) and hAAG (red color), respectively. The hOGG1concentration is 0.1 U/uL and the hAAG concentration is
0.1 U/uL. (B) Value of (F — Fy)/F, with the concentrations of Cy3-labeled molecular beacon (green color) and
Cy5-labeled molecular beacon (red color), respectively. ' and F are the fluorescence intensity in the presence and
absence of DNA glycosylases (0.1 U/uL hOGG1 and 0.1 U/uL hAAG), respectively. The concentration of APE1 is

0.1 U/uL. (C) Variance of Cy3 counts as a function of reaction time in the absence (blue line) and presence (red
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line) of hOGGT1 (0.1 U/uL). The concentration of Cy3-labeled molecular beacon is 0.3 pM, and the concentration

of APEI is 0.1 U/uL. (D) Variance of Cy5 counts as a function of reaction time in the absence (blue line) and

presence (red line) of hAAG (0.1 U/uL). The concentration of Cy5-labeled molecular beacon is 0.3 pM, and the

concentration of APE1 is 0.1 U/uL. Error bars represent the standard deviations of three experiments.
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