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ABSTRACT: DNA glycosylase dysregulation is implicated in carcinogenesis
and therapeutic resistance of cancers. Thus, various DNA-based detection
platforms have been developed by leveraging the base excision activity of
DNA glycosylases. However, the efficacy of DNA-based methods is hampered
due to nonspecific degradation by nucleases commonly present in cancer cells
and during preparations of cell lysates. In this report, we describe a
fluorescence-based assay using a specific and nuclease-resistant three-
dimensional DNAzyme walker to investigate the activity of DNA glycosylases
from cancer cell lysates. We focus on DNA glycosylases that excise uracil
from deoxyuridine (dU) lesions, namely, uracil DNA glycosylase (UDG) and
single-stranded monofunctional uracil DNA glycosylase (SMUG1). The
limits of detection for detecting UDG and SMUG1 in the buffer were 3.2 and
3.0 pM, respectively. The DNAzyme walker detected uracil excision activity in diluted cancer cell lysate from as few as 48 A549 cells.
The results of the UDG inhibitor experiments demonstrate that UDG is the predominant uracil-excising glycosylase in A549 cells.
Approximately 500 nM of UDG is present in each A549 cell on average. No fluorescence was generated in the samples lacking
DNAzyme activation, indicating that there was no nonspecific nuclease interference. The ability of the DNAzyme walker to respond
to glycosylase activity illustrates the potential use of DNAzyme walker technology to monitor and study biochemical processes
involving glycosylases.
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DNA repair enzymes have sparked clinical interest as
biomarkers and therapeutic targets because of their role in
the initiation and progression of disease. Base excision repair
(BER) is initiated by DNA glycosylases that recognize and
excise oxidized, alkylated, or deaminated bases. Altered DNA
glycosylase activity, often arising from single nucleotide
polymorphisms (SNPs) that repress activity, is implicated in
the development of metabolic disorders and the onset of
carcinogenesis because of the accumulation of damaged DNA,
gene mutations, and deregulated DNA repair mechanisms.1−4

As cancers progress into more genomically hostile conditions
because of reactive oxygen species (ROS) and widespread
DNA damage, cancer cells adapt by overexpressing DNA
glycosylases and other BER enzymes. The overexpression of
DNA glycosylases in advanced-stage cancers also confers
resistance to chemo- and radiotherapies that act by inducing
DNA damage to eliminate cancer cells.5−8 Therefore, efforts
are being invested into the identification of glycosylase
inhibitors with the goal of sensitizing advanced tumors to
anticancer therapies.6,9−11

The link between DNA glycosylases and disease spurred the
development of assays for these enzymes and their activities.
These methods used simple DNA substrates labeled with
fluorophores,12 radioisotopes,13,14 and chemiluminescent mol-
ecules.15 More recent examples of glycosylase assays

incorporate DNA amplification techniques16,17 and signal
amplification techniques using DNAzymes18,19 and CRISPR-
Cas trans-cleavage.20 Although sensitive, DNA amplification
techniques are complicated and time-consuming, involving
multiple technical steps and incubation periods. DNA-
amplification techniques can detect intracellular glycosylases
after their introduction into the cell by lipofectamine
transfection or MnO2 nanosheets,21−23 but the engulfed
DNA is prone to nuclease digestion, which risks false positive
results or attenuates detection altogether. Furthermore,
lipofectamine is limited to in vitro applications.
DNAzyme walkers functionalized on gold nanoparticles

(AuNPs) have the potential to overcome the aforementioned
limitations. The spherical DNA conjugated onto AuNPs forms
a negatively charged barrier that inhibits nucleases from
digesting the DNA.23,24 Furthermore, spherical nucleic acids
are readily endocytosed into cancer cells.25−29 We previously
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demonstrated the capacity of DNAzyme walkers to target BER
enzymes by detecting APE1 in living cancer cells.30 We
therefore sought to expand the application of our DNAzyme
walker to investigate DNA glycosylase activity in cancer cell
samples. There are 11 known DNA glycosylases in human
cells, each specific for different base lesions. When targeted by
a DNA glycosylase, the damaged base is flipped out of the
DNA helix and into the glycosylase activity site to cleave the
N′-glycosidic bond.31,32 We focused on targeting uracil DNA
glycosylase (UDG or UNG) and single-strand-selective
monofunctional uracil DNA glycosylase (SMUG1). Other
DNA glycosylases, such as 8-oxoguanine DNA glycosylase
(OGG1) and alkyladenine DNA glycosylase (AAG), are also
well characterized and remain potential targets for inves-
tigation using the DNAzyme walker.
UNG is the major UDG involved in the excision of uracil

from deoxyuridine (dU) lesions, while SMUG1 is considered a
backup uracil glycosylase with a broader range of substrates
including methylated and oxidized dU.33−35 In humans,
hUNG2 and hSMUG1 are localized in the nucleus, while
hUNG1 is expressed within the mitochondria.36 In HeLa cells,
SMUG1 is abundantly present in the cytoplasm, which is
characteristic of cancer pathology.34 Both UNG and SMUG1
target dU in ssDNA and dsDNA, though they demonstrate a
preference for ssDNA.33,34,37 Uracil lesions in DNA arise from
spontaneous cytosine deamination and dUTP-mediated
misincorporation during DNA replication, risking mutagenic
transit from C:G to T:A base pairs within genes.38 UNG and
SMUG1 are the most well-characterized glycosylases with
respect to crystal structure, specificity, catalytic efficiency, and
cellular localization.34,36,39−42 To evaluate the design of the
DNAzyme walker, we used E. coli UDG, which is comparable
to human UNG in its folded structure and function.32,34,43,44

We then applied the DNAzyme walker to assess UDG and
SMUG1 activity from A549 cancer cell samples.
Despite sharing the N′-glycosylase activity, each of the DNA

glycosylases is different in binding and kinetic properties and
non-BER functions in cancer cells. Therefore, UDG and
SMUG1 were expected to interact with our DNAzyme walker
system with appreciable differences that we elucidate in this
report.

■ EXPERIMENTAL SECTION

Chemicals and Reagents
Oligonucleotides were purchased from Integrated DNA Technologies
(IDT, Coralville, IA), and their sequences are shown in Table S2.
AuNPs, 20 nm in size, were purchased from Ted Pella (Redding, CA).
APE1, UDG (uracil DNA glycosylase), SMUG1 (single-strand
selective monofunctional uracil DNA glycosylase 1), EndoIV
(endonuclease IV), AAG (alkyl adenine DNA glycosylase), Fpg
(formamidopyrimidine DNA glycosylase), UGI (uracil DNA
glycosylase inhibitor), and BSA (bovine serum albumin) were
purchased from New England Biolabs (NEB, Whitby, ON, Canada).
IgG from human serum and MnCl2 solution were purchased from
MilliporeSigma (Oakville, ON, Canada). HeLa cells were propagated
from cryopreserved cell lines purchased from the American Type
Culture Collection (Manassas, VA). Acrylamide/bis-acrylamide
solution (40%) (39:1) was purchased from BioRad (Hercules, CA).
NaCl, MgCl2, KCl, EDTA, Tris-HCl, Tris-acetate, trypsin, Tween-80,
Tween-20, Triton X-100, and DNA Gel Loading Dye (6×) were
purchased from Thermo Fisher Scientific (Mississauga, ON, Canada).
Construction of the DNAzyme Walker
The DNAzyme was first hybridized with the blocker strand using a
BioRad T100 thermocycler (Hercules, CA) set to decrease 0.1 °C

every 5 s, starting from 80 °C and ending at 20 °C. The blocked
DNAzyme and carboxyfluorescein (FAM)-labeled oligonucleotide
track strands were then mixed with 1 mL of 20 nm AuNPs (7 × 1011
particles/mL) that was premixed with 0.625% Tween-80. The molar
ratio of blocked DNAzyme to FAM-labeled track strands was
200:1000 per AuNP. Forty microliters of 5 M NaCl was added to
the DNA/AuNP mixture every 30 min five times for a final
concentration of 0.83 M NaCl. After overnight maintenance at
room temperature in the dark, the salted AuNPs were subjected to
centrifugation at 17,500×g. The supernatant was collected and
discarded, carefully leaving the pellet undisturbed. DNA-AuNPs were
washed with wash buffer (100 mM NaCl, 10 mM Tris-HCl (pH 7.4),
0.05% Tween-20) and centrifuged at 21,100×g for 20 min, then the
supernatant was removed. The wash step was repeated twice more.
Finally, the AuNPs functionalized with the DNAzyme walker were
stored in 0.5 mL of storage buffer (200 mM NaCl, 10 mM Tris-HCl
(pH 7.4), 0.05% Tween-20) at 4 °C until use.
Determination of DNA Glycosylases in Buffer
Each 100 μL reaction volume contained 230 pM AuNPs function-
alized with the DNAzyme walker, 50 nM NaCl, 50 mM KCl, 20 mM
Tris-acetate (pH 7.9), 3 mM MgCl2, 500 μM MnCl2, 0.1 U APE1 and
varying concentrations of UDG and SMUG1. MgCl2 and MnCl2 were
added as the final step before recording fluorescence at 25 °C using
the fluorometer. Samples containing Fpg did not contain APE1
because of the dual glycosylase/AP lyase activity of Fpg but consisted
of the same reaction mixture. Specificity tests were conducted using
the same reaction buffer and 0.1 U of APE1, UDG, Fpg, EndoIV, and
hAAG, and 30 μM BSA and 33 μM IgG. Unit definitions for enzymes
are shown in Table S1.
Incubation, Collection, and Lysis of A549 Cells
A549 cells were cultured in Dulbecco’s modified essential medium
(DMEM, Thermo Fisher Scientific) in a humidified incubator at 37
°C with 5% CO2. Cells were grown to 85% confluency and then
washed with 1X DPBS (Thermo Fisher Scientific) twice. Trypsin
(0.25%) was added for 1 min to detach the cells, which were collected
in the DMEM medium. The collected cells were centrifuged at
1000×g for 3 min, and the supernatant was aspirated to remove
residual trypsin. The pelleted cells were dispersed with DMEM and
cells were then counted using a hemocytometer.

For lysis, 106 cells were collected and washed with ice-cold 1X
DPBS twice; 200 μL of ice-cold lysis buffer (1% TritonX-100, 150
mM NaCl, 50 mM Tris-HCl (7.4), 1 mM EDTA) was then added to
the pellet, and the dispersed cells were pipetted up and down 10
times. The cells in the lysis buffer were left on ice for 20 min before
centrifugation at 13,000×g for 30 min at 4 °C. The supernatant was
then collected and diluted in lysis buffer without EDTA for a final
concentration equivalent to the cell contents of 10000 cells/μL. Serial
dilutions were carried out using lysis buffer without EDTA. Unused
samples were flash-frozen and stored at −80 °C until future use.

■ RESULTS AND DISCUSSION

Principle and Design of the DNAzyme Walker for the
Detection of Glycosylases
The operation of the DNAzyme walker is displayed in Scheme
1. The DNAzyme walker was modified from the design for the
detection of the AP site that we previously published30 by
taking into account the reaction of glycosylases upstream to
the formation of the AP site.30 We incorporated the dU in the
middle of the blocker to tailor the DNAzyme for UDG/
SMUG1 detection (Table S2 and Figure S1). The glycosylases
cleave uracil from the bound blocker to form a natural AP site
(Scheme 1). After the incision of the AP site, the cleaved
blocker then separates into weakly hybridized fragments that
dissociate from the DNAzyme. The activated DNAzyme is
then free to bind and cleave the conjugated track strands to
amplify the fluorescence. In the absence of the target UDG/
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SMUG1, the blocking strand remains hybridized to the
DNAzyme and the DNAzyme is inactive, thus no fluorescence
is generated.
The activation of the DNAzyme walker involves both DNA

glycosylase activity and the cleavage of the AP site. Thus, the
activities of UDG and SMUG1, along with the cleavage of the
AP site by APE1 lyase activity, are necessary for the generation
of fluorescence by the DNAzyme walker.45,46 APE1 is known
to coordinate with DNA glycosylases and stimulate glycosylase
activity.34,47−50 Furthermore, glycosylases within cancer cells
likely have highly varying activities because of the plethora of
proteins and pathways that interact with the glycosylases.
Therefore, the DNAzyme-mediated responses reported here
should be understood to result not only from base excision but
also from a dynamic coordination between the glycosylases,
APE1, and other factors in cancer cells. Among the DNA
glycosylases studied, only Fpg has both glycosylase and lyase
activity. Fpg does not require APE1 to activate the DNAzyme
walker.
Examining UDG and SMUG1 Activity in Buffer
The DNAzyme walker adapted with the dU blocker (dU-
DNAzyme walker) elicited a concentration-dependent fluo-
rescence in response to UDG and SMUG1 (Figure 1). The
limit of detection (LOD) for UDG detection was 3.2 pM (0.97
mU, unit definitions provided in Table S1) with a linear range
between 3.3 and 67 pM (0.001−0.02 U) (Figure 1A), while
the LOD for SMUG1 detection was 3.0 pM (4.5 mU) with a
linear range of 6.7−67 pM (0.01−0.1 U) (Figure 1B). The
high sensitivity may be partially attributed to the design of the
system. The dU lesion is adjacent to a G and C residue and is
amidst a broader GC-rich region, which is a preferred substrate
of UDG.51,52

We hypothesized that the dU-DNAzyme walker would be
more sensitive for UDG than SMUG1 because hUNG2, the
human equivalent UDG, is more catalytically efficient in
cleaving dU from dsDNA.34,53,54 The unit definitions also
suggest that the E. coli UDG is much more active in cleaving
uracil than SMUG1 per mol/U (Table S1). However, the
DNAzyme walker responded to similar concentrations of both
UDG and SMUG1. Fluorescence trends for SMUG1 detection
also required only half the time as the UDG trends before
reaching a plateau, suggesting a more robust activation of the
DNAzyme walker by SMUG1 than UDG (Figure 1B). These
unexpected findings may be because the UDG tested here is of
the E. coli enzyme, which likely does not coordinate with
human APE1 to the same degree as human SMUG1.34

Nonetheless, the sensitivity for the dU-excising glycosylases
was about 20 times less than for the DNAzyme walker tailored
for APE1 detection.30 The lower sensitivity is reasonable
considering that two enzyme-catalyzed reactions are required
for the activation of the DNAzyme to detect monofunctional
glycosylases with the DNAzyme walker.
The dU-DNAzyme walker-mediated fluorescence was

specific to UDG and SMUG1 in comparison to other
glycosylases and proteins (Figure 1C). Without APE1 or
Mn2+, only background fluorescence was generated (Figure
1C). Furthermore, uracil DNA glycosylase inhibitor (UGI)
inhibited UDG activity and diminished fluorescence gen-
eration in a concentration-dependent manner (Figure 1D).
UGI irreversibly binds and inhibits UDG with 1:1
stoichiometry,55,56 which is evident by the background
fluorescence levels observed when 0.1 U of both UDG and
UGI are present (Figure 1D). Both UDG and APE1 are
functional between room temperature and 37 °C,34,40,43,57 and
we found 25 °C to be optimal for UDG detection with the
DNAzyme walker (Figure S2). The ability of the dU-
DNAzyme walker to detect BER enzymes at room temperature
enables the application of our design for point-of-care testing
without the need for heating.
Dissociation of the blocker from the DNAzyme is

demonstrated by the PAGE gel shown in Figure 1E (lane 8).
The DNAzyme-only lane contains two bands (lane 1); both
bands respond similarly to the experimental conditions and so
do not affect the qualitative analysis of the blocker dissociation.
With only APE1, the blocked DNAzyme band remains intact
despite the addition of Mg2+, indicating that an active APE1 is
unable to dissociate the blocker (Figure 1E, lane 4). In the
presence of UDG, APE1, and Mg2+, the blocker is successfully
dissociated from the DNAzyme (Figure 1E, lane 8).
Interestingly, an intermediary band forms between the free
DNAzyme band and blocked DNAzyme band in the presence
of UDG when APE1 and Mg2+ are not present (Figure 1E,
lanes 5−7). The intermediary band cannot be explained by the
binding of UDG to the blocked DNAzyme, since a protein−
DNA complex would decrease band migration. We considered
that the intermediary band could represent a blocked
DNAzyme with an AP site after uracil excision. Although the
intermediary band forms when Mg2+ is chelated (Figure 1E,
lane 7), UDG is still catalytically active without Mg2+ and
could excise uracil.34 The chelated Mg2+ would only hinder
APE1 activity and prevent the cleavage of the AP site after
uracil excision, which is why blocker dissociation was not
observed with APE1 and EDTA (Figure 1E, lane 7). However,
additional PAGE analysis shows no difference in band patterns
between the UDG-treated blocked DNAzymes with either a

Scheme 1. DNA Glycosylase Detection with the DNAzyme
Walkera

aUDG and SMUG1 identify and cleave dU within the blocker DNA.
The leftover AP site is then processed by APE1, cleaving the blocker
DNA. The blocker DNA fragments dissociate from the DNAzyme,
allowing the DNAzyme to bind to track strands. In the presence of
Mn2+ cofactor, the DNAzyme is activated and the track strands are
cleaved, evoking an amplified fluorescence signal in response to a
single DNA glycosylase-catalyzed reaction.
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dU or an AP lesion (Figure S3). Another possibility is that the
intermediary band represents a fragment of the blocker DNA
that is still bound to the DNAzyme, which would have a
molecular weight between the free and fully bound DNAzyme
bands. Human UDG was recently found to have a minor Mg2+-
independent lyase function58 which may generate a different
band pattern than the blocked DNAzymes cleaved by APE1.
Despite the unknown cause of the intermediary band, it is
evident that the free DNAzyme band is recovered when UDG,
APE1, and Mg2+ are present, which indicates the successful
dissociation of the blocker (Figure 1E, lane 8).
Detection of Uracil-Excising DNA Glycosylases in Diluted
Cancer Cell Lysate

The DNAzyme walker induced higher overall fluorescence
levels with increasing concentrations of diluted lysate of A549
cells. An LOD of 48 A549 cells and a linear range of 100−2000
cells was achieved (Figure 2A). Without metal cofactor, there
was only background fluorescence, indicating that there was no
nonspecific nuclease interference (Figure 2A). Endogenous
APE1 levels were sufficient to process the AP site after uracil
cleavage. The dU-DNAzyme walker had a sensitivity for dU-
excising glycosylases from A549 lysate that was about 4−5
times less than the sensitivity of the DNAzyme walker for the
detection of APE1, which had an LOD of 10 A549 cells and a
linear range between 10 and 500 cells (Figure S4). The lower
sensitivity is likely due to the requirement of two enzymatic

steps for DNAzyme activation. We attribute the fluorescence
response to UDG > SMUG1 based on their reported activities
in human cells.34,59 Thymine DNA glycosylase (TDG), which
also excises dU from mismatched base pairs, may contribute to
DNAzyme activation, though to a lesser extent due to its much
lower catalytic efficiency.60

Determination of the Proportion and Concentration of
Uracil-Excising Glycosylases in A549 Cells

We then determined what proportion of the fluorescence
generated in diluted A549 lysate was due to UDG activity by
adding varying amounts of uracil DNA glycosylase inhibitor
(UGI). Fluorescence levels decreased with increasing concen-
trations of UGI (Figure 2B). With saturating levels of UGI
(0.005 U), the fluorescence response decreased to near
background levels (Figure 2B). To propose that UDG is
primarily responsible for the activity inhibited by UGI, we
must be sure that UGI specifically inhibits UDG and not
SMUG1 or TDG. Early reports demonstrate strong inhibition
of human and E. coli UDG55,56,61,62 and a lack of inhibition of
TDG by UGI63 but the inhibition of SMUG1 by UGI is less
clear. Reports that show SMUG1 to be UGI-resistant are based
on qualitative PAGE analysis53,63 which cannot determine
whether SMUG1 is completely or partially resistant to UGI.
Another report claims that ∼40% of SMUG1 activity was
inhibited by UGI,34 although data were not shown. Therefore,
we tested whether SMUG1 could be inhibited by UGI.

Figure 1. DU-DNAzyme walker is activated by UDG and SMUG1. (A) Detection of pure UDG in buffer. (B) Detection of pure SMUG1. (C)
Selectivity of the dU-DNAzyme walker for UDG and SMUG1. The concentration of each enzyme was 0.1 U/100 μL. The concentration of BSA
tested was 30 μM and IgG was 33 μM. Fluorescence was recorded after 60 min. (D) Uracil DNA glycosylase inhibitor (UGI) inhibits UDG activity
and diminishes DNAzyme activation. Fluorescence was recorded after 90 min. Each sample, except for the “No UDG” control, contained 0.1 U of
UDG. The “No UDG” control contained 0.1 U of UGI. (E) UDG activity appears to excise uracil, while APE1 and UDG activity dissociates the
blocker from the DNAzyme, as visualized with the 10% native PAGE gel. The intermediary band outlined in orange is an unknown structure
between the blocked (red) and liberated (yellow) DNAzyme bands. Each reaction mixture contained 50 nM NaCl, 50 mM KCl, 20 mM Tris-
acetate (pH 7.9), and the following components: Lane 1, DNAzyme; lane 2, dU blocker; lane 3, blocked DNAzyme; lane 4, blocked DNAzyme +
0.1 U APE1 + 3 mM MgCl2; lane 5, blocked DNAzyme + 0.1 U UDG + 3 mM MgCl2; lane 6, blocked DNAzyme + 0.1 U UDG + 0.1 U APE1
without Mg2+; lane 7, blocked DNAzyme + 0.1 U UDG + 0.1 U APE1 + 3 mM MgCl2 + 10 mM EDTA; and lane 8, blocked DNAzyme +0.1 U
UDG + 0.1 U APE1 + 3 mM MgCl2. DZ: DNAzyme. Error bars represent one standard deviation from triplicate experiments.
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Interestingly, for the upper limit of SMUG1 detection at 0.1 U,
0.007 U of UGI was enough to decrease the fluorescence
response by nearly 40% (Figure S5). With increasing
concentrations of UGI beyond 0.01 U, we observed less
inhibition of SMUG1 activity (Figure S5). We considered this
may be due to increasing levels of DTT from the stock solution
of UGI as we added more units into each sample, but our
control tests show that even 1 mM DTT was unable to
significantly detach the track strands from the AuNP surface
(Figure S6). Although SMUG1 can be inhibited by UGI
(Figure S5), the loss of almost all the fluorescence signals in
the A549 lysate samples with saturating levels of UGI must
predominantly result from UDG inhibition (Figure 2B). If
SMUG1 contributed a significant proportion of DNAzyme
activation, then we would expect 0.005 U of UGI to show only
partial inhibition of fluorescence generation (up to ∼40%), but
this was not observed. Other reports show that UDG in HeLa
cells contributes >98% of dU-excising activity34,37 and that
A549 cells show substantial overexpression of UDG64 which
further supports that the fluorescence observed in the diluted
A549 lysate primarily results from UDG activity. Furthermore,
our results demonstrate the ability of our DNAzyme walker to
screen for UDG inhibitor activity in cancer cell samples.
For the following estimation of the amount of UDG in each

A549 cell, we assume that all the fluorescence results from
UDG activity and that E. coli and human UDG share unit
definitions. Both UDGs are completely inhibited at similar

concentrations of saturating levels of UGI.61 If a 1:1 ratio of
UDG units to UGI units abolishes the fluorescence response
observed in the buffer studies (Figure 1D), and 0.005 U of
UGI is required to diminish the fluorescence response in the
diluted lysate of 2000 A549 cells (Figure 2B), then we estimate
that there is approximately 2.5 μU, or 21.5 fg (calculated from
parameters listed in Table S1), of UDG in each A549 cell. If
the molecular weight of UDG is 25.7 kDa and the cell volume
of an A549 cell is 1670 μm3 (or 1.67 pL),65 then the
concentration of UDG per A549 cell is ∼500 nM on average.

■ CONCLUSIONS
We successfully demonstrated the application of DNAzyme
walkers for the investigation of uracil excision activity by UDG
and SMUG1 in buffer and A549 cell lysate. Upon the excision
of a damaged base and subsequent cleavage of the remaining
AP site within the blocker, the DNAzyme binds and cleaves a
track of FAM-labeled strands conjugated onto 20 nm diameter
AuNPs to generate a concentration-dependent fluorescence
response. The sensitivity of the DNAzyme walker was
comparable to those of other UDG assays, including assays
with DNA amplification steps (Table S3). We demonstrate
that endogenous APE1 is sufficient for the detection of UDG
in cell lysates, whereas other assays often require the addition
of high amounts of either APE1 or Endo IV (Table S3).
Finally, our method was able to measure UDG activity in cell
lysate without the need for DNA amplification or heating steps.
Our technique has the potential to operate within live cells,

where the real-time effectiveness of glycosylase inhibitors or
chemotherapy sensitizers can be monitored.6,9 However, the
sequestration of the DNAzyme walker in endosomes may limit
intracellular glycosylase detection.66 Immune cells and hepatic
clearance may also prevent the DNAzyme walker from
accessing cancerous sites in vivo.67 Future work could extend
the DNAzyme walker technology to studies of a variety of
DNA glycosylases, in addition to UDG and SMUG1, from
cancer cells. The detection of glycosylase activity in more
complex samples is yet to be realized.
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