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Abstract
In this study, a multiple-legged and highly integchDNA rolling walker based

electrochemical biosensor was developed for ultrgifee ctDNA analysis through
rolling  circle  amplification (RCA) with  doxorubic@tetrahedron-Au
(DOX@TDN-Au) as electrochemical indicator. Upon getrdriven RCA, the
multiple-legged walker could move along with theeghsigned track by strand
displacement reactions, resulting in numbers o lbgding irreversibly to iStep
probes. The binding of massive legs to iStep probasld effectively impede
DOX@TDN-Au tags binding on the surface of sensat #en reached a "signal off"
state. Benefiting from the highly amplified effioey of rolling walker machine and
DOX@TDN-Au tags, the established biosensor perfarimigh sensitivity for target
detection with a low limit of detection down to ©.8V. Moreover, the target ctDNA
could hybridize with the ring and capture probewdianeously, greatly enhancing the
specificity of the developed biosensing method. sThhis biosensing method is a
promising tool for detection of ctDNA in the fielaf clinical diagnostic and tumor
progression assessment.

Keywords: Circulating tumor DNA; Rolling walker; Rolling ate amplification;

Doxorubicin-tetrahedrorglectrochemistry



45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

1. Introduction

Circulating tumor DNA (ctDNA) is a single-stranded double-strandedene
fragments originating from tumor or circulating tamcells, and subsequently
released to peripheral blood (Chan et al., 201&icher and Pantel, 2014). Studies
have shown that ctDNA is a potential tumor biomankdich has gained increasing
attentions in term of cancer assessment (Koldlay.e2019; Sumbal et al., 2018). For
example, kirsten rat sarcoma-2 virus (kras) pointtations are closely related to
different cancers including lung cancer, colorectaincer, and ovarian cancer
(Kamerkar et al., 2017). Thus, quantitative analysi cCtDNA plays a vital role in
clinical diagnosis, tumor progress and cancer reoge (Gorgannezhad et al., 2018;
Li et al., 2019).

Currently, the routine methods for ctDNA analysie polymerase chain reaction
(PCR) and DNA sequencing (Das et al.,, 2016; Hu let 2018). PCR-based
approaches including digital PCR and droplet digk&ZR (ddPCR) have been
developed to detect ctDNA (Siravegna et al., 20however these methods are
susceptible to false negatives and positives predily interference from chemical
species. Alternatively, DNA sequencing is a powleidol for getting information of
mutant status, but it requires expensive instruraedtlong turnaround time (Dewey
et al.,, 2012). Therefore, developing inexpensiwgclqand highly sensitive method
for ctDNA mutation analysis remains a great chaken

DNA as an attractive building material has beenstricted various dynamic
nanodevices including walkers (Chai and Miao, 2QiL8g et al., 2016), tweezers (Li
et al., 2016; Peng et al., 2019), and nanorobotpkrger et al., 2018; Torelli et al.,
2018) due to its programmabbajdressable, and accurate Watson-Crick base pairing
Among them, intelligenDNA walkers have been extensively applied for bissey
(Yang et al., 2019; Zheng et al., 2018; He et28l17), bioimaging (Peng et al. 2017),
and drug-delivery (Li et al., 2018a). In most cabe, operation of DNA walkers is

triggered by strand displacement reactions (Zhengl.e 2018),nicking enzymes
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(Yang et al., 2016), and DNAzyme hydrolysis (Chaakt 2015;Yang et al., 2018;
Wang et al., 2018). For example, Liang developadopg-driven DNA walker onto
Au nanoparticle surfaces which can be actuatedduatianal fuel strand substrate
(Liang et al., 2017). Fan et al. designed a stachd3NA walker propelled by
exonuclease Ill, which can selectively -catalytice themoval of hybridized
oligonucleotides (Qu et al., 2017). However, thesdkers may confront with some
challenges. First, DNA walkers needing supplematdraal substrates for continuous
reaction tend to untimely stop operation in a loeion of exhausted substrates
(Jung et al., 2017). Second, leg DNA of the walkees/ be prone to divorce from the
preset track before hybridization with next neigtibg substrate (Xu et al., 2019).
Last, protein enzymes powered DNA walkers are htodaccess substrates
immobilized on nanopatrticles or other sensing s$alue to steric hindrance effect.
To address these difficulties, we successfully tonted a highly powered
rolling walker for sensitive cfDNA analysis based oolling circle amplification
(RCA) with doxorubicin@tetrahedron functionalizealdynanoparticle (AuNP or Au)
tags. Owing to ease of synthesis and high loadapgcity, AUNPs are widely used to
develop various biosensing platforms. However, thedesired aggregation or
precipitation of AUNPs always happens in the tesé( al., 2018b). DNA tetrahedron
(TDN), an excellent nanoarchitecture with prograrbitity and high loading capacity,
is recently engineered as a significant paradigncéorying numerous biomolecules
(Wiraja et al., 2019). Thus, TDN is here propenypdoyed as the nanocarrier to load
doxorubicin (DOX) for forming DOX@TDN complex, whiccan further immobilize
on AuNPs based on Au-S bond. The formed DOX@TDNeAn not only enhance
the dispersibility andolubility of AUNPs, but also offer an electrochealiindicator.
RCA is a powerful isothermal DNA replication toohigh can autonomously
synthesize a long single-stranded sequence witlletarrepeats (Wang et al., 2015,
Valero et al., 2018). By designing the circular péate, thousands of periodic
user-specified sequences can be produced in a&strghd. Along with the operating
progress, oumultiple-legged walker system utilized the produft®R CA as leg DNA,
which gradually increased the binding power ofldgs and the preset path to prevent

4
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legs divorcing from the predefined track, becausgemand more legs irreversibly
bind to substrates. In addition, all substratethefrolling walker are immobilized on
the sensing surface, without need of external diasge strands for driving further
walker locomotion. Moreover, the walker relies anasd displacement reactions
rather than enzyme’s cleavage to move, which adoide steric hindrance effect. As
we can see in the Scheme 1, Target binds to captole (CP) and ring, triggering
RCA. The replicated DNA legs displace continuouslg protruding domain (c) of
iStep probes by strand displacement reactions, ifgrnmore stable dsDNA and
guiding the motion of the walker along the path. Aeplication proceeds, the
protruding domain (c) of iStep probes decrease ugigd which prevent
DOX@TDN-Au tags from binding to sensing surfaced producing electrochemical
signal. On the contrary, there is a huge signaégsed by the tags in the absence of

the target.

2. Experiment section

2.1. Materials and reagents

All HPLC-purified oligonucleotide sequences disgdyin Table S1 and
chloroauric acid (HAuG), 6-mercapto-1-hexanol (MCH), 10 mM dNTP mixture
were synthesized by Sangon Biotechnology Co. Ltéha(§hai, China). All
oligonucleotides were dissolved in 1xTNaK buffed (@M Tris, 5mM KCI, 140 mM
NaCl pH 7.5) and kept at -20 °C. T4 DNA ligase, Excease |, Exonuclease IIl and
Phi29 DNA polymerase were acquired from New EnglBnalabs (Beijing, China).
Doxorubicin and GoldView were purchased from Satadzience and technology co.,
Ltd (Beijing, China). The DNAs of clinical samplegas kindly offered by the
Affiliated Cancer Hospital of Chongging Universignd approved by the medical
ethics committee of the hospital (Chongging, Chir@)nical samples were mainly
from puncture fluid and pleural effusion in patenith lung cancer. To get
single-stranded DNA, the DNAs were heated to 95fGIC5 min and then quickly
cooled to 4 °C for 30 min before use. All othergesats were of analyticaéagent

grade. All aqueous solutions used in the experimevdre prepared with Milli-Q
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water £18MQ, Milli-Q, Millipore).
2.2. Apparatus

CHIG60E electrochemical workstation obtained froime@hua Instruments Co.
Ltd (Shanghai, China) was employed in all electesoital measurements. The gel
electrophoresis experiment was carried out by usingElectrophoresis apparatus
DYY-6C (Liuyi Instrument Company, China). Transnigs electron microscope
(TEM) (Hitachi-7500, Japan) and Atomic force mi@oge (AFM) Dimension Icon
(Bruker AXS, Germany) were respectively utilized ¢baracterize the size and
morphology of gold nanoparticles and DNA tetrahedraanostructure. The
fabrication of Au-TDN@Dox was detected by UV-vis salption spectra
Nano-Drop1000 (Thermo, USA). The fluorescence digves recorded by a Cary
Eclipse fluorescence spectrophotometer (Agilenhietogies, U.S.A.).
2.3. Preparation of a circular template for RCA

The circular template (ring) was prepared by mixgigcle probe (CiP) and
primer at a ratio of 1:1.2, then annealed in a TTMOThermal Cycler (Bio-Rad,
U.S.A)). The following ligation reaction was condledt in a 20uL reaction mixture
containing hybridization complex (5M), 50 U T4 DNA ligase, 1x T4 DNA ligase
buffer (50 mM Tris-HCI, 10 mM MgG] 1 mM DTT and 1 mM ATP, pH 7.5).
Ligation process was carried out at 16 °C overnghd following terminated by
inactivation at 65°C for 10 min. Then, 40 U Exonlda40 U Exo IIl were added to
digest the leftover ssDNA and dsDNA to yield thesed circular template. After
digestion, the Exo | and Exo Il were further inaated at 90°C for 20 min. The
as-prepared circular template was then stored0&C-#or further use.
2.4. Preparation of DOX@TDN-Au tag

TDNs were synthesized by mixing equimolar quardit{@00 uM) of four
oligonucleotide strands (A, B, C and D) in TM buff@0 mM Tris base, 50 mM
MgCl,-6H,0, pH 8.0). The mixed solution was heated to 956(C5 min and then
quickly cooled to 4 °C for 30 min in a TL00TM ThehCycler (Bio-Rad, U.S.A.).
The TDN solution was stored at 4 °C at least S5forleeuse.

AuNPs were prepared according to the previous tépar et al., 2006). Briefly,
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the HAuUC}, solution (1 mM, 88.2 mL) was boiled in a 250 mlund-bottom flask
with vigorous stirring, followed by the addition wfsodium citrate (34 mM, 10.1 mL)
quickly. When the color changed from pale yellowwme-red, the mixture was
stopped heating and cooled to room temperature (Rfipg stirring. The prepared
AuNPs were stored at 4 °C in a brown glass batildurther use.

The preparation of DOX@TDN-Au tag was illustratedd shhown in Scheme 1.
The mixture of TDN (23uM, 320uL) and the prepared AuNPs solution (1 mL) gently
stirred at 25 °C overnight. Subsequently, 1@0of PBS containing 1 M NaCl was
added to the mixture stepwise to stabilize theinbthAuNPs probe. After that, 1Q
of DOX was added and stirred at 25 °C for 24 hifitercalating into double-stranded
DNA. Then, the mixture was centrifuged and washeith wwBS twice and
resuspended in 1mL of PBS.

2.5. Surface modification of the Au-electrode

The bare Au-electrode was polished with 0.0® alumina powder to a
mirror-like finish, followed by successive soniatiin ultrapure water for a few
minutes. After that, the Au-electrode was activatedewly prepared piranha solution
(98% HSOy: 30% HO,, 3:1 by volume) for 5 min to eliminate other sarstes. The
pretreated Au-electrode was rinsed with ultrapuagewand dried in air. Then, 1@
of 500 nM amine-modified probes (CP: iStep prokks$, by volume) in binding
buffer were added on the cleaned Au-electrode aodbiated at 4 °C overnight. To
obtain well-aligned DNA monolayer, the Au-electrogas incubated with MCH (10
uM, 10 L) for 1 h at RT. Subsequently, the modified gdiecaode was further used
for detection of tumor DNA.

2.5. Electrochemical measurements

Initially, 10 uL of mixture consisted of target, ring and TNaKfieufvas dropped
on the prepared gold electrode and incubated &€3ar 0.5 h. After washed with the
buffer, 10uL of RCA system containing 0.2 pl Phi29 DNA polymerase, 200M
dNTP, 100 ug/L BSA, 1 x phi29 DNA polymerase reactbuffer (500 mM Tris—HClI,
100 mM MgCp, 100 mM (NH,),SO,, and 40 mM DTT) was added and incubated at
37 °C for 1.5 h. Finally, 1L of DOX@TDN-Au suspension was further added on

7
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the washed gold electrode and incubated at 37 rG.%oh.

The electrochemical measurements were executed \withCHI 660C
electrochemical analyzer in a three-electrode systecluding a Pt wire as auxiliary
electrode, an Ag/AgCl as reference electrode andold electrode as working
electrode. The developed biosensor was measuretiffbyential pulse voltammetry
(DPV) from -0.3 V to -0.8 V with a scan rate of &®//s in 0.1 M PBS (pH 7.0).
Cyclic voltammetry (CV) (from -0.2 V to 0.6 V) anelectrochemical impedance
spectroscopy (EIS) were gained in 0.5 mM [Fe (N containing 0.1 M KClI,

respectively.

3. Results and discussion

3.1. The design of rolling walker for electrochemical biosensing.

The principle of the target-driven rolling walkearfelectrochemical biosensing
based on doxorubicin@tetrahedron-Au tag is illusttain Scheme 1. The path on
electrode consists of capture probe (CP) and iptebes. Herein, the CP is designed
for specifically recognition target and served asset of the path. The iStep probe
consists of three domains: a toehold domain (apuble helix (b), and a protruding
ssDNA domain (c) for hybridization of DOX@TDN-AudgaThe ring, acts as the
rolling walker, is designed for rolling circle anfpdation (RCA), which produces a
long and repetitive fragment to hybrid with domaiand domain b of iStep probe by
toehold-initiated strand displacement.

In the absence of target, DOX@TDN-Au tags can kttacprotruding ssDNA
domain (c), which results in signal switch on. he tpresence of target, the target
specifically binds to CP (green portion) and ripgnk portion) respectively, resulting
in generating a long single-stranded DNA containigdem repeated sequences by
RCA. The product of RCA can walk over to iStep m®bthus enabling binding to
toehold domain (a) of iStep probe. Upon binding&tep probe, the RCA product
dissociates the hybridized double-stranded DNA we@scaded toehold-mediated
strand displacement (TMSD), resulting in freeing gubunit (domain band c) of

iStep probe. In the process of RCA, the rolling keal remains binding to the
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nanoengine and can be harnessed to guide the moveihée nanoengine along
predefined walking tracks, resulting in continusesioval of subunit (domain and
c) of iStep probes. Thus, Dox@TDN-Au tag cannactto iStep in the absence of

protruding ssDNA domain (c), failing to produce puit signal (signal off).
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-0 | oy S b i ( i
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| I J DNA | ] > I |
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~ ~ 3
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- \

Scheme 1. Representation mechanism of the target-drivelingolwalker for electrochemical

biosensing based on DOX@TDN-Au tag. Arrows drawrbdiA strands represent-&rmini.

3.2. Characterization of TDN

In order to characterize the formation of DNA tagdrons (TDN), atomic force
microscopy (AFM) was applied for identifying therorphology. As shown in Figure
1A, one side of TDN was clearly seen. In Figure tti&, height of TDN well matched
with results in Figure 1A. To determine the synibegrocess of TDN, native
polyacrylamide gel electrophoresis (PAGE) was edrrout for identifying their
electrophoretic mobility. With the number of DNAatds increasing from Ato D, the
TDN bands migrated more slowly than other DNA camabibns (Figure 1C). The
integrity was firther confirmed with Forster resonance energy transfer (FRET; Figure

1D). As shown in Figure 1D, strand A and B wereeleld with Cy3 (donor) and Cy5
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(acceptor), respectively. The formed TDNs could/elrine dyes to proximity close
enough for efficient FRET, resulting in a fluoresce decrease of Cy3 and increase of
Cy5. The high FRET efficiency of formed TDNs wasrihtited to the rigidity and
integrity of TDNs. These results indicated the ssstul synthesis of as designed
TDN.

A
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-0.26

100.00 nm 200.00 x 200.00 nm
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- 2004
¥ =5
0-

55 600 650 700 750
Wavelength (nm)
Figure 1 Characterization of TDN with AFM. Scale bar is 19 (A) and (B), native PAGE (C)
andFRET (D)for characterization of TDN.
3.2. Characterization of AUNPs, TDN-Au and DOX@TDN-Au
Aiming to verify the synthesis of AuUNPs and TDN-AUGEM and DLS were

carried out for identifying their morphology andzesi The TEM images of the
prepared AuNPs (Figure 2C) and TDN-Au (Figure 2Dhpwed they were both

well-distributed, which were well matched with colthange in the presence of 1 M
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NaCl in Figure S2A. As seen in Figure 2A and 2R #verage diameter of AuNPs
and TDN-Au were around 15 nm and 90 nm, respegtivi@ calculate the amount of
TDN assembled on AuNP, the standard curve was daimh a series concentration
of TDN (Figure S1A). Upon the fluorescence intensit the supernatant containing
excess TDN (Figure S1B), the amount of TDN on e&ahP was estimated to be
about 72. Moreover, UV-vis spectra were furtherdulee identifying the formation of
the AuNPs, TDN-Au and DOX@TDN-Au. As seen in Fig@2A, the TDN-Au (b)
and DOX@TDN-Au (c) were well dispersed in 1 M NaGElowever, the naked
AuNPs were aggregated (d) in the presence of 1IMINEG@ UV-vis spectrum of
Au-TDN showed the characteristic peaks of DNA a 261 and AuNPs at 522 nm.
The TDN-Au (red) displayed a small red shift congghmwith unmodified AuNPs
(black) at 519 nm (Figure S2B). The DOX@TDN-Au (pirshowed double peaks
around 260 nm and widened peak at 500 nm. Theségesiggested the successful

synthesis of DOX@TDN-Au.

A 4 B so
CEC &30 .o
> e o, 40-
*
30 o0 o
§ s & ¢ @ s % § 30
z ol z
‘7 20 ® @
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- ° & ‘ ™ =
10 3 e L4 0
.&m [y a
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Size (d.nm) Size (d.nm)

Figure 2 DLS characterization of the prepared (A) AuNPs éJAu-TDN. TEM image of the

prepared (C) AuNPs and (D) Au-TDN.

3.3 Electrochemical characterization of the established biosensor

EIS and square wave voltammetry (SWV) measuremerse applied to
characterize the established electrochemical bgasefhe EIS curves were gained in
0.5 mM [Fe (CN)J*™* containing 0.1 M KCI and the semicircle diameteegual to
electron-transfer resistance (Ret). As Figure 3Awsh the bare Au electrode
exhibited an almost straight line (curve a), whickflected the outstanding
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electrochemical conductivity. After the thiolatedP Cand iStep probes were
self-assembled onto the Au electrode, the Ret asa@ (curve b). When MCH were
immobilized on the surface of Au electrode, the Reteased obviously (curve c),
attributing to the obstruction of the electron sfemn. With the addition of target kras,
the Ret increased slightly (curve d). Upon RCA, et increased significantly (curve
e and f), which suggested that the target initidtedRCA and a large amount of RCA
products were generated. Afterwards, the remain8tgp probe hybridized with
DOX@TDN-Au tags with participation of target krassulting in the slight decrease
of Ret (curve f). Compared to curve f, the Ret dased significantly in the absence
of target (curve g), which was attributed to thed hybridization of iStep probe with
DOX@TDN-Au could promote the electron transfer. 3éeresults were highly
consistent with those gained from CV (Figure 3Bjl &WV measurements (Figure
3C). In Figure 3C, the peak current with targetrdased significantly compared to
without target, and a remarkable peak shift in ¢herent was 5.941A (red versus
blue). Both results of EIS and SWV confirmed thathrof that the electrochemical
biosensor worked indeed as described in the pimesigheme.

A B C
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52
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Figure 3 (A) EIS and (B) CV results of: (a) bare Au eledto (b) a + CP + iStep probe, (c) b +
MCH, (d) c + kras, (e) d + RCA, (f) e + Au-TDN@DO¥) ¢ + Au-TDN@DOX. (C) Feasibility
investigation of the electrochemical biosensor. Die¥ults: (red) with target (10 pM), (blue)

blank. All data were obtained in Tris-HCI (20 mM{ [7.4).

3.4. Native PAGE for characterization of target-driven rolling walker
A native PAGE experiment was carried out to chardme the feasibility of
target-driven rolling walker (Figure S3). The prim€iP and kras showed an obvious

single band of DNA in lane 1, lane 2 and lane Speetively. Compared with the
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band of DNA in lane 2, the band in lane 3 migratedch slower, indicating the
formation of the ring. The presence of kras ledlightly slower migration of the ring
(line 4), suggesting the hybridization of ring wihas. Upon RCA, a long ssDNA
containing tandem repeated sequences was generegatting in the zero migration
of the band (lane 6). After TMSD, the grayscalebahd in lane 7 was obviously
increased, indicating the hybridization of the protd of RCA with iStep probe.
These results successfully proved that the targaetdcdrive the rolling walker as
described in Scheme 1.

3.5. Assay performance for kras detection

To obtain desirable analytical performance of th®ppsed assay, some
experiment conditions were optimized, includingubation temperature, reaction
time and the ratio of CP to iStep probe (Figure.34)e temperature was first
optimized to be 37 °C (Figure S4A). At the optimaéction temperature, the reaction
time of RCA was evaluated. The current of blank{)-to-kes; ratio achieved the
maximum value at 90 min. Since the walking efficgmwas firmly correlated with
the ratio of CP to iStep probe, the CP-to-iStepopraatio was finally examined. As
shown in Figure S4C, thggwto-lest ratio gradually increased with the ratio from 1/1
to 1/8 and reached maximum value at 1/8. After, & |ant0-liest ratio experienced
a decreasing trend. According to these optimalltgssi7 °C, 90 min and the ratio of
1/8 for CP-to-iStep probe were used in the subs#gperiments.

To evaluate the sensitivity and dynamic range ef dieveloped strategy, kras
solutions with different concentrations were meaduks depicted in Figure 4A, the
peak current decreased with the increase of krasetdrations, demonstrating that
the failed attachment of signal tags to iStep waghlh dependent on the
concentration of kraAs shown in Figure 4B, the DPV responses exhibéegbod
linear relationship with the logarithmic value afak concentration in the dynamic
range from 1 fM to 10 nM. The obtained correlatiequation was Y = 4.658 —
0.874xIgC, with a correlation coefficienf Bf 0.99, where C was the concentration of
kras. The limit of detection (LOD) was calculatedoe 0.29 fM based on the average
signal of blank plus three times of the standardiad®n. Compared to previous
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reported methods for kras (Gao et al. 2018; Lilet2@17b; Lu et al. 2016}the
proposed sensing strategghieved a superior or comparable sensitivity. T llois
developed biosensor could be applied to quantifinabf kras with a wide linear

range and low detection concentration.
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Figure 4 (A) DPV responses and (B) the corresponding calitan curve to various target
concentrations (a to i: 0, £00.01, 0.1, 1.0, 10, 100, 3@nd 14 pM). Error bars are standard

deviation obtained from three independent experimen

3.6. Specificity and reproducibility of the proposed biosensor

Specificity is crucial for sensing system. To ewddu the specificity of the
constructed strategy, three different samples diofy mutant, wild type, and random
sequence were detected under the same reactiofticnadAs described in Figure
5A, a lowest DPV signal was obtained compared With other two type sequence,
and the shifts in the peak current were QuAgkras versus blank), 4.QA (wild type
versus blank) and 2.58A (random sequence versus blank), respectivelgdbtition,
the reproducibility of developed biosensor wasHertinvestigated by measuring the
kras at 1 pM and 25 pM for five timeShe relative standard deviations (RSD) for
both concentrations were determined to h&5% and 3.62%. Therefore, the
electrochemical biosensor was able to effectivadtect the mutant gene with high

specificity and acceptabteproducibility.
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Figure 5 Specificity of the constructed strategy (A): cutreignal respectively corresponds to
different genes: mutant, wild type, random sequete&erepresent the control of blank. Clinical
sample analysis (B): current signal respectivelyresponds to different genes: blank, G12A,
G13D, G12C, G12S/D, G12V. Error bars are standexiation obtained from three independent
experiments.
3.7. Real sample analysis

To validate the practicability of the proposed &gy for real sample analysis,
the recoveries of different concentrations of kirashe diluted serum samples were
detected with standard addition methad.shown in Table S2, the RSD was ranged
from 2.6% to 3.1% and the recovery rate was froro @6 106%,suggesting the
acceptable analysisapability of the developed sensing method for szathples. In
addition, the DNAs obtained from clinical samplesrg applied to investigate the
practicability of the electrochemical sensor. Aersa Figure 5B, the current signal of
kras (G12A) was significantly decreased compardt tie other four mutant genes.
Therefore, these results demonstrabed the developed biosensor held great potential

in clinical applications.
4. Conclusion

In summary, we have successfully engineered attdrgeen rolling walker for
ultrasensitive electrochemical detection of ctDNAaséd on RCA with
DOX@TDN-Au as signal tag. The developed biosensimeghod performed a low
limit of detection (LOD) down to 0.29 fM and a widgnamic detection range, which
showed excellent specificity and a good performantereal sample analysis.
Compared with the pre-reported works, this methasl $everal prominent merits as
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375 follows: (1) RCA powered DNA walkers are easy tdaeit to iStep probes
376  immobilized on sensing surfaces with highly st&pil{(2) TDN functioned AuNPs
377 endow the biosensor with highly stability and sewisy. (3) Proximity-induced
378 attacking of rolling walker on sensing surfacesuees the developed method with
379  excellent specificity. Therefor@ur biosensing strategy exhibits enormous clinical
380 translational value for point-of-care diagnostiosirgy to its high sensitivity, low
381 background noise and rapid response ability.
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Highlights

. A novel electrochemical biosensor was developed based on target-driven rolling
walker with improved binding power of track for detection of circulating tumor
DNA.

. Therolling walker did not need addition of external strands to drive walking, for
all walker components were immobilized on the sensing surface.

. The movement of the multiple-legged walker was guided by strand displacement
reactions, thus avoiding the steric hindrance effect brought by protein enzymes.

. Doxorubicin@tetrahedron-Au was used as electrochemical signal tags.

5. The multiple-legged walker was performed in clinical samples with credible

results.
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