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Abstract

DNA 3'-phosphatase is an essential enzyme, whieysph pivotal role in
repairing DNA damage. The peculiar activity of DISAphosphatase has been proved
to associate with a variety of human pathologidseré&fore, sensitive determination
of DNA 3'-phosphatase is necessary for clinicalgdasis and therapy. Here, we
develop a simple, sensitive, and specific fluorest@osensor including three DNA
chains of hairpin DNA1, hairpin DNA2 and fluorescenprobe DNA (FP) for
detecting the activity of DNA 3'-phosphatase. Fitgbtin-modified hairpin DNA1
binds with streptavidin-modified magnetic beads (Mi#® get MB-DNA1l. DNA
3'-phosphatase can hydrolyze phosphate groups orDNUBL to form hydroxyl
groups, which leads to the polymerization extensand nicking endonuclease
cleavage reaction to obtain the trigger DNA1 fraglm@DNA1). Next, two cyclic
amplification reactions are designed. In cycle he tDNA1 hybridizes with the
hairpin DNA2, which leads the hairpin structure BINA2 opened and the
fluorescence signal of 6-carboxy-fluorescein (FAEHeled on hairpin DNA2 turned

on. This cyclic reaction is amplified by exonucledl (Exo Ill). At the same time,
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the trigger DNA2 fragment (tDNA2) is obtained. Igcte Il, similarly, the tDNA2
hybridizes with FP. Thus, the fluorescence sigrfaFAM labeled on FP released,
which multiplies with the fluorescence signal framycle I. Finally, this strategy is
applied to determine two typical DNA 3'-phosphasaseluding T4 polynucleotide
kinase (T4 PNK) and alkaline phosphatase (ALP) whih detection limit (LOD) of
0.0033 and 0.00037 U/mL, respectively. The methodides a promising platform to
evaluate the DNA 3'-phosphatase activity in the glcated biological samples and
can be potentially applied in the relevant field&ls as biomedical research, drug
discovery and clinical diagnosis.

Keywords: T4 polynucleotide kinase; alkaline phosphatasepréacence;

exonuclease lll; cascade recycling amplificatioacten.
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1. Introduction

The breakdown of DNA strands caused by many endagemr exogenous
factors, such as exogenous genotoxic agents, mniadiation, endogenous stress
induction, is considered as an important damage [¥p The phosphate group at the
3' end of DNA is a ubiquitous product of DNA damaggich induces mutations in
the gene to affect the organism adversely. Thezefoefore repairing DNA strands,
the 3' phosphate ends must be converted to hydgoawyips [2-3]. In general, this task
can be accomplished by the DNA 3'-phosphatasedlite phosphodiesterase activity.
Thus DNA 3'-phosphatase plays a very important ilsany biological processes,
such as gene transcription, cell metabolism andohagical function. On account of
its biological significance, sensitive detectiondiflA 3'-phosphatase is of great value
for diagnosis and treatment of disease.

T4 polynucleotide kinase (T4 PNK) and alkaline pgitetase (ALP) are two
typical DNA 3'-phosphatases. T4 PNK is a bifunctioenzyme with both kinase and
phosphatase activities [4], which not only transfigrey-position phosphate group on
adenosine triphosphate or other nucleoside trighatss to the 5 end of DNA or
RNA, but also removes the phosphate group at then@' of DNA or RNA. ALP
widely distributes on various cell membranes of hlnenan body and can hydrolyze
various phosphate esters under alkaline conditibrshows relatively lower activity
and lower specificity in comparison with T4 PNK.

Traditional methods to detect DNA 3'-phosphataselude absorption
spectrophotometry [5], immunoassay [6], ground estatsotope labeling,
polyacrylamide gel electrophoresis and ray selfkireg [7-9], which are partly
limited in practical application due to the compleperation or radioactive hazards.
Therefore, some new determination methods for DNfh®sphatase have been
established, including electrochemistry, chemilusstence, fluorescence and
colorimetry [10-14]. In response to the high thropgt and high sensitivity [15-18],
fluorescence analysis approaches are developed Mall example, Zhu [19)sed

graphene oxide (GO) as platform and a hairpin priem&l polymerase as extended
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reaction system for the detection of DNA 3'-phospba and its inhibitors. Song [20]
developed a high-throughput detection platformrial-time quantification of DNA
3'-phosphatase based on universal molecular beadttheugh these methods have
made great progress, it still needs to further owprthe analytical performance and
detection sensitivity for DNA 3'-phosphatase.

DNA cyclic amplification is a cost-effective methad improve the detection
sensitivity with easy coding operational rule. Hoe®e non-specific amplification
often occurs during the process, resulting in hlgckground signal and low
signal-to-noise ratio. Therefore, it is importaotdesign a DNA cyclic amplification
method to avoid non-specific hybridization.

Under guidance of this requirements and principles,propose a new method
for the detection of DNA 3'-phosphatase based @meslease Il (Exo lll)-assisted
cascade recycling amplification reaction. Two kinofs DNA sequences (hairpin
DNA2 and FP) are designed with the modification dtie fluorophore
6-carboxy-fluorescein (FAM) and the quenching gradBlack Hole Quencher 1
(BHQL1), respectively. Since FAM is close to BHQIUuofescence resonance energy
transfer (FRET) occurs and it causes the fluorese@i FAM quenched. However,
when DNA 3'-phosphatase is existed, a series of Ibassisted cleavage reactions
make the hairpin DNA2 and FP fragmented and therélscence of FAM turned on.
In this way, the fluorescence signals of the systeensuperimposed and the detection
limit for DNA 3'-phosphatase can be improved. Apalhis strategy is applied to
perform T4 PNK and ALP spiked experiments in HekH extract and diluted human

serum, respectively.

2. Experimental

2.1 Chemicals and materials

Streptavidin-modified magnetic beads (MB, 5 mg/rilQ um) were purchased
from Tianjin Baseline ChromTech Research Centreanjin, China). T4
polynucleotide kinase (T4 PNK, 10000 U/mL) and ds#uting solvent (70 mM
Tris-HCI, 10 mM MgC}, 5 mM DTT), alkaline phosphatase (ALP, 1000 U/naibd
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its diluting solvent (50 mM KAc, 20 mM Tris-Ac, @M Mg(Ac),, 100pug/mL BSA),
the nicking endonuclease (Nb.BbvCl, 10000 U/mL)erdw fragment polymerase
(KF polymerase, without 3' to 5' exonuclease atgtivs000 U/mL), and exonuclease
[l (Exo 11, 10000 U/mL) were bought from New Eragld Biolabs Inc. (Beijing,
China). N,N,N',N'-tetramethyldiethylamine (TEMED)aVO, were obtained from
Energy Chemical (Shanghai, China). 6 x DNA loadiujfer, 20 bp DNA Ladder,
and SYBR Gold were purchased from Takara Bio InBaligan, China).
Deoxynucleotide  solution mixture (dNTPs), 30% aanyide/methylene
bisacrylamide solution and DNA sequences were edlétom Sangon Biotech Co.,
Ltd. (Shanghai, China). The reagents used in tperaxents were of analytical grade
and used without further purification. The waterswaovided by Milli-Q Ultrapure
Water System (Millipore). The sequences of oligdaoiide probes used in this work
are listed in Table 1.

Table 1 DNA sequences used in the experiments

Oligonucleotides name Sequence (5'-3") Description

Biotin-GAC GTT CTT TCA CTC The underlined letters indicate a
hairpin DNA1 ACT CAT CAT CTA CCT CAG sequence that can complement
(5.0 x 10° M) CGC TTATCG AAA AAA AAA  each other, the same below

ACG ATAAGC-P

BHQ1-ATG ATG AGT GAG The italicized letters represent the

TGAAAG CTC AAAAAA complementary sequence of
hairpin DNA2 AAAACTTTCACTCACTCA tDNAL; thebold letters represent
(3.0 x 10° M) TCAT-FAM-CTACCT CA the tDNA2 sequence; thdue

letters represent the sequence
complementary to FP

FP(3.0x15M)  FAM-TTG AGC TTT C-BHQ1

2.2 Apparatus

All fluorescence measurement experiments were padd on a RF5301PC
fluorescence spectrometer. The excitation wavelergjusted at 490 nm and the
emission wavelength at 520 nm. The excitationasld emission slit were 5 nm and 3

nm.
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2.3 Coupling hairpin DNA1 with MB

First, the magnetic beads (MB) modified with stesidin were dispersed using
an ultrasonic cleaner for 10 min. Then, dl0 of MB dispersion was taken out and
washed for three times with each 100Tris-HCI buffer (TH buffer, 70 mM, pH 7.9).
The MB was dispersed again in 0 of the TH buffer, then HiL of 5.0 x 10° M
biotin-modified hairpin DNA1 was added. The mixtuvas incubated at 37 °C for 2 h.
After magnetic separation and washing three timés the TH buffer, the MB-DNA1
were re-suspended in 10 of the TH buffer and stored at 4°C before furtbse.

2.4 DNA 3'-phosphatase catalyzed polymerization nking reaction

TenulL of MB-DNAL, 20 uL of 1 x T4 PNK buffer with different concentrati®n
of T4 PNK were incubated at 37°C for 40 min andHer at 65°C for 20 min. Then,
3.0 U Klenow fragment polymerase, 3™ dNTPs, and 6.0 U Nb.BbvCl were
added. The mixture was fixed to 10D and incubated at 37°C for 90 min and further
at 80°C for 20 min. Finally, the magnetic separatas used to collect the
supernatant.

2.5 Exo lll-assisted reaction (cycle 1)

The supernatant (from 2.4 part) was mixed withl50f 3.0 x 10° M hairpin
DNA2 and 20.0 U Exo lll. The mixture was fixed t0@uL and incubated at 37°C
for 60 min. The relationship between T4 PNK concamdn and the fluorescence
signal from FAM on hairpin DNA2 was studied.

2.6 Exo lll-assisted cascade recycling amplificatoreaction (cycle | and cycle II)

The supernatant (from 2.4 part) was added to the&iso containing suL of 3.0
x 10°M hairpin DNA2, 5ul of 3.0 x 10> M FP and 35.0 U Exo lIl. The mixture was
fixed to 200uL and incubated at 37°C for 100 min. The relatigpdietween T4 PNK
concentration and the fluorescence signal from FétMboth hairpin DNA2 and FP
was studied.

2.7 Inhibition of the dephosphorylation reaction

NaoHPO, was selected as an inhibitor to study the inhipiteffect of T4 PNK
catalytic dephosphorylation. Ter. of MB-DNA1, 1.0 U/mL T4 PNK, 2QuL of 1 x
T4 PNK buffer, and different concentrations ofyNRO, were incubated at 37°C for

6
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40 min and further at 65°C for 20 min. The residstdps were the same as for
detecting the concentration of T4 PNK.
2.8 Real sample testing

T4 PNK activity was detected in diluted cell exteadHelLa cells were cultured
in Dulbecco’s modified Eagle’s medium (DMEM) supplented with 10% fetal
bovine serum (FBS) at 37 °C in a humidified atm@&phwith 5% CQ@incubator.
Hela cells (1 x 1%) were collected during the exponential phase ofvgn and
washed twice with ice-cold phosphate buffered smu(PBS, 0.01 M, pH 7.4). Then
the cells were suspended in 1.0 mL of cell lysifdviand incubated for 30 min on ice.
The mixture was centrifuged at 12000 rpm for 30 atid°C and the supernatant was
collected and 100 times - diluted with the TH bufféhe dilution was analyzed with

the same procedure as the detection of T4 PNK fiieibu

3. Results and discussion

3.1 Detection principle

The principle for detecting DNA 3'-phosphatase \igti based on Exo
lll-assisted cycling reaction is shown in Fig. irsE the hairpin DNA1 modified with
biotin at the 5' end is linked to streptavidin-nfati magnetic beads (MB) to form
multifunctional magnetic probes (MB-DNA1). In theregence of DNA
3'-phosphatase, the 3'-phosphate group of the ihalDdNALl is hydrolyzed to a
3'-hydroxyl group. In the presence of Klenow fragingolymerase and dNTPs, the 3'
end of the hairpin DNA1 can undergo growth extems@mproduce a complete duplex
[21]. The nicking endonuclease (Nb.BbvCl) can reupg and cleave the
complementary sequence of 5-CCTCAGC-3' of completeplex [22-24].
Furthermore, the complete duplex is formed againthie presence of Klenow
fragment polymerase and dNTPs. Simultaneously, tDNA released and
accumulated continuously.

After magnetic separation, tDNA1 can open hairpiNA2 via a front-end
mediated strand displacement reaction (SDR) to farmew double-stranded DNA.

Before the hairpin DNA2 is opened, the fluoresagoup FAM labeled on the hairpin
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DNAZ2 is close to the quenching group BHQ1, fluoszse resonance energy transfer
(FRET) occurs between the FAM and BHQ1, and theréscence signal of the FAM
is quenched [25] (the structures of FAM and BHQ4 sinown in Fig. S1). After the
hairpin of DNA2 is opened by tDNA1, FAM is sepadhttom BHQ1l and its
fluorescence signal is turned on.

Exonuclease Il (Exo Ill) as a nuclease, can selelgt catalyze the
hydrolyzation of mononucleotides from the blunttloe recessed 3'-hydroxyl termini
of duplex DNA [26]. When Exo Il is added, it caamove the mononucleotides from
the 3' terminus of the hairpin DNA2 and release entdkNA1 and tDNA2. The
tDNA1 will continue to open the hairpin of DNA2 amaitiate the cycling reaction
(cycle I). Meanwhile, tDNAZ2 is released continugualong with the cycle I.

Herein, tDNA2 can hybridize with FP to form doulsiganded DNA. With the
existence of Exo lll, FP is cleaved and more tDNa&& obtained to continue the new
cycling reaction (cycle Il). As the results, the MAnmodified FP is separated from
BHQ1 and the fluorescence signal of the FAM isaexst [27-28]. The fluorescence
signal from FAM is accumulated on account of the tycling reactions.

If DNA 3'-phosphatase does not exist in the reacsigstem, the phosphate group
at the 3' end of the hairpin DNA1 cannot hydrolyredhe hydroxyl group and all the
above reaction cannot be happened.

Here, the hairpin DNA2 and FP are designed basdeR#iI mechanism, which
must meet two conditions simultaneously. First, #mission spectrum of one
fluorophore (donor, FAM) overlaps with the absasptispectrum of another group
(acceptor, BHQ1). Second, the distance between fhatliescent groups is close
enough (generally less than 10 nm). The maximunsgon wavelength of FAM is
520 nm (see Fig. S2), and the absorption waveleragthe of BHQL1 is 480-580 nm.
Moreover, the distance between BHQ1 and FAM iststioe to the hairpin structure
of DNA2 and the short length of FP (3.4 nm [29]hefefore, the FRET can be

happened easily.
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207 3.2 Experimental feasibility
208 To verify the detection feasibility of T4 PNK adty the fluorescence

209 experiments were performed to assess the neces&ch component in the reaction
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system. In Fig. S2, the fluorescence spectra of Fsivdws that the emission
wavelength is around 520 nm under the excitatiometemgth at 490 nm. In Fig. 2,
curve ‘a’ exhibits the result of the reaction systéoart 2.4 and 2.5), showing the
largest fluorescence signal; curve ‘b’ represehes reaction system without adding
Exo lll, and the less fluorescence signal indicates necessity of Exo Il for the
sensitive measurement; curves ‘c’ and ‘d’ depiet tesult of the reaction system in
the absence of Klenow fragment polymerase and NICBlrespectively, meaning
their importance for the reaction system. Curveregresents the reaction system in
the absence of T4 PNK and only weak signal candsereed. It may be attributed to
the non-special cleaving of the Exo Il product.n@u‘f’ represents the pure hairpin
DNAZ2. Curve ‘g’ represents the reaction system authadding hairpin DNA2. Both
systems show no fluorescence signals. The abouiggsove that the T4 PNK is the

only factor to trigger fluorescence changes of eycl

a

T 1 T T
540 560 580 600
Wavelength (nm)

v T
500 520

Fig. 2 Fluorescence signals of the reaction systéimchanged components.
(a) The reaction system (with 10.0 U/mL T4 PNK)) {b (e) the reaction system without Exo |,
Klenow fragment polymerase, Nb.BbvCl and T4 PNKspextively; (f) only hairpin DNA2; (g)

the reaction system without hairpin DNAZ2.

The experimental feasibility was further confirméy polyacrylamide gel
electrophoresis (PAGE). As indicated in Fig. S3ieav strip is generated in lane 4,
which means the 3' end of hairpin DNAL is extendad forms a complete duplex
under the existence of Klenow fragment polymeraekile in the presence of all

components (lane 5), the strips of the hairpin DN#&id hairpin DNA2 become

10
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narrower and darker (compared with lane 6, abseh@d PNK), indicating that they
are consumed and the reactions are happened.

All these lines of evidence prove that the expentakedesign is feasible.
3.3 Optimization of the reaction conditions

The experimental conditions were optimized with §en Variable Method
including the critical concentrations and reactiomes. The reaction system was kept
a total of 200uL with 8 components. As shown in Fig. 3, the vaeahinclude the
concentrations of the dNTPs (curve ‘a’) and haifpMAL (curve ‘b"); the dosage of
Klenow fragment polymerase (curve ‘c’), nicking endclease Nb.BbvCl (curve ‘d’),
and Exo Il (curve ‘e’); the reaction times of degphorylation (curve ),
polymerization nicking (curve ‘g’) and Exo Ill (cug ‘h’). The results show that the
optimal experimental system includes 3d@ dNTPs, 5uM hairpin DNA1, 3.0 U
Klenow fragment polymerase, 6.0 U Nb.BbvCl, 20.&xb Ill, and the reaction times
of dephosphorylation, polymerization nicking, ahd €xo Il are 40, 90 and 60 min,
respectively.

HP DNAT] (uM) Dos T Kxo 111 (U
A [ 1(l| 15 2n|(;5 30 35 4nB=o mniagezoﬂ xe :‘H]() 40 C<

b +_ a [y i
4 / 4 4
e/
/| 2_

14 14 14 T T T T
i Wo 200 300 400 sou ] 00 40 60 80 100 120
[ANTPs] (pM) Time (min)

FIF,
FIF,

! ) 4 6 8 10
Dosage of Klenow palymerase (1)
Dosage of Nb.BbvCI (U)

Fig. 3 Effect of the various factors on the effiwg of the first cycling reaction.

(A) The concentration of dNTPs (a) and hairpin DN@&J); (B) the dosage of Klenow fragment
polymerase (c), Nb.BbvCl (d) and Exo Il (e); (@etreaction times of dephosphorylation (f),
polymerization nicking (g) and Exo Il (h). The aantration of T4 PNK is 10.0 U/mL. Error bars

are standard deviation of three repetitive measenésnthe following are same as n=3.

3.4 Fluorescence measurement of T4 PNK activity vithe first cycling reaction
(cycle )
Under the optimal experimental conditions, a sevfedifferent concentrations of

T4 PNK were added. The results show a positiveetation between the ratio of

11
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fluorescence intensity and the T4 PNK at the cotmagons ranging from 0 to 10.0
U/mL (Fig. 4A). As shown in Fig. 4B, when the contration of T4 PNK is increased
from 0.02 to 1.0 U/mL, the ratio of fluorescenceeimsity (F/kp) of the reaction
system have a good linear relationship with theceatration of T4 PNK, where F
and b indicate the fluorescence intensity in the presesmud absence of T4 PNK in
the reaction system, respectively. The linear i&gjom equation is Fj= 1.5247 C +
1.2829 with a correlation coefficient of R 0.9930, where C is the concentration of
T4 PNK. The LOD for T4 PNK is estimated to be 0.QV/&1L.

f\l ] I} 4.8

4.0

]
B 32
=

F/F,

2.4+

1.6

B e T
0.0 0.2 0.4 0.6 0.8 1.0

|T4 PNK] (U/mL)
: :

T T T 0.8 T T T T
540 560 580 600 0 2 4 6 8 10

Wavelength (nm) [T4 PNK | (U/mL)

500 520

Fig. 4 Fluorescence signals of the reaction systéndifferent concentrations of T4 PNK.
(A) The fluorescence spectra (a) 0; (b) 0.02; (6p0(d) 0.1; (e) 0.2; (f) 0.5; (g) 1.0; (h) 2.0); (
10.0 U/mL. (B) The relationship between T4 PNK camication and the ratio of fluorescence

intensity. (n=3)

3.5 Principle of two cycling reactions

In the light of above investigation, we demonstlateat the activity of T4 PNK
can be detected on the basis of Exo lll-assistetingyreaction. The tDNA2 released
from the first cycling reaction (cycle I) can parfpate in the second cycling reaction
(cycle 1) and the fluorescence signal is furthelaeged (Fig. 1), which will make a
positive contribution to the analysis sensitivity ©4 PNK. The experimental

feasibility and gel electrophoresis results arexshim the Fig. S4 and Fig. S5.
3.6 Fluorescence measurement of T4 PNK activity viavo cycling reactions
Certainly, Exo 11l should be consumed more in twaling reactions than in the

first cycling reaction. Therefore, the dosage ob Bk and the reaction time of Exo llI

12
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are optimized. The optimal conditions are 35.0 d 400 min, respectively. (Fig. S6).

Under these optimal experimental conditions, theorftsscence signals were
measured at the different concentrations of T4 PRNi€ results are shown in Fig. 5A.
The fluorescence intensity increases with the smed concentration of T4 PNK from
0 to 1.0 U/mL. As shown in Fig. 5B, a good linealationship is obtained between
the ratio of fluorescence intensity and the T4 P&dficentration (C) ranging from
0.005 to 0.2 U/mL, with a regression equation dfFf 3.7450 C + 1.1239 (&=
0.9958). The LOD for T4 PNK is as low as 0.0033 U/rfower than the most
reported (Table 2). This is due to two main reasbirst, the magnetic separation can
effectively avoid the non-specific hybridizationtheen DNA1 and DNA2 or FP.
Second, the two cycling reactions triggered by Bkbenefit to enhance the analysis
sensitivity of T4 PNK.

As shown in Table 2, the LOD reported in referef83} is lowest and the linear
range is wide, which is mainly attributed to thepésbranched rolling circle
amplification reaction, which is highly efficienbd lead to the high sensitivity. In our
work the cyclic amplification reaction initiated ko Il is much more economical
because the raw materials can be recycled repgatedaddition, the method is

simple and has advantage on a shorter total opertne.

A 35 B 32
3.0 48
2.5

s = 244
& 2.0-
1.0 1.6
0.5 1.2+

0-0 T T T T T T T T T T T

500 520 540 560 580 600 00 02 04 06 08 1.0

Wavelength (nm) [T4 PNK] (U/mL)

Fig. 5 Fluorescence signals of the reaction systéindifferent concentrations of T4 PNK.

(A) The fluorescence spectra (a) 0; (b) 0.0050(61; (d) 0.02; (e) 0.05; (f) 0.1; (g) 0.2; (h) OB
1.0 U/mL. (B) The relationship between T4 PNK cartcation and the ratio of fluorescence
intensity. (n=3)
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Table 2 Comparison of the previous detection metHodT4 PNK activity

Signal readout LOD (U/mL)  Linear range (U/mL) Ref.
electrochemistry 0.01 0.01-0.1 [30]
electrochemistry 0.02 0.05-10.0 [31]

colorimetry 0.06 0.1-100.0 [32]
fluorescence 0.0000436 0.0001-1.0 [33]
fluorescence 0.001 0.001-0.1 [34]
fluorescence 0.005 0.005-0.2 [35]
fluorescence 0.01 0.01-10.0 [36]
fluorescence 0.02 0-0.25 [37]
fluorescence 0.05 0.05-10.0 [38]
fluorescence 0.0033 0.005-0.2 This work

3.7 Selectivity of T4 PNK activity assay

To verify the specificity of the method for T4 PNkhe influence of other
proteins on the assay has been investigated. The sancentration (1.0 U/mL) of
DNA adenine methylation methyltransferase (Dam)thylation-sensitive restriction
endonuclease (Dpnl), uracil-DNA glycosylase (UD®J, polynucleotide kinase (T4
PNK) and 100 mg/mL of bovine serum albumin (BSAY amymotrypsin (CHT), as
well as the blank experiment (not added T4 PNK)ewtssted, respectively. The
results are shown in Fig. 6. The ratio of the fasmence signal (R{JFupon addition
of T4 PNK is far higher than that of other subsemcThis proves that the

experimental method has a good selectivity.
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Fig. 6 Fluorescence signals of the different resctiystems (n=3).

3.8 Inhibition evaluation

Disodium hydrogen phosphate @N#O;) is selected as a representative
inhibitor to study the inhibitory effect on T4 PNR9]. Fig. S7 shows the effect of
NaHPO, on the activity of T4 PNK. I values (which represents the concentration
of the inhibitor required, when half of the enzyawtivity is inhibited) of NgHPO, is
found to be 19.0 mM. The results indicate that phgposed method is feasible for
evaluating the action of the DNA 3'-phosphataséitdr.
3.9 Assay of phosphatase in biological sample

In order to verify the practicability of the expmental method in real sample, T4
PNK in diluted cell extracts was detected by stat@daldition method. As shown in
Fig. 7, the results in the buffer and in dilutedl egtracts are similar, which indicates
the method has a good practicability. The spikedwery of T4 PNK in diluted cell
extracts are tested as between 94.0% and 110.0Botlet RSD lower than 5.3%
(Table 3).
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Fig. 7 Detection of T4 PNK in buffer and 1% HelLd extract (n=3).

|

Table 3 Recovery of T4 PNK in spiked cell dilutisamples (n=3)

Number Added (U/mL) Found (U/mL) Recovery (%) RSB)(
1 0.005 0.0052 104 3.3
2 0.010 0.011 110 35
3 0.020 0.019 95 5.3
4 0.050 0.047 94 4.3
5 0.10 0.098 98 3.1

At last, the similar experiments on detection ofPAwere performed and their

results were shown in supporting information.
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4. Conclusion

In this work, a method with good sensitivity andesgvity was designed to
detect the activity of DNA 3'-phosphatasey usinge tltharacteristics of
polymerization-nicking reaction and Exo lll-asséteascade recycling amplification
reaction. The lower LOD for the enzymes origindtesn magnetic beads separation
and the tandem cyclic amplification reaction. TH¢AD3'-phosphatase activity can be
detected in buffer as well as in biological sampldewever, the sensitivity is not
enough yet for determination of DNA 3'-phosphatasehe dilution of biological

samples and the method must be improved furthegsriostical application.
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Highlights

1. Magnetic beads are introduced to avoid non-specific hybridization.
2. The tandem cyclic amplification reaction increases the sensitivity.
3. Magnetic separation achieves the separation quickly and effectively.

4. This method has a good selectivity for analyte.



