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ABSTRACT: In the current study, the DNase-like activity of the
Dawson-type polyoxometalate K4[P,Mo,30¢,] was explored. The
obtained findings demonstrated that K¢[P,Mo,3O¢,] could
effectively cleave phosphoester bonds in the DNA model substrate
(4-nitrophenyl phosphate) and result in the degradation of plasmid
DNA. Moreover, the application potential of this Dawson-type
polyoxometalate as a DNase-mimetic artificial enzyme to degrade
extracellular DNA (eDNA) in Escherichia coli (E. coli) bacterial
biofilm was explored. The results demonstrated that
K4[P,Mo,50¢,] exhibited high cleavage ability toward eDNA
secreted by E. coli and thus eradicated the bacterial biofilm. In
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conclusion, Dawson-type polyoxometalate Ks[P,Mo,50,] possessed desirable DNase-like activity, which could serve as a bacterial
biofilm eradication agent by cleaving and degrading eDNA molecules.

1. INTRODUCTION

Polyoxometalates (POMs) are a diverse group of metal—oxygen
clusters formed by oxygen bonding of transition-metal ions
(such as Mo, W, V, Nb, etc.) ,! which have been discovered over
the past 200 years.” To date, 10 basic topology structures of
POMs (Keggin, Dawson, Silverton, Anderson, Waugh,
Lindqvist, Weakley, Standberg, Finke, and Preyssler) have
been discovered,® with Keggin and Dawson structures being
most extensively studied.*™° Recently, emerging multidiscipli-
nary research in POM chemistry further revealed a series of
POM clusters with novel topologies and high-dimensional
extended architectures, such as lanthanide-functionalized
POMs,”~” POM-based supramolecular frameworks,'® POM-
based inorganic—organic hybrids,"' ~'* etc.

In the past two decades, research progress in POM chemistry
has unraveled the great potential of POMs in many useful
applications, such as chemical catalysis,'”'® electrochemical
sensors,'” pharmaceutical analysis,''” protein crystallization,”’
antitumor therapy,u’22 and antimicrobial treatment,”>** etc.
Besides, it is also worth mentioning that several Dawson-type
POMs (e.g, H¢[Mo,50¢,P,], etc.) have been reported as
tyrosinase inhibitors and used for mushroom preservation,
showing the great potential of POM:s for food preservation.”*>°
Moreover, recent studies have further noted that the POMs
could function as artificial nucleases. Particularly, the nuclease-
like activity of Keggin-type POMs has already been well
illustrated. For instance, Luong et al. reported that the Keggin-
type POM [(a-PW,,03yZr(u-OH)(H,0)),1*~ (ZrK 2:2) could
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cleave the supercoiled plasmid into the linear form.”” The
Keggin-type POM with a similar structure (Et,NH,)s[(a-
PW,,050Zr(u-OH)(H,0)),]-7H,0 (ZrK 2:2) was also found
to hydrolyze the ester bond of 2-hydroxypropyl-4-nitrophenyl
phosphate (HPNP, a model RNA substrate).”® However, to the
best of our knowledge, there is still a lack of knowledge about the
nuclease activity of other types of POMs, though evidence
suggests several Well-Dawson POMs (Zr[a,-P,Wy;],, Hf[a,-
P,Wi5]5), ([Zry(PaW16056),(13-0),(OH),(H,0),]') may
catalytically hydrolyze phosphoester bonds in DNA model
substrates [4-nitrophenyl phosphate (NPP) and bis-4-nitro-
phenyl phosphate (BNPP)]***® and RNA model substrate
(HPNP).” However, their nuclease-like activity has not yet
been confirmed in DNA molecules. Therefore, in the current
study, a Dawson-type POM Kg[P,Mo,04,] was synthesized,
and its nuclease-like activity was first determined using both the
DNA model substrate (4-nitrophenyl phosphate) and plasmid
DNA.

Moreover, the application of a DNase-like compound to
degrade extracellular DNA (a kind of nucleic acid existing in
bacterial extracellular biofilm) has been proposed as an effective
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Figure 1. Synthesis and characterization of Dawson-type POM K¢[P,Mo0,30¢,]. (A) Picture of as-synthesized Ks[P,Mo0,40¢,]; (B) Fourier transform
infrared spectra; and (C) UV—visible spectra of as-synthesized K¢[P,Mo,50¢,].

strategy to prevent, disperse, or sensitize bacterial biofilm. For
instance, Yu et al. showed that DNase I, but not protease, could
break down the microbial biofilm.*’ Panariello et al. also
reported that DNase I significantly reduced eDNA in Candida
albicans biofilms.>> However, the relatively high price and low
stability greatly limited the practical potential of DNase I in
eradicating bacterial biofilm.**** Therefore, the potential
application of this Dawson-type POM as a bacterial biofilm
eradication agent was also tested in the current study.

2. MATERIALS AND METHODS

2.1. Materials. Sodium molybdate dihydrate (99%),
phosphoric acid (85%), hydrochloric acid (SCR, 36—38%),
potassium bromide (90%), and 4-nitrophenyl phosphate
disodium salt hexahydrate (NPP, 99%) were purchased from
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Macklin. Escherichia coli (E. coli) O157/H7 was purchased from
the China Industrial Culture Collection.

2.2. Synthesis and Characterization of Dawson-Type
Polyoxometalate K¢[P,M0,30¢,]. The Dawson-type POM
K4[P,Mo,304,] was prepared according to Hu et al.* In brief,
40 g of sodium molybdate dihydrate, 6 mL of phosphoric acid,
and 33 mL of hydrochloric acid were heated at reflux in 100 mL
of purified water for 8 h. Then, 40 g of potassium bromide was
mixed in a solution cooled to room temperature and left
overnight at 4 °C to recrystallize. The solids collected through
vacuum filtration were then dissolved in 100 mL of purified
water to remove impurities. Recrystallization was repeated three
times to ensure the high purity of the compound. Finally, the
yellow compound obtained through filtration, named Dawson
POM K,[P,Mo,3Oq,], was dried at room temperature for later
use.

https://doi.org/10.1021/acsomega.3c04790
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Figure 2. Complete degradation of the plasmid by Dawson-type POM K4[P,Mo,30¢,]. Lane 1 DL15,000 DNA marker. Lane 2 plasmid DNA was
incubated at 37 °C. Lane 3—8 plasmid DNA was incubated with 0.25 mM K4[P,Mo,40¢,] at 37 °C for 0—24 h. Lane 9 plasmid DNA was incubated
with 0.25 mM K¢[P,Mo;30¢,] at 22 °C for 0—24 h. Lane 10—11 plasmid DNA was treated without or with DNase I for 1 h.

Infrared spectra of K¢[P,Mo0,30¢,] (4000—500 cm™") were
recorded using a Tensorii Fourier transform infrared spec-
trometer (Bruker, Billerica MA, USA). The UV spectrum was
measured by a NanoDrop 2000 spectrophotometer (Thermo
Scientific, Waltham, MA, USA) in the range of 200—400 nm
when the concentration of K4[P,Mo,30¢,] was 0.15 mg/mL.

2.3. Plasmid DNA and Genomic DNA Degradation
Assay. Plasmid DNA and genomic DNA were extracted by the
E.ZN.A. plasmid DNA mini kit I or E.Z.N.A. Bacterial DNA kit
(omega) from E. coli. Subsequently, plasmid DNA or genomic
DNA solution and K¢[P,Mo,30q,] solution were mixed and
incubated for different periods of time before agarose gel
electrophoresis was performed to detect DNA breakage.

2.4. Fluorescence Quenching Assay. According to the
method of Lu et al.,*® 10 mg of calf thymus DNA (ctDNA) was
dissolved in 10 mL of sterile enzyme-free water, and 1 pL
GelRed nucleic acid dye was added to obtain a GelRed—DNA
mixture. Then, 100 yL of GelRed—DNA mixture and 100 yL of
K4[P,Mo0,;40¢,] solution (at different concentrations) were
mixed in a 96-well black base plate. After incubation for 10 min,
the fluorescence spectra at an emission wavelength of 540—800
nm were determined by a multimode microplate reader
(Molecular Devices, U.S.A).

2.5.NMR Spectroscopy. The experiment was carried out as
reported by Vanhaecht et al.* Sterile and enzyme-free water was
precisely configured with a 20 mM K¢[P,Mo,50,] solution and
DNA simulant 4-nitrophenyl phosphate disodium salt hexahy-
drate solution (NPP), and the two liquids were evenly mixed by
equal volume. Subsequently, the pH of the mixed solution was
adjusted to 6.79. After incubation at 37 °C for different times,
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the NMR spectra of the mixed liquid were determined by an
AVANCE Neo 600 m full digital NMR spectrometer (Bruker,
Billerica, MA, USA).

2.6. Quantification of Biofilm Production by a Micro-
titer Plate Assay. E. coli was cultured in 200 uL of LB liquid
medium in a 96-well plate at 37 °C for 2 days without shaking.
Then, the plates were rinsed slowly with PBS three times to
remove floating bacteria. Next, 200 uL of K¢[P,Mo5Oq;]
solution was added to the plate and incubated at 37 °C for 4 h.
DNase I solution was used as the positive control. Then, the
plates were rinsed slowly with PBS before a crystal violet (1%)
aqueous solution was added to stain the bacteria for 15 min.
Finally, after rinsing with PBS again, 200 uL of anhydrous
ethanol was added, and the optical density was determined at
570 nm.

2.7. Confocal Laser Scanning Microscopy. E. coli was
cultured in LB liquid medium in a 6-well plate containing cell
slides (diameter: 9 mm) and cultured at 37 °C for 2 days. Two
days later, the cell slides were removed and slowly rinsed with
PBS three times to remove the floating bacteria on the cell slides.
Then, the slides were placed in K4[P,Mo,304,] solutions of
different concentrations, and DNase I was used as the positive
control. After incubation at 37 °C for 4 h, the biofilm-coated cell
sliders were slowly rinsed with PBS three times and fixed with
2.5% glutaraldehyde for 30 min. Then, the cells were stained
with 0.01% acridine orange (W/V) under dark conditions for 15
min. Finally, after washing PBS, confocal laser scanning
microscopy was used for the observation of biofilm. The
observation conditions were an emission wavelength of 525 nm
and an excitation wavelength of 488 nm. The three-dimensional
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Figure 3. Fluorescence spectra of GelRed—ctDNA quenched by Dawson-type POM K4[P,Mo,30¢,]. The ctDNA and GelRed nucleic acid dye
mixtures were incubated with K4[P,Mo,304;] (at different concentrations). The fluorescence spectra at an emission wavelength of $40—800 nm were

determined by a multimode microplate reader.

structure of the biofilm was mapped using a ZEN Lite 2012 (Car
Zeiss Microscopy GmbH, Germany).

2.8. Quantification of Biofilm eDNA. The eDNA in
biofilm was quantified according to previous literature.”” In
brief, biofilms were grown in LB liquid medium in a 96-well plate
at 37 °C for 2 days without shaking before being incubated with
Kg[P,Mo504,] for 4 h. After the medium was carefully removed
and the biofilm of each well was properly disintegrated and
dissolved in 200 uL of H,O by agitation for S min. After
centrifugation at 8000g for 10 min, the supernatant was
collected. The supernatant was transferred to a tube, and
eDNA was further extracted using phenol/chloroform/isoamyl
alcohol (25:24:1) extraction and ethanol precipitation. The
obtained eDNA was then %uantiﬁed by real-time PCR according
to the previous literature®” using SYBR Green Master Mix and
primers targeting the reference gene purA (purA-F: S'-
GGGCCTGCTTATGAAGATAAAGT-3'; purA-R: 5'-
TCAACCACCATAGAAGTCAGGAT-3'). Purified E. coli
genomic DNA at known concentrations was subjected to real-
time PCR to generate a standard curve used to normalize the
concentration of eDNA in the unknown samples.

2.9. Statistical Analysis. All experimental measurements
were conducted at least in triplicate, and the reported data points
are expressed as the mean + standard deviation where feasible.
Origin 2021 was used to analyze the data and prepare the figures.
A p-value of less than 0.05 was reported as statistically
significant.

3. RESULTS

3.1. Synthesis and Characterization of Dawson
Polyoxometalate K¢[P,M0,30¢,]. The Dawson POM
K4[P,Mo,304,] was synthesized according to a previous report.
The obtained powder showed a light-yellow color (Figure 1A),
which was subsequently characterized by infrared spectra. The
results showed the characteristic peaks of [P,Mo505,] at 769,

900, 908, and 1086 cm™! (representing the stretching vibration
characteristic peaks of Mo—O.—Mo, Mo—O,—Mo, Mo—0y,
and P—O,, respectively) (Figure 1B). The UV spectra also
showed a strong absorption peak appearing at 220 nm, which
can be attributed to the charge transfer transition of O4—Mo,
while another weak peak at 320 nm might belong to the charge
transfer transition of Oy,.—Mo (Figure 1C). Indeed, the
obtained infrared spectra and UV spectra were consistent with
the IR and UV properties of POM Hg[P,Mo,40q,] reported
previously.”” Taken together, the results showed that the
Dawson POM K¢[P,Mo,30q,] was successfully synthesized.

3.2. Plasmid DNA Degradation in the Presence of
Dawson Polyoxometalate K;[P,M0,304,]. To determine
the potential nuclease-like activity of K¢[P,Mo,4Og,], the
cleavage and fragmentation of plasmid DNA induced by
K4[P,Mo,404,] were visualized by agarose gel electrophoresis.
As shown in Figure 2, upon incubation with K4[P,Mo,404,], the
supercoiled plasmid DNA could be cut into a linear form
quickly, which was the same as the action of Keggin-type POM.
Interestingly, further incubation (>8 h) with K4[P,Mo,30¢,]
resulted in the plasmid DNA becoming smeared, and a longer
incubation period resulted in more obvious degradation of the
plasmid DNA fragmentation, which is similar to the phosphatase
activity of DNase I Interestingly, in the previous report,
incubation of plasmid DNA with Keggin-type POM up to 46 h
only resulted in the formation of linear plasmid DNA,”
indicating these two types of POMs might both cleave plasmid
DNA but in different ways. In addition, we also tested the
nuclease activity of K4[P,Mo,30¢,] against plasmid DNA at
room temperature (22 °C). The result demonstrated that
Kg[P,Mo,304,] could also effectively degrade plasmid DNA,
though the reaction became slower due to the decrease in
temperature.

3.3. Fluorescence Quenching Analysis of the Inter-
action between Kg[P,M0,304,] and DNA. The artificial
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Figure 4. '"H NMR—NMR spectra of the DNA model substrate (NPP) incubated with Dawson-type POM K¢[P,Mo,3O¢,] in different time intervals.
K4[P,Mo,40¢,] and DNA simulant 4-nitrophenyl phosphate disodium salt hexahydrate solution (NPP) were evenly mixed and incubated at 37 °C at
different times. The NMR spectra of the mixed liquid were determined by an AVANCE Neo 600 m full digital NMR spectrometer.
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Figure S. Eradicating effect of Dawson-type POM K¢[P,Mo,40,] on the E. coli biofilm. (A) Eradicating effect of K4[P,Mo0,30¢,] on the biofilm
observed by crystal violet staining; (B) biofilm quantification (ODjyq ) of above crystal staining; (C) eradicating effect of K4[P,Mo,50¢,] on biofilm
observed by confocal laser scanning microscopy. Different lowercase letters represent significant differences (p < 0.05).

nucleases often possess the ability to interact with DNA and thus with c¢tDNA. As shown in Figure 3, the excited fluorescence
quench the DNA fluorescent probe.** Here, we also tested the intensity of the GelRed—DNA complex at 610 nm decreased
quenching effects of Ks[P,Mo,50¢,] on GelRed nucleic acid dye gradually upon the addition of K¢[P,Mo,50¢,] with a dose-
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Figure 6. Catalytic activity of K¢[P,Mo,30¢,] in the hydrolysis of eDNA in the biofilm. (A) Quantification of eDNA in unwashed E. coli biofilms
present in 96-well plates. The experimental wells with E. coli biofilms were loaded with K¢[P,Mo,50¢,] or DNase L. The total eDNA in each well was
quantified by real-time PCR using primers specific for purA. (***p < 0.001). (B) Cleavage of genomic DNA of Escherichia coli catalyzed by
K4[P,M0,30¢,]. Lane 1 DL15,000 DNA marker. Lane 2 genomic DNA incubated with DNase I at 37 °C for 16 h. Lane 3—9 genomic DNA was

incubated with 4 mg/mL K¢[P,Mo,30¢,] at 37 °C for 0—16 h.

dependent trend, indicating that the POM K4[P,Mo,304;]
might competitively bind to ctDNA, resulting in less interaction
between GelRed nucleic acid dye and ctDNA.

3.4. Hydrolysis of DNA Analogue 4-Nitrophenylphos-
phate Disodium (NPP) by K[P,Mo0,304,]. To further
confirm the phosphatase activity of K¢[P,Mo,30q,], we also
determined the hydrolysis of NPP (a DNA mimic commonly
used as a model substrate to present the phosphate bond in
DNA™") in the presence of K4[P,Mo0,304,]. The NMR analysis
was performed to monitor the hydrolytic reaction of NPP (2.0
mM) with K¢[P,Mo,304,] (2.0 mM) at different time intervals.

As can be seen from Figure 4, The 'H NMR spectra showed
that in the course of the hydrolytic reaction, the resonances of
the ortho-protons of NPP (7.34 and 8.22 ppm) gradually
weakened, and new resonances (6.89 and 8.18 ppm) appeared,
unambiguously attributed to the ortho-protons of p-nitrophenol
(NP).”® Meanwhile, with the increase in reaction time, the NP
formant gradually shifted to the right, which is a high-field
displacement caused by the hydroxyl group in NPP rather than
the presence of a phosphate group.”’ Therefore, the
experimental results also confirmed that K [P,Mo4Og,]
possesses phosphatase activity and can hydrolyze the phosphate
ester bonds in the DNA analogue NPP to form NP.

3.5. Eradicating Effect of K;[P,Mo0,30¢,] on the E. coli
Biofilm. To further explore the potential uses of the artificial
nuclease activity of K4[P,Mo,30q,], we further explored its
scavenging potential for E. coli biofilms. Crystal violet staining
and three-dimensional confocal laser scanning microscopy were

used to analyze the antibiofilm efficacy of K¢[P,Mo,350¢,]. As

can be seen from Figure SA, an obvious biofilm was formed in
the control group after incubation for 48 h at 37 °C. However,
both DNase I and Kg[P,Mo,30q4,] treatments effectively
eradicated the biofilm formation. The quantitative measure-
ments of the absorbance value at 570 nm also supported this
finding that less crystal violet stuck to the biofilm in the bacteria
treated with DNase I and K4[P,Mo,30¢,] (Figure SB).

The three-dimensional confocal laser scanning microscopy
also revealed that the K4[P,Mo,30q,] treatment changed the
thickness and surface morphology of the E. coli biofilm (Figure
SC). The overall structure of the biofilm in the control group
was dense and thick, with a slightly uneven surface but no holes.
However, the biofilms treated by DNase I and K¢[P,Mo;3O¢; ]
showed a thinner biofilm structure, with large areas of “holes”
sparsely appearing on the biofilm. These results indicated that
Kg[P,Mo,304;,] treatment could greatly disrupt the integrity of
the E. coli biofilm.

3.6. Cleavage of E. coli Biofilm eDNA by K¢[P,M0,30,].
To better understand the association between the nuclease
activity of K4[P,Mo,;3Oq,] and its antibiofilm activity, the
changes in eDNA amount present in each well of biofilms upon
K¢[P,Mo,304;,] treatment were determined by real-time PCR.
As shown in Figure 6, using purA as a reference gene, the average
amounts of eDNA in K¢[P,Mo,30¢,] (@4 mg/mL)-treated and
DNase I-treated wells were significantly reduced by factors of
about 3 and 4, respectively, compared with the untreated control
biofilm (Figure 6A), suggesting that K4[P,Mo,504,]-disrupted
bacterial biofilm could be attributed, at least partially, to its
eDNA cleavage activity. In addition, as previous studies showed
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that the eDNA in biofilms is similar to the bacterial genome
DNA,** the genomic DNA of E. coli was extracted and used as
the substrate to confirm the catalytic activity of Ks[P,Mo;30;]
in the hydrolysis of eDNA. As can be seen from Figure 6B,
K¢[P,Mo,30¢,] effectively cleaved genomic DNA, suggesting
that K4[P,Mo,304,] could promote the hydrolysis of natural
DNA:s, such as eDNA in the biofilm.

4. DISCUSSION

POMs represent a large class of polynuclear metal-oxo clusters
with a wide variety of physical and chemical properties. Since its
discovery in the 1700s, POM-related research has attracted
increasing attention from scholars in different disciplines. To
date, POMs are of interest in the fields of chemistry such as
chemical catalysis, electromcs, electronic sensors,* phy31cs,
magnetic materials, *® blomedlcme, antitumor, antivirus, anti-
bacterial, antidiabetic,*” etc.

In the past decades, the range of POM activities has been
continuously expanded. In particular, several studies have
reported that the POMs possess DNA-cleaving activity. For
example, dimeric tetrazirconium(IV) Wells—Dawson POM [ (a-
PW,,030Zr(u-OH)(H,0)),1*” (ZrK 2:2) was found to be
active toward hydrolysis of both DNA and RNA model
substrates. Particularly, the zirconium ion at the a2-position
was identified as the active site for the hydrolysis.”” Notably, in
another study reported by the same group, the potential
phosphatase activity of several metal-substituted Wells—
Dawson POMs (with the same structure but different metal
substitutions) was compared using the DNA model substrates
BNPP and NPP. The results also showed that the metal ion at
the a2-position was the determmmg factor for the phosphatase
activity of the POMs.” Here, our study also revealed that
Dawson-type POM K¢[P,Mo,30¢,] could result in complete
degradation of plasmid DNA, which is unique to the action of
Keggin-type POM [(a- PWHO39Zr(ﬂ OH)(H,0)),]* (ZiK
2:2) reported previously.”” The structure difference between
Keggin-type and Wells—Dawson-type POMs (e.g,, Wells—
Dawson sandwich-type POMs consist of two incomplete Keggin
sets) may contribute to the observed distinct DNA-cutting
patterns. Meanwhile, the molybdenum ions (instead of
zirconium ions) at the a2-position in K¢[P,Mo,30¢,] might
be another cause to promote the complete degradation of
plasmid DNA. However, further studies are needed to confirm
these hypotheses and explore the potential phosphatase activity
of other types of POMs (e.g., lacanary POMs or mixed metal
POMs).

Additionally, the results obtained from the fluorescence
quenching assay and NMR spectroscopy also supported the
above findings. Here, K4[P,Mo,304,] was found to reduce the
fluorescence intensity of the GelRed—ctDNA complex,
suggesting a potential competitive binding of K4[P,Mo,40;]
to the ctDNA. A similar observation was also reported for other
compounds with artificial nuclease activity. For example, Steiner
et al. showed that the artificial nuclease Cu(II) benzothiazole
complex could replace ethidium bromide and embed in DNA
competitively.** The NMR spectroscopy also revealed that the
phosphoester hydrolysis of DNA mimics NPP into NP and
could occur in the presence of K4[P,Mo,30q,]. Indeed, NPP
hydrolysis has been widely used to characterize the activity of
artificial nucleases such as cyclen-based artificial nucleases,Ar9
Zinc(II) complex with histidine-containing pseudopeptide™
well as Na14 Zr4(P2W16059) (u5-0),(OH),(H,0),]-57H, O
(ZrWD 4:2).”
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Bacteria do not always exist as dispersed single cells but could
also form structured surface-attached communities known as
biofilms, which pose a great threat to the health and food
industries. The bacteria in the biofilm are embedded in an
extracellular matrix, which plays key roles in regulating the
biofilm lifestyle and virulence. Indeed, the extracellular matrix
could account for over 90% of the biofilm dry mass, which is
composed of extracellular polysaccharides, eDNA, and proteins.
Since extracellular polysaccharides are considered as the major
structural components of the biofilm matrix, dispersion of
extracellular polysaccharide substances has become a promising
strategy to combat the biofilm.”" Recently, the pivotal role of
eDNA in maintaining biofilm structural integrity has also been
well recognized.sz’53 Therefore, a number of studies have
revealed that nuclease DNase I could effectively disrupt the
biofilm of various bacteria, such as E. coli”* Pseudomonas
aeruginosa,” Enterococcus faecalis,’® Staphylococcus aureus,”’
Listeria monocytogenes,”® and Vibrio parahemolyticus.””

However, high costs and low stability greatly limited the
practicality of DNase I as an antibiofilm agent in practice.”’
Indeed, the search for low-cost, stable, and easy-to-synthesize
DNase-mimetic artificial enzymes as antibiofilm agents has
drawn great attention in the past decades.’’ Here, as
demonstrated above, the Dawson-type POM Ky[P,Mo,40;]
could effectively remove mature E. coli biofilms and significantly
destroy the structure of the biofilm. Meanwhile, quantification of
eDNA by real-time PCR also showed that K¢[P,Mo,504;]
significantly reduced the content of eDNA in mature biofilms. It
is worth mentioning that the raw materials for K¢[P,Mo,30¢;]
synthesis are low-cost and the synthesis process has been well-
established; > therefore, these advantages will make this
Dawson-type POM a cost-effective antibiofilm agent with huge
potential for practical application.

5. CONCLUSIONS

In the current study, a Dawson-type POM K¢[P,Mo,30¢,] was
synthesized according to the literature, which possesses good
phosphatase activity and could degrade plasmid DNA in vitro.
Furthermore, this Dawson-type POM showed desirable
scavenging activity on the E. coli biofilm with the ability to
reduce the level of eDNA. In conclusion, the Dawson-type POM
K4[P,Mo,304,] could serve as a promising biofilm-degrading
artificial nuclease.
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