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Easy-to-use dipstick tests for detection of lead in paints using
non-cross-linked gold nanoparticle-DNAzyme conjugates

Debapriya Mazumdar, Juewen Liu, Geng Lu, Juanzuo Zhou and Yi Lu*

S1: Experimental details for lateral flow tests

a. Construction of lateral flow device

Lateral flow devices were constructed from membranes and pads obtained from
Millipore Corporation, Bedford, MA. Hi-Flow Plus Cellulose Ester Membrane with a
nominal capillary flow time of 240 seconds/4 cm and a nominal membrane thickness of
135 pum direct cast onto 2 mil polyester backing was used. The absorption pad and
wicking pad were cut from Millipore cellulose fiber sample pads, and the conjugation pad
was cut from the Millipore glass fiber conjugate pad. The absorption pad, wicking pad,
and conjugation pad were attached to a plastic adhesive backing in a way shown in Fig.

Ic. The overlap for each pad was ~2 mm, and the width was ~8 mm cut by a paper cutter.

b. Functionalization of gold nanoparticles with thiol modified substrate and formation of

enzyme-substrate complex

Gold nanoparticles (AuNPs) with an average diameter of 13 nm were prepared by the
citrate reduction method as reported in literature. Thiol modified substrate DNA was
activated by adding tris-carboxy ethyl phosphine in the ratio of 1:2 (DNA : TCEP) and
incubating at room temperature for 1/2 h. The gold nanoparticles were functionalized by

mixing the DNA with the as prepared nanoparticles to a final DNA concentration of 3
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UM and incubating for at least 16 h (Typically 9 pL of 1 mM DNA is added to 3 mL of
nanoparticles). NaCl was added to a final concentration of 100 mM and the
functionalized nanoparticles were ready to be used after one day incubation. DNA-
functionalized nanoparticles were purified by centrifugation. To prepare the enzyme-
substrate constructs, 1 mL substrate DNA-functionalized nanoparticles were purified and
re-dispersed in 50 pL of buffer containing 25 mM Tris (pH 8.0), 100 mM NaCl, 8%
sucrose. To this 5 pL of 1 mM enzyme was added and the sample was annealed by
heating at 70 °C for 2 minutes and slowly cooling to room temperature over ~1 h, to
obtain the hybridized construct of substrate functionalized with gold nanoparticles and
enzyme (called Enz-SubAuNP). For the tests where EDTA was used, the required

amount of EDTA was added to the solution before annealing.

¢. Reagents application on lateral flow device

5 pL of the construct, Enz-SubAuNP was spotted on the conjugation pad. 1.5 pL of 10
mg/mL streptavidin was applied on the control zone and 1.5 pL of 1 mM capture DNA
was applied on the test zone of the membrane using a 2 pL pipet. The devices were
allowed to dry for 6-8 hours. After drying, the device should be stored in an air tight

container with desiccant.

d. Detection.
Various concentrations of Pb*" were dissolved in a flow buffer containing 25 mM Tris
(pH 8.0) and 30 mM NaCl. The wicking pad of each device was dipped into the solutions

for ~10 mins till the liquid had migrated to the absorption pad. Then the device was
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placed flat on a plastic surface for the flow to continue for ~5 more minutes. The
dipsticks were scanned when dry. For the tests in which the Pb®" reaction was performed
in solution, 1 pL Pb solution was added to 5 pL of Enz-SubAuNP construct and the
reaction was allowed to proceed for 15 min. The reaction mixture was then applied on the
conjugation pad and the devise dipped into the flow buffer. All tests were performed at

room temperature (25 °C). The optimal working range is between 15 — 30 °C.

S2. Optimization of DNAzyme construct for the dipstick tests
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Fig. S2 Constructs used for the optimization of dipstick test. Construct (c) had the best
performance in the presence of Pb>" and was used for all other tests reported in this study.

+Pb*

I W

To optimize the sequence of the DNAzyme construct used for the dipstick tests, one arm
of the enzyme was elongated to 11 base pairs, instead of the 9 base pairs in the original
17E DNAzyme. (These bases have not been shown in the figure for clarity). The number

of base pairs on the other arm (which in linked to the AuNP) was varied in order to
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facilitate release. For the construct shown in Fig. S2a, there are 9 base pairs, and the
dipstick stick test with Pb*" doesn’t show any red line at the test zone. For the construct
shown in Fig. S2b, there are 6 base pairs, and the dipstick stick test with Pb*" shows a
faint red line at the test zone. This is because the release of the cleaved substrate piece
after Pb*" reaction is easier as only 6 base pairs are holding it. For the construct shown in
Fig. S2b, there are 6 base pairs, however in this case only the enzyme arm is reduced in
length to 6 bases whereas the substrate arm has 9 bases. The dipstick stick test with Pb*"
shows a dark red line at the test zone. By keeping the substrate intact, it is possible that
the activity of the DNAzyme is higher as the structural perturbation is less. In addition,
the capture of the cleaved piece at the test zone is better due to 3 additional base pairs
with the capture DNA. Construct (c) was used in all other tests reported in this study,
because its performance was the best amongst the constructs tested.

S3. Specificity

10/uM éach
Pb*| Ca?* Mg? Ni*'| Zn> Cd"\ Co*
\ 1
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|

Specificity was tested at 10 uM concentration of divalent metal ions.

S4. Detection of lead in paint
a. Experimental details for detecting lead from leaded paint samples made in the

laboratory
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Stock leaded paints of known Pb*" concentrations were prepared by mixing the white
latex paint or white oil-based paint with lead (II) carbonate, basic powder (Aldrich). A
5%8 cm rectangular area was cut out in a 3M-transparency film and this was used as a
template to make a rectangular paint films on pre-weighed transparency sheets by
applying a layer of the stock paint and gently removing the template. The film was
weighed immediately and the lead concentration was calculated. The sample was
allowed to dry for at least two days. A second layer of paint was applied over this to
simulate multiple paint layers in real houses.

A hole puncher was used to punch a hole of 0.283 cm” area and this was suspended in 0.3
mL of 10% acetic acid for ~ 3 h. The extract was separated, and diluted 10 times and
adjusted to pH 5.5 using 3 M sodium acetate.

For dipstick tests, 1 pL of the extract was added to 6 puL of the construct containing 50

uM EDTA and the test was done as described in S1, part d.

b. Calculation for estimating the lead amount extracted from paint

For a 1 mg/cm” paint film (prepared using the method described in S3a), a spot of 0.283
cm’ was punched for sampling

i) Pb*" amount = 1 mg/cm? * 0.283 cm” = 0.283 mg

ii) Pb>" in solution after extraction and dilution

=0.283 mg/ 0.3 mL * 1/10 * 1000 mL/L ~ 90 ppm or 450 uM

iii) If 1 puL of the above Pb*" solution is used in 5 uL of sensor, final Pb>" concentration

during reaction is 450/6 = 75 uM
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iv) When 50 uM EDTA was added, it chelates 50 uM Pb*" and therefore 25 pM is
bioavailable for DNAzyme
For a 0.5 mg/cm’ paint sample, Pb>" in solution will be 37 uM and therefore EDTA will

chelate all the Pb*"




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


