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Problem to solve: heavy metal contamination

mﬂﬂ[ﬂﬂh M@u&ﬁl What are you looking for? Q,

(@ Welcome. This is your 1st of 10 free arlicles. Sign in or Subscribe. X

+
LA EA I Posted Yesterday at 11:16 AM | Updatad April 20 INCREASE FONT SIZE m

Three Michigan officials criminally charged in
Flint lead poisoning crisis

Charges against the three include tampering with evidence for allegedly changing lead water-test
results.
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Importance and challenges of metal detection

Environmental monitoring
Food analysis

Biomedical diagnosis

Instrumentation analysis
Highly accurate, reliable
Multiplexed detection
Industrial standard
Expensive
Long turnaround time
Detects total metal

(Bio)sensors
Cost effective
On-site, real-time detection
Detects bioavailable metal
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Various metal ligands

Small molecule fluorescent chelators

Nat. Chem. Biol. 2008, 4, 168-175

Peptides, proteins, & antibodies
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Genetically engineered cells
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DNA

Highly stable, cost effective, easy to modify,
combinatorial selection + rational design




DNA for metal binding

2 double stranded DNA
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* Phosphate: electrostatic interaction, binds hard Lewis acids

e Bases: metal coordination

Sigel, R. K. O.; Sigel, H. Acc. Chem. Res. 2010, 43, 974.



In vitro selection of a cerium-dependent DNAzyme

Ce(NH,),(NO;),
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P. J. Huang, J. Lin, J. Cao, M. Vazin and J. Liu*, Analytical Chemistry, 86, 1816-1821 (2014)



Selection progress

Round 1 Round 2 Round 3 Round 4 Round 5 Round 6




Sequence alignment

Cleavage site Start of the N, region

v
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATTT - FGGAG- - -CCATAGGTCAAAGGTGGETGCGTGTC----GTATC-ATATCGFACTAA- - - - - - — -~
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATT - - -GGAG- - -CCATAGGTCARAGGTAGEGTGCG-GTC----CGTATC-ATATCGFACTAA - — - - - ———-
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT ----GGCGAAACAT---+FGGAG---CCATAGGTCARAGGTAGGTGCGAGTC----GTATC-ATATCGFACTAA- - - -~ ——~-
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT-GGAG- - -CCATAGGTCARAGGTAGGTGCGEETC-- - -CGTATC-ATATCGFACTAA - — - - - —— —-
CTGCAGAATTCTAA- ACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCCT FGGAG- - - CCATAGGTCAAAGGTAGEGTGCGGGTC - - - ~GTATC-ATATCGACTA- - — - —— - — - -
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT-GGAG- - -CCATAGGTCARAAGGTAGGTGCGGGETC- - - -GTATC-ATATCGFACTA-- - - - - - - -~
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT FGEAG- - - CCATAGETCARAGGTAGGTGCGEGTC- - - ~GTATC-ATATCGHACYA- - ———————-
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT-GGAG- - -CCATAGGTCARAGGTAGGTGCGGGETC----GTATC-ATATCGFACCA------ - - —-
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGARAACATCTT-GGAG- - -CCATAGGTCAAAGGTWGGTGCKGGYS - - - - KWWYM-WWWYCR-MYWA------ - - -~
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT-TA------ CAAGGAACAATAATGGGGETCGGGT------~ ATA-TTGTCGTACCG--------~--
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT-TA- - - - -CGAACGGTTAAGAAAAGTGACTTATC - - - -CAGTGGTTATCTGACTA-- - - - - - - -~
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT-TACG---~---- A-CGTCA----TCCCAAACAGG-CCATTAAA--AARAGGATATAAG----—~-
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT-TACG------- A-CGTCA----TCCTRAAACAGG-CCATTAAR--ALRPAGCGATATAAG---——---
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT-ARACG---———— AGTGTAGAATCTCCCTGAAAGG-C-AGAATG--CARAGTACAC------—-~-~"-
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT ----GGCGAAACATCTT-AACG--~-~——— AGTGTAGAATCTCCCTGARAGG-C-AGRAATG--CARAGTACAC - - - - - - —— - -
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT-TACG---—-—-—- AGAGTAG----TCATTTAAA------- TTAA--CARAGTACACTGACGCARAR]
CTGCAGAATTCTAATACCGAGTCACTATAGGARAGAT - - - -GECCARAACATCTT-T----TTC----GCGTAAATGACCGTATTCATG-C~--GAATA- -GGACATACG-~-~-~-~-~--~-~~-
CTGCAGAATTCTAATACGAGTCACTATAGGAAGAT - - - -GGCGAAACATCTT-TACGACTCCGGGGCATGAACCACGATGGCCAT------- ATA--TARCGRATG----------"-
CTGCAGAATTCTAATACCGAGTCACTATAGGAAGAT - - - -GGCGARACATCTCACAAG- - - - -GGGGTGTATTAT - TCACGCGGATARCGTTAATA - -CATGGTAC- - - - - - - - - - -
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A general lanthanide-dependent DNAzyme
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e Y3* shows similar activity like other lanthanides
* Pb?*is the only active divalent metal ion

P. J. Huang, J. Lin, J. Cao, M. Vazin and J. Liu*, Analytical Chemistry, 86, 1816-1821 (2014)



Highly sensitive lanthanide detection
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Characterization by phosphorothioate (PS) modifications

» So, it's just another DNAzyme?

» Anything special about this one?
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Cel3d with PS substrate can detect thiophilic metals as a group
P Huang and J Liu, Analytical Chemistry, 86, 5999-6005 (2014).



Selection of DNAzymes using a PS-modified library

A
So far, DNAzymes for soft metals are rare. O
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Solution 1: modified bases

Q\-Sl G C
GCGTGCCrCGTCTGTTGG

_ CUCGAGCGCCCCGCACGG A GATAACC, G Can we get new DNAzymes that can discriminate

AT

Solution 2: modified phosphate backbone

Ccuecg$L§GJffc different thiophilic metals?
L ¢* e GU/AC Loop II
LIS Single modification made at the fixed region.
du= dA™ =

errin, Angew. Chem. Int. Ed. 2008, 47, 4346 —4350



A highly Cd?*-specific DNAzyme
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P Huang and J Liu, Nucleic Acids Research, 2015



Highly sensitive Cd?* detection
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Highly sensitive Cu?* detection
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Highly sensitive Ag* detection (using normal DNA)
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EtNa has the best Ca?* specificity
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http://onlinelibrary.wiley.com/doi/10.1002/cbic.201600708/abstract

EtNa binds two Ca?* but only one Mg?*
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Ca?* detection
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A DNA code for metal ions

« Many new metal-specific DNAzymes isolated.
 Please start to use them.

H He
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. Our contributions

. Metals studied by other

. Metal oxides studied

Non-metals

. Radio-active metals

Wenhu Zhou, Runjhun Saran and Juewen Liu, Chemical Reviews, 117, 8272-8325 (2017)
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