Development of biosensors for detection of SARS-CoV-2 virus by Triplex Enhanced
Nucleic Acid Detection Assay (TENADA).

A. Avifig, A. Dominguez, C. Cuesta, J. Martinez de la Fuente, V. Grazu,
C. Ciudad, V. Noé, R. Gargallo, E. Calderdn, C. Fabrega, R. Eritja

IQAC-CSIC, CIBER-BBN, Barcelona
INMA-CSIC, CIBER-BBN, Zaragoza
University of Barcelona
Instituto de Biomedicina de Sevilla, CIBERESP

l1l Spanish Meeting on Oligonucleotide Therapeutics
(SMTO-III), Valencia, October 2023
>,

ﬂOﬂ bIOSIS

UNIVERSITAT e

ﬂQAﬁ SpCCSLC:h '“631’ 6611 lSCll u“ BARCELONA

=




Types of triple helix structures
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2020 DNA biosensors for detection of Pneumocystis
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Nucleic Acid Detection Assay (TENADA)
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Design of antipara

SARS2-CoV19 sequence: LR757995.1 (Genbank)
RNA(+)
Triplex Forming Oligonucleotides Searching tool:

llel clamps

CC5

e http://utwl10685.utweb.utexas.edu/tfo/index.php (Austin, Texas)
Parameters: GC content: 30 %, Number of MM: 3 max, Length: Max
266 13,468 21,563 29,674
5' { 3'UTR
ORF1a %R(F::i b
nsp [ | [ ] RdRp CCE
nsp | I [ | | | S E N*
12 13 14 15 16 ::[[D:[[
StructuraF!raollttﬁ'oessory

TFO Target Sequence? Length | % G | Strand g‘:;z:;e
AAAGCATARAGATAGAGALAAGEGG 25 | 32.0 || reverse 25724
AGATOAGGATGAAGAAGAAGGETGA 24 41.7 forward 3046
GEAAATGAAGAGTGARAAGCAAG 23 34.8 forward 3838
GEAAAAGAAAGGTAAGAACAAG 22 31.8 | reverse | 21742
GAGAGTALMACGTALAAAGALGD 22 31.8 reverse 25425
GAGCAGAAGGETAGTAGAGAG 21 47.6 reverse 17143
GTEATEAGGAACGAGAAGAGG 21 47.6 reverse 28838
GAGGGAAGGACATAAGATGA 20 40.0 reverse 24722
GEAGEETAGAAAGAACAATA 20 | 35.0 | reverse 3045
GAAGAAGAGTAAGAAGAAGA 20 35.0 forward 3179
ACAAAATGAGAGAGAGAATG 20 30.0 reverse 7830
GECAAGAGAAGGTAACAAAL 20 30.0 reverse 11200
AACAAGGAATAGCAGAAAGG 20 30.0 reverse 27818
AAAGEACAAAAAGAAGAAGG 20 30.0 forward 293380
ACGECAGAAGEEAGCAGAGS 15 47.4 forward 28788
GTAGAGGAGGCARAGACAG 15 42.1 forward 4280
GAGEACAAGAGGECARAAG 15 42.1 forward 12320
GTGEAAGCAGALAAAGATG 1% | 36.8 | reverse 1716
AAGAGAGGTGATARAAGTG 1% 356.8 forward 4350
AAGAACGOTAATARAGGAG 195 31.6 forward 538
AAAGTALAGATGGATGGAA 1% 31.6 reverse 7780




Design of antiparallel clamps or Polypurine Reverse Hoogsteen Hairpins (PPRH) (CC1)

NC 045512 SARS-CoV-2 genome

ACAGTAATGCCATTAAGTGCACCTACACTAGTGCCACAAGAGCACTATGTTAGAATTACTGGCTTATACCCAACACTCAATATCTCAGAT
GAGTTTTCTAGCAATGTTGCAAATTATCAAAAGGTTGGTATGCAAAAGTATTCTACACTCCAGGGACCACCTGGTACTGGTAAGAGTC
ATTTTGCTATTGGCCTAGCTCTCTACTACCCTTCTGCTCGCATAGTGTATACAGCTTGCTCTCATGCCGCTGTTGATGCACTATGTGAGA
AGGCATTAAAATATTTGCCTATAGATAAATGTAGTAGAATTATACCTGCACGTGCTCGTGTAGAGTGTTTTGATAAATTCAAAGTGAATT
CAACATTAGAACAGTATGTCTTTTGTACTGTAAATGCATTGCCTGAGACGACAGCAGATATAGTTGTCTTTGATGAAATTTCAATGGCC
ACAAATTATGATTTGAGTGTTGTCAAT

Target Target
5-CTCTCTACTACCCTTCTGCTC-3’ 5-CTCTCTACTACCCTTCTGCTC-3’
3'-GAGAGATGATGGGAAGACGAG-5’ T GAGAGATGATGGGAAGACGAG-S

ZGAGAGATGATGGGAAGACGAG-3’

Duplex Triplex



Wuhan seafood market pneumonia virus genome assembly,
chromosome: whole_genome, GenBank: LR757995.1

CC1 Sequence Pos 17128
e SNHrT-GAGCAGAAGGGTAGTAGAGAG ORF1b
riplex 1
3-GAGCAGAAGGGTAGTAGAGAG J 4 Eggf’t;‘;tee'” ab
DuplexCP  5'NH,-T,~GAGCAGAAGGGTAGTAGAGAG-3'
RNA target

9'..GUAAGAGUCAUUUUGCUAUUGGCCUAGCUCUCUACUACCCUUCUGCUCGCAUAGUGUAUACAGCUUGCUC...3’

DNA target
5’ GTAAGAGTCATTTTGCTATTGGCCTAGCTCTCTACTACCCTTCTGCTCGCATAGTGTATACAGCTTGCTC... 3!

BIOTINE Reporter probe 5'-GGCCAATAGCAAAATGACTC-BIOTINE-3’

Target DNA  5’-GAGTCATTTTGCTATTGGCCTAGCTCTCTACTACCCTTCTGCTC-3

Target RNA  5’-GAGUCAUUUUGCUAUUGGCCUAGCUCUCUACUACCCUUCUGCUC-3’



Sequences CC1 biosensor

» CC1PPRH-amino: 5’'NH,-TTTTTGAGCAGAAGGGTAGTAGAGAGTTTTGAGAGATGATGGGAAGACGAG-3’
» CClduplex-amino: 5’NH,-TTTTTGAGCAGAAGGGTAGTAGAGAG-3’

» CCl-biotineRP: 5’-GGCCAATAGCAAAATGACTC-BIOTINE-3’

o CCl-TamraRP: 5’-GGCCAATAGCAAAATGACTC-Tamra-3’ (or Cy5 as fluorescent probe)

» CC1-Thiol RP: 5’-GGCCAATAGCAAAATGACTC-Thiol-3’

» CCltarget: 5’-GAGTCATTTTGCTATTGGCCTAGCTCTCTACTACCCTTCTGCTC-3’

» CCltarget RNA: 5-GAGUCAUUUUGCUAUUGGCCUAGCUCUCUACUACCCUUCUGCUC-3’

Sequences needed for PAGE binding studies

CC1PPRH: 5’- GAGCAGAAGGGTAGTAGAGAGTTTTGAGAGATGATGGGAAGACGAG-3'’
CClduplex: 5’- GAGCAGAAGGGTAGTAGAGAG-3’
CC1Target DNA: 5’-CTCTCTACTACCCTTCTGCTC-3’



2020. SARS-CoV-2 Pandemics
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PAGE binding assays
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Structure

54+23 7.7+0.6 9.4+0.7 11.2+0.9 85+0.7
11.3+19 8.8+0.6 12.6 +1.0 84+1.0 12.2+1.0
11.6+0.3 53+0.6 - - -
13.8+15 - - - -
11.3+26 - - - -
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PAGE binding assays
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Molar ellipticity/mdeg: M om™

Circular dichroism spectra
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CD spectra of PPRH are relatively similar than spectra of triplex indicating the presence of a “preformed”
structure that may facilitate kinetics of triplex formation
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Circular dichroism melting temperatures

_CC1 triple .CClduplex

s s \CCl PERH . .
: 30Teljr[:pe:lun‘:]“l::m S LR mTe:pe::tur:""Cm Ce ) ’ : ‘i'err'::eratl.:r[)ej"’(:b‘.J N

Name Tm, Tm, GC % Name Tm, Tm, GC %
CC1Triplex 32.6 66.5 47.8 CC3PPRH 31.7 -
CC1Duplex - 68.8 CCATriplex 15.7 63.5 30.8
CC1PPRH 38.5 - CC4Duplex - 65.0
CC2Triplex n.d 72.5 47.8 CC4PPRH 31.7 -
CC2Duplex - 71.1 CC5Triplex 30.1 67.6 30.0
CC2PPRH 39.0 - CC5Duplex - 68.6
CC3Triplex 33.2 63.9 40.9 CC5PPRH 30.1 -

CC3Duplex - 65.0
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