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Types of triple helix structures

2

Triplex-forming 
oligonucleotide
Triplex-forming 
oligonucleotide

N
N O

O N N

O

O
N

NN

N
N

HH

HH

R

R

R x

.

N

NN

N
O

N

N
N N

O
H

H

H N N

N

O

H

H

H

H

R

R

RH x

.

N

NN

N
O

N
R H

H

H
N N

N

O

H

H

R x

.

T:A:T C+:G:C G:G:C

. .

3'
5'3'

5'
5' 3'. . . . . . Hoogsteen strand (parallel)

Polypurine
Polypyrimidine

Parallel triplex

N
N

N N

O

N
H H

R

H

.

N

N

N N

N

N

NN

N
N

HH
H

H

R

R

N N

O

O
H R

.

x

x

N

N
N

N

O

N

N

NN

N
O

N

H

H

H

R

N N

N

O

H

H

RH

H

HR
.

x

x

N

N

O

O

N N

O

O

R

H
N

NN

N
N

HH

R

H R x

.

x

T:A:TG:G:CA:A:T

3'
5'3'

5'
5'3' . . . . . . Reverse Hoogsteen strand (antiparallel)

Polypurine
Polypyrimidine

Antiparallel  triplex



Types of triple helix structures
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Nucleic Acids Research, 2002, Vol. 30, 2609–2619
Properties of triple helices formed by parallel-
stranded hairpins containing 8-aminopurines
Anna Aviñó, Miriam Frieden, Juan Carlos Morales, Beatriz García de la Torre, 
Ramón Güimil García, Ferran Azorín, José Luis Gelpí, Modesto Orozco, Carlos 
González and Ramon Eritja
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Calvo-Lozano et al.  Nanomaterials 10, 1246 (2020). Pla et al.  Journal of Fungi 6, E292 (2020)
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2020 DNA biosensors for detection of Pneumocystis
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Design of antiparallel clamps

6

CC4CC5

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

• http://utw10685.utweb.utexas.edu/tfo/index.php (Austin, Texas)
• Parameters: GC content: 30 %, Number of MM: 3 max, Length: Max

CC4

CC5

CC1
CC2
CC3



Design of antiparallel clamps or Polypurine Reverse Hoogsteen Hairpins (PPRH)  (CC1)
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CTCTCTACTACCCTTCTGCTC-3’
GAGAGATGATGGGAAGACGAG-5’
GAGAGATGATGGGAAGACGAG-3’

T4

Target-5’CTCTCTACTACCCTTCTGCTC-3’
GAGAGATGATGGGAAGACGAG-5’

Target

3’-

TriplexDuplex

5’ -
ACAGTAATGCCATTAAGTGCACCTACACTAGTGCCACAAGAGCACTATGTTAGAATTACTGGCTTATACCCAACACTCAATATCTCAGAT
GAGTTTTCTAGCAATGTTGCAAATTATCAAAAGGTTGGTATGCAAAAGTATTCTACACTCCAGGGACCACCTGGTACTGGTAAGAGTC
ATTTTGCTATTGGCCTAGCTCTCTACTACCCTTCTGCTCGCATAGTGTATACAGCTTGCTCTCATGCCGCTGTTGATGCACTATGTGAGA
AGGCATTAAAATATTTGCCTATAGATAAATGTAGTAGAATTATACCTGCACGTGCTCGTGTAGAGTGTTTTGATAAATTCAAAGTGAATT
CAACATTAGAACAGTATGTCTTTTGTACTGTAAATGCATTGCCTGAGACGACAGCAGATATAGTTGTCTTTGATGAAATTTCAATGGCC
ACAAATTATGATTTGAGTGTTGTCAAT

NC 045512 SARS-CoV-2 genome
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Wuhan seafood market pneumonia virus genome assembly, 
chromosome: whole_genome, GenBank: LR757995.1  

DNA target

RNA target
5’NH2-Tn--GAGCAGAAGGGTAGTAGAGAG-3’

5’NH2-Tn-GAGCAGAAGGGTAGTAGAGAG

3’-GAGCAGAAGGGTAGTAGAGAG

Duplex CP

Triplex CP T4

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

Target DNA

Target RNA

CC1 Sequence

5’..GUAAGAGUCAUUUUGCUAUUGGCCUAGCUCUCUACUACCCUUCUGCUCGCAUAGUGUAUACAGCUUGCUC…3’

5’..GTAAGAGTCATTTTGCTATTGGCCTAGCTCTCTACTACCCTTCTGCTCGCATAGTGTATACAGCTTGCTC…3’

5’-GAGTCATTTTGCTATTGGCCTAGCTCTCTACTACCCTTCTGCTC-3’

5’-GAGUCAUUUUGCUAUUGGCCUAGCUCUCUACUACCCUUCUGCUC-3’

Pos 17128
ORF1b 
Polyprotein 1ab
Replitase

8



9

Sequences CC1 biosensor

• CC1PPRH-amino:  5’NH2-TTTTTGAGCAGAAGGGTAGTAGAGAGTTTTGAGAGATGATGGGAAGACGAG-3’
• CC1duplex-amino: 5’NH2-TTTTTGAGCAGAAGGGTAGTAGAGAG-3’
• CC1-biotineRP: 5’-GGCCAATAGCAAAATGACTC-BIOTINE-3’
• CC1-Tamra RP: 5’-GGCCAATAGCAAAATGACTC-Tamra-3’ (or Cy5 as fluorescent probe)
• CC1-Thiol RP: 5’-GGCCAATAGCAAAATGACTC-Thiol-3’
• CC1target: 5’-GAGTCATTTTGCTATTGGCCTAGCTCTCTACTACCCTTCTGCTC-3’
• CC1target RNA: 5’-GAGUCAUUUUGCUAUUGGCCUAGCUCUCUACUACCCUUCUGCUC-3’

Sequences needed for PAGE binding studies

CC1PPRH: 5’- GAGCAGAAGGGTAGTAGAGAGTTTTGAGAGATGATGGGAAGACGAG-3’
CC1duplex: 5’- GAGCAGAAGGGTAGTAGAGAG-3’
CC1Target DNA: 5’-CTCTCTACTACCCTTCTGCTC-3’
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2020. SARS-CoV-2 Pandemics

Aviñó et al., Int. J. Mol. Sci. 2022
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PAGE binding assays
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CC1Duplex
CC1Triplex

CC2Duplex CC2Triplex

CC3Duplex CC3Triplex

RLCC1Triplex RLCC2Triplex

CC4Duplex CC4Triplex

CC5Duplex CC5Triplex

CC1Control AA1Clamp

Structure
CC1

Kd (10-7 M)

CC2

Kd (10-7 M)

CC3

Kd (10-7 M)

CC4

Kd (10-7 M)

CC5

Kd (10-7 M)

CCnTriplex 5.4 ± 2.3 7.7 ± 0.6 9.4 ± 0.7 11.2 ± 0.9 8.5 ± 0.7
CCnDuplex 11.3 ± 1.9 8.8 ± 0.6 12.6 ± 1.0 8.4 ± 1.0 12.2 ± 1.0

RLCCnTriplex 11.6 ± 0.3 5.3 ± 0.6 -- -- --
CCnControl 13.8 ± 1.5 -- -- -- --
AAnClamp 11.3 ± 2.6 -- -- -- --
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CC1 CC2 CC3

12

PAGE binding assays



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



Circular dichroism melting temperatures
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CC1 triplex CC1 duplex CC1 PPRH
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Name Tm1 Tm2 GC % Name Tm1 Tm2 GC %
CC1Triplex 32.6 66.5 47.8 CC3PPRH 31.7 -
CC1Duplex - 68.8 CC4Triplex 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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