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Characteristics

] ) - Chemical and thermal stability
Aptamers, also known as chemical antibodies, are

short, synthetic, single-stranded DNA or RNA Chemical synthesis with low batch-to-batch
oligonucleotides able to adopt special 3D structures 6

that allow them to bind with high specificty almost
any type of target (ions, proteins, cells...),
mimicking the antigen-antibody reaction.

variations

Easy to label with marker molecules
(fluorophores, enzymes...)

Easy to manipulate with molecular biology
tools (polymerases, ligases...)

‘JJ‘ + B = d » Equilibrium dissociation constant, Kd » pM-nM
Aptamer Target A-T complex
() M K,=AT _1
d
[A] [T] K|

e
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DNA

amplification
‘JJ‘ + M - ———

Polymerase

Aptamer (A) Target (T) A-T complex

Circular DNA

PCR vs Isothermal DNA amplification @CQNST temp‘ate\

Rolling Circle
_ _ Amplification
No thermal cycling required (RCA) Labeled

nucleotides
i /
More eligible to miniaturization Ul
’ deoxynucleotidyl ®

Transferase
(TdT)

Temperature (*C)
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Rolling circle amplification (RCA)
5 3 Ligase ?lyn;frase
5’ 3’ , '
Primer > e 3 - | > | o O N
Padlock

Ligation _
) Elongation Displacement Furthe_r elongation
and displacement

Terminal deoxynucleotidyl tansferase (TdT)

Id'H
O O o o
TdT L N ) .

o IndTP 5-FITP 5-AlITP 5-NITP
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Motea, E.A.; Berdis, A.J. Biochim. Biophys. Acta - Proteins Proteomics 2010, 1804, 1151-1166.
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|OBJECTIVES

o Study the affinity of aptamers evolved against NGAL and AFP.

NGAL AFP
Neutrophil gelatinase-associated lipocalin Alpha-fetoprotein
Potential biomarker of pancreatic cancer Biomarker of hepatocellular cancer
o et eede, ...o . *: g . .- '..-.o'-;‘..'“ .("’ :: ,,.0-:. l‘c:
i«:f/‘i:’, > .\‘. ..t .°n o ks »‘_‘p X «-.\.'u'bl.o : -.o n gutte o\.\:n.
»;" \Q\gtrs ‘....'. .\'\ i\..'..‘” :. .‘( ,.../:././:}n/.." \.'...
{ LCN2-2 ! { LCN2-4 { BB2012 : { AP273 %
} L Y ; - ;
:"\ "\:Q\"; .‘. .'. 'D" "" . - c'/ﬂ "
b\q'\(,\'“*‘“ «‘/c“‘ﬁ\ ‘om\:: ’ v "-'09.00'!,.... v"".,.""-tu .0’..‘“ o Fn/{.nf)..°
Ky: 2.24 pM Ky: 60.9 pM Ky: 2.37 nM Ks:500nM
Lee, K.A. et al. Sci. Rep. 2015, 5, 10897.

Huang, C.J. et al. Biosens. Bioelectron.

2012, 35, 50-55.
Evaluate the implementation of DNA isothermal amplifications, °
either RCA or TdT, to enhance the performance of these receptors.

Dong, L. et al. Sci. Rep. 2015, 5, 15552.

RCA TdT
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EXPERIMENTAL SECTION

ROLLING CIRCLE AMPLIFICATION (RCA) ™

RCA optimization on screen-printed gold electrodes

dNTPs
1) Aptamer Padlock
HS
MAANNAA
2) Thioaniline NH, NH, O_ ph'29 DNA NH, NH,
@ @ T4 DNA ligase @ © polymerase @ ©
o .
ﬁ

Au ' S S 5 ’ # S ’ S S S ’
Bare AuSPC Aptamer/p-ATP Padlock annealing &37 oC RCA
mixed SAM and ligation
6-FAM
labeled
t (s) TMB % probe
0 15 30 45 60
’ TMBO, \
-5
3 10 A NH2 NH2 T™MB AntiF-HRP NH, NH,
- +
45 —With padlock
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-20 h h i
Enzymatic reaction and chronoamperometry Enzymatic labeling Detection probe

hybridization
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ROLLING CIRCLE AMPLIFICATION (RCA)
I X

RCA optimization on screen-printed gold electrodes
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30 250 ,
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~ = 150
< m Annealing + ligation
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e
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N /
4
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Lorenzo-GAmez, R. et al. Talanta 2019, 197, 406-412.
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ROLLING CIRCLE AMPLIFICATION (RCA) ™

Aptamer adapted to NGAL or AFP-modified 6-FAM labeled aptamer
RCA scheme magnetic beads (MBs) 5 3
5 10-thymine 3 Ny 40-base truncated
40-base truncated RCA aptamer
aptamer primer

Non-amplified assay

6-F:p')\:c1alr?1t$wd AntiF-HRP " T™MB dxCTMBox
+ €z
» AN af x o H,0, g/s:cs
Q 3 ’Q i Q i 0 magnet
Biomarker-MBs Aptamer binding Enzymatic labeling MBs entrapment on SPCE, enzymatic

reaction and chronoamperometry
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ROLLING CIRCLE AMPLIFICATION (RCA) ™

RCA-amplified direct recognition of NGAL and AFP

Padlock

o

Aptamer adapted O phi29 DNA

to RCA scheme T4 DNA ligase J\Q polymerase
» p "

dNTPs

Biomarker-MBs Aptamer binding Padlock annealing &37 °C RCA
and ligation 6-FAM
labeled
‘* * probe
;!‘S ’ QCTMB \
’Q%:MBOX TMB ﬁo AntlF HRP v—g\o/
) \ 202
magnet _ SPCE
0 Enzymatlc labeling Detection probe
MBs entrapment on SPCE, enzymatic hybridization

reaction and chronoamperometry
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ROLLING CIRCLE AMPLIFICATION (RCA) ™

RCA-amplified direct recognition of NGAL and AFP

—o— With RCA —o— With RCA
15 1 ~-0=NoRCA } } 4' 5 A = 0=No RCA
12 - ! e 4 -
< 9 3 orders _ =< 3 1
- 6 - Q - 2 <
Kq:115 pM .- >, & K,: 188 nM
3 | p,"}f 6" 1 - i
-’ ] AO
01 -=0==0-"T R "M (no RCA) 0 1 ¢ memees o0 Ky: 713 nM
104 103 102 101 10° 101 10 103 104 102 101 109 101 102 10% 104 10°
[Aptamer] (nM) DESCHDEC K [Aptamer] (nM) Described K,
Fitting: 4-parameter logistic 2o Fm Fitting: Langmuir > nM’
Lorenzo-Gémez, R. et al. Talanta 2019, 197, 406-412. Lorenzo-Gémez, R. et al. Biosensors 2020, 46, 10.
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TERMINAL TRANSFERASE (TdT) S

TdT amplification study by gel electrophoresis
Aptamer

TdT 1:10 1:20
2000 Biotin-dATP:dATP ratio

\\\\

Biotin-dATP

& 37 °C ; 40T probe ; [Biotin-dATP] (pM)
q

50 25
b|0t|n dATP/dATP Semi dsDNA
elongated aptamer

CHH

Lorenzo-Gémez, R. et al. Biosensors 2020, 46, 10.
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TdT amplification study by direct assays on AFP-MBs with electrochemical detection

@ _ dATP or dNTPs
®

" Biotin-dATP ¢
Fa¥aVan
» Aptamer ( o TdT
’Q > >
AFP-MBs Aptamer &37 °C TdT-mediated
binding amplification
SA-HRP
R TMB x
T™B g
+
— H20;
— @
MBs entrapment on SPCE, enzymatic Enzymatic labeling

reaction and chronoamperometry
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TERMINAL TRANSFERASE (TdT) .

TdT amplification study by direct assays on AFP-MBs with electrochemical detection

Biotin-dATP : dATP ratio 8 —_— 8
™ Blank
® 1 M aptamer
6 4 OS5S/B Ratio L 6
0:1

(bp)

2000

1:40
Biotin-dATE:dATP ratic

1600 9
500 1:20 1:10 1:5 ~ 4 _ s
2.0 5 g. 4 4 =
s s Blank 3 @
= wem 1 UM AFP S-TdT . 3
i 2 L 5
100 [Biotin. IATP] (uM) -0-5/B Ratio
Blank
(no TdT) 0 50 25
- 3 8
= 0 0
m dATP dNTPs
L 2 % - KG
0
[Biotin-dATP] (uM) Lorenzo-Gémez, R. et al. Biosensors 2020, 46, 10.
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TdT amplification study by direct assays on AFP-MBs with electrochemical detection

= dNTPs 6 - Alﬂ
® o -8 With TdT
Biotin-dATP
AN ( o rat

» Aptamer
Q ﬁ # 4 -
AFP-MBs Aptamer &37 °C TdT-mediated b
binding amplification < 3
k! 16-fold
- 2 - —

SA-HRP

Kyq: 32 nM
TMB 1 } ﬁé
"
'g_e'/IMB“ e 04 = emmmeeeai-- -0 "1 Kq: 526 nM
202

' SPCE

0‘ Magnet
101 109 101 102 103 104
MBs entrapment on SPCE, enzymatic Enzymat|c labeling Described K [ 1 (nM)
Aptamer] (nM

reaction and chronoamperometry
2'37@ Fitting: Langmuir

Lorenzo-Gémez, R. et al. Biosensors 2020, 46, 10.
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—eo— With RCA
15 {-o0-NoRCA

12 -

DNA isothermal amplification of aptamers can
o enhance the performance of weak binding

I(pA)

(=] w [+)] [(e]
L " " L

—a—With RCA
1 =o=NoRCA

aptamers, but their magnitude depends on the
true affinity of the aptamer, which ultimately e

104 103 102 101 10° 10! 102 10° 104

limits their analytical usefulness. [Aptamer] (nM)

I(pA)

o = n w E= [5,] (=]
L 1 1 1 L

~—&-— With TdT
1=©=No TdT

These findings are of general significance, as a

e number of electrochemical biosensors relying
on the recognition by poor aptamers could
benefit from these results.

102 10%* 10° 10* 102 10° 104 10°
[Aptamer] (nM)

I(pA)

o [ n w B (&) [«)}
" " 1 1 1

- —— - - -
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