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Study on the chemical environment for conformational change of
i-motif DNA by atomic force microscopy cantilever
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Abstract

Three-dimensional(3D) structure of specific DNA can be changed between two conformations under an external
environmental transition such as pH and salt concentration variations. We have experimentally observed the conformational
transitions of i-motif DNA using AFM cantilever bioassay. It is shown that pH change of a solvent induces the bending
defleciton change of a cantilever functionalized by i-motif DNA. This indicates that cantilever bioassay enables the label-
free detection of DNA structural changes upon pH change. It is implied that cantilever bioassay can be a de novo route
to quantitatively understand the conformational transitions of biological molecules under environmental changes.
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Fig. 1. (a) Schematic illustration of DNA conformational
transitions on a cantilever surface, which leads to
the deflection change. (b) Chemical structure of
cytosine-rich i-motif DNA.
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Fig. 2. Cantilever bending deflection change induced by i-
motif DNA conformational change due to pH
change between pH 3.9 and pH 10.8 in low ionic
concentration.

5 317 W3S o] AR T AA Ay FY NS
o] W3l= wj$- u|eksith DNA @2 AFM 7€)
H7} pH 3.9 §ol] :=E=o] d el pH 10.8
golo] ¥ 7] Aol (SR injection i) Tl
oFsl 3] A5 o] WS Holet ol &9 f&
2o wg Arle gy 23 A5 5ot
DNA @ AFM 1€ 9] 95 374 ¥l pH
3.9 o] AJHlelA] pH 10.8 &S FUZE F A7ko] X
Uo s oA 3ol A pH 3.9 4 FHeFA)
%= o) o F g9 4 Wsl= =5 Ee
I3Hd DNA ©dut Adu o]
5 pH 10.8 848 9 &+ =
9y F3AFE pH 3.9 &%) Y A g HE
olE AE B F Jonz ol 9 £ pH ¥
slol] ]3| 4] i-motif DNA®] 392 +x71 HEle)
A g F3A37F BAE Ao| oty & 4
AT}

o AFo) A A= pH 3.9 -4} pH 10.8 &4
738 79-= deionized waterdll HCl & NaCl2 43
A GAs e A4S, 9] deionized waterol V]
9] HCl -2 NaClg BA HEZ FH|E g £
She oA EAks Al &SR] ket

ol AL ALl EAIBIA Bl F A =
g’$Ho] DNAE hemiprotoned 25 7FAIA] E-31A|
HEE ol 2718 ATEA 2 el A==
pH #3} S0 2= DNAQ| 3319 FAhHo|E do
Folen, a8 EgE AFM 9o F3 A5
T H3E £ 5 9t

o b
>
fof
it
t,
N
)

-216 -



AFM 7

20 injection [ TE Buffer (pH 8)
0 [ KHP Buffer (pH 4)
= injection B
E 20} injection
c
S 40t
[&]
Q
© 60
o injection
-80 injection |
injection AN
injection
-100 < L L 1 I ! I ! )
0 30 60 90 120 150 180 210 240

Time (min.)

Fig. 3. Cantilever bending deflection change driven by
DNA conformational change due to pH changes in
high ionic concentration.
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Fig. 4. Cantilever bending deflection change induced by
change in the concentration of cation in low ionic
concentration.
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