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ABSTRACT

We report a pH-dependent conformational transi-
tion in short, defined homopolymeric deoxyadeno-
gines (dA, from a single helical structure with
stacked nudecbhases at neutral pH to a doulble-
helical, parallel-stranded duplex held together by
AH*-H"A base pairs at acidic pH. Using native
PAGE, 2D NMR, circular dichroiem (CD) and feores-
cence spectroscopy, we have characterdzed the two
different pH dependent forms of dA,,. The pH-trig-
gered transition betwesn the two defined helical
forms of dA,, is characterdzed by CD and fsores-
cence. The kinetics of this conformational switch
is found to occur on a millisecond time scabe.
This robust, ighly reversible, pH-indu ced trans tion
between the two well-defined structwred states of
dAp represents a new mol ecular building block for
the construction of quick-response, pH-switchable
architect in structural DNA el ogy .

INTRODUCTION

Structural DNA nanotechnolegy is2n emerg@ng fiekl that
use [FNA to create either ngd architectunes or dynamic
suiltches (1-£). Dynamic, DNA-tmsed nanodevices may
aka be deioribed as moleculsr switches. They are hased
an structural franstions between two welldefined confor-
matkms of DMNA upan the application of a stimulus.
Severa] devices hawe been developed based on B-DMNA
amemblis: emploving differential hybridtetion of comple-
mentary strands, mets] wns and mdeed prodons (5105
Here we deicnbe the paly JdA helix 25 a new structural
madl that linctions a5 3 moleculer swaich, whach at low
pH Torms a paraliel s tranded double helix and at neutral
PH exists a5 a structured, smgle helix.

Early stuliss on undemtanding the structure, hase-
paming scheme aml base stacking properties of DNA
amnd BENA  duplees  used synthetic homopabmenc
DNA and ENA as they were conmdered smphfied
made]l systems. Eventually it was found that these

synthetic homopohmmens actually formmed different unusual
conformations mvohing non-¥Watson-Crck basie painng.
Paly v’ and poly dC frmed dtetrapleces (12,13), whilke
paly ri; and poly dG formed Gequudriplexes (14-16).
Interestingly, pady rA formed 2 parallelstranded double
helix, called pi-helix at acklic pH due ta N1 protenation of
the adenmes at pH <5({17-19). At neutral pH poly r A was
found to exist 25 2 smghe, n'_g]n.-ha:nd:d helix with nme
nucleotides per pich of 254 A (2021} In fact, character.
mtic of the dmtinct nature of thes helix, there are proteins
called poly rA hinding proteim (PABPs) that specifically
hind pady rA over any random s BENA (22,235 At neutral
pH poly dA & known to et as a structured single helix,
amilar o poly rA (24-27), except that the nucleabases m
peiy d A are mare strongly stacked than m paly rA and are
m the CX-endo configuation. However, the hehavior af
pady A a2t acxlic pH & sl unknown. We wae encour-
aged by the fact that poly rA could form these structunes,
with no mdication of any special rale for the 20H.
Further we ako found a sprnklng of shornt DNA
smyuences that had an ower-representation of adenimnes
that formed paralie]l dupleses at addic pH (25-30), all
of which contamed A-A hase paim. But, thess sequences
wanld he expected to exmt a5 unstructured smgle strands
at neutral pH.

We have heen inkerested m deveoping altemative,
nim=B-DNA bulding Wodks that rely on non-Watson-
Crick bage pamring, lor apphcations m structural DVNA
nanatechnology (31-35). Gaven that poly rA exisls a5 a
rghthanded, parallklbstramled, double helix at acxlic
pH {17} and 2 structured right-handed mngle helix 2t neu-
tral pH we reasoned that poly dA may have potential a5 a
new building block for DNA based pH-swuitches il is able
1o recapitulate poly rA hehaviar. In order to see whether
pedy d A alone coukl form a duplex at acdc pH and il sa,
cold 1t swatch revemsibly hetween is structured single heli-
cal site at pH 7 to 2 structuned duplex at addc pH, we
mmvesti gated a segment of poly dA. We chose a segment of
paly dA 15 mucleatides kng, hecause ths is within the
Emits of the observed persmience length of the poly dA
single helic (36). Usmg gel electrophoress, ciroular dichno-
mm (CD) spectroscopy and concentration dependent
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ABSTRACT

We report a pH-dependent conformational transi-
tion in short, defined homopolymeric deoxyadeno-
sines (dA;s) from a single helical structure with
stacked nucleobases at neutral pH to a double-
helical, parallel-stranded duplex held together by
AH"-H*A base pairs at acidic pH. Using native
(PAGE, 2D(NMR,; circular dichroism{€D) and fitiores>

(cence spectroscopy, we have characterized the two
different pH dependent forms of dA;s. The pH-trig-

gered transition between the two defined helical
forms of dA,5 is characterized by CD and fluores-
cence. The kinetics of this conformational switch
is found to occur on a millisecond time scale.
This robust, highly reversible, pH-induced transition
between the two well-defined structured states of
dA,5 represents a new molecular building block for
the construction of quick-response, pH-switchable
architectures in structural DNA nanotechnology.

synthetic homopolymers actually formed different u
conformations involving non-Watson-Crick base p:
Poly rC and poly dC formed i-tetraplexes (12,13),
poly rG and poly dG formed G-quadruplexes (1
Interestingly, poly rA formed a parallel-stranded «
helix, called pi-helix at acidic pH due to N1 protonat
the adenines at pH <5 (17-19). At neutral pH poly 1
found to exist as a single, right-handed helix witl
nucleotides per pitch of 25.4 A (20,21). In fact, cha
istic of the distinct nature of this helix, there are p1
called poly rA binding proteins (PABPs) that speci
bind poly rA over any random ssRNA (22.23). At r
pH poly dA is known to exist as a structured single
similar to poly rA (24-27), except that the nucleob:
poly dA are more strongly stacked than in poly rA a
in the C2'-endo configuration. However, the behav
poly dA at acidic pH is still unknown. We were ¢i
aged by the fact that poly rA could form these stru
with no indication of any special role for the

Further we also found a sprinkling of short

seauences that had an over-renresentation of ad



DNA

Table 1. Poly dA sequences used in this study

Name Sequence

Poly dA;; S-d(AAAAAAAAAAAAAAA)-3

dTAG6 S-d(TAAAAAA)-3

3’-Dabcyl-dA 5 S-d(AAAAAAAAAAAAAAA)-Dabceyl-3’
3-TMR-dA ;5 S-A(AAAAAAAAAAAAAAA)-TMR-3’

5" TAMRA-dA; S-“TAMRA-d(AAAAAAAAAAAAAAA)-3




Gel-electrophoresis

Poly dA,
sample loaded onto gel

by pipette

pH 3 4 45 § 6

An Electrophoresis Apparatus,
A solution of proteins is applied to indentations
made in a thin gel that is held between two clear

plates of plastic. An electric current is applied,
and over time the proteins separate,




CD spectrum
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1D-NMR
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This NH2 protons usually showed up at 6-7 6ppm.
Characteristic hydrogen bonding in A-A base pairing.
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Fluorescence Quenching
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Salt dependence - CD
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Structural transition is reversible
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CONCLUSIONS

1)Poly dA exist as a structured single helix at neutral pH

2)Poly dA forms a right-handed parallel-stranded double helix at acidic pH
3) the duplex at low pH are held by Hoogsteen pairing bet protonated dA

4)This can be used as a proton driven molecular switch
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G-quadruplex

Loop 2
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Hoogsteen base pair
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2D-NMR
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Thermal stability
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