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h  i  g  h  l  i  g  h  t  s

� G-quadruplex  (G4  DNA)  does
not  interact  with  zwitterionic
lipid monolayer  at  the air–water
interface.

� G4  DNA  shifted  �–A isotherm  of
the  mixed  zwitterionic/cationic  lipid
film  to lower  molecular  areas.

� Extent  of  shift  in  �–A  isotherm
depended  on the  charge  density  of
monolayer  interface.

� Diffusion  rate  of  DNA  molecules  to
monolayer  increased  with  its  charge
density.
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a  b  s  t  r  a  c  t

The  surface  film  balance  studies  of  dipalmitoylphosphatidylcholine  (DPPC)  monolayer  and  mixed  mono-
layers of  DPPC  and  a cationic  dioctadecyldimethylammonium  bromide  (DODAB)  surfactant  in  the
presence  of  22-mer  quadruplex-forming  DNA  oligonucleotide  bearing  human  telomere  sequence  of
dAG3(T2AG3)3 (G4  DNA)  are  reported.  Insight  into  processes  related  to  the  G4  DNA–monolayer  inter-
actions  was provided  by differences  in  profiles  of  �–A  isotherms  recorded  in  the  presence  and  absence  of
G4  DNA  on  subphases  with  varied  composition.  The  G4  DNA–monolayer  interactions  were  also  studied
by  recording  time  profiles  of  the  surface  pressure  of monolayer  at  a  constant  mean  molecular  area,  while
perturbants  (G4  DNA  and/or  KCl)  were  sequentially  injected  under  the  monolayer  surface.

The  surface  pressure  balance  study  indicated  that  interactions  of  G4  DNA  with  zwitterionic  DPPC
monolayer  do not  occur.  The  importance  of  monolayer  charge  on the  ability  of  G4  DNA  to  adsorb  on
the  monolayer  interface  was  evidenced  for mixed  DPPC/DODAB  monolayers  and  DPPC  monolayers  mod-
ified  by  incorporation  of  divalent  metal  ions.  Shifts  of  isotherms  towards  lower  molecular  areas  in the
presence  of  G4  DNA  were  observed  when  compared  with  the  reference  isotherms  recorded  on subphases
without  G4  DNA.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The applications of DNA for gene transfection and development
of microarrays for genetic assays have prompted many studies
on the interactions between DNA and lipids [1].  The air–water
interface has been widely used for studying lipid membrane
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interactions with proteins [2–4] and recently, also to follow
the interaction of DNA with Langmuir monolayers in order to
characterize the molecular recognition processes at the surface of
lipid monolayers [5–12]. Ramakrishnan et al. reported sequential
hybridization of two complementary oligonucleotides or PNA and
DNA molecules (PNA–DNA hybrid) with the cationic Langmuir
monolayer at the air–water interface on pure water and at low salt
concentrations [5,6], but both subphases poorly mimicked cellular
conditions. Experiments at higher ionic strength conditions were
reported by a joint research team who  applied the surface film
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