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ABSTRACT DNA fragments can be immobilized by 
Langmuir - Blodgett  f i l m s  of 1-hexadecylamine. The 
inc lus ion  i n  these LB f i l m s  o f  5’-GTAAAACGACGGCCAGT-3’ 
was proved by a rad ioact ive technique. An X-ray 
d i f f r a c t i o n  study proved an ove ra l l  lamel lar  order ing o f  
the samples and suggested a s t ruc tu ra l  organizat ion i n  
which layers o f  o l igonucleot ide molecules are sandwiched 
between two monolayers o f  1-hexadecylamine. These 
monolayers are l i k e l y  t o  t u r n  t h e i r  amino groups surfaces 
t o  the o l igonucleot ide molecules as t o  screen t h e i r  
anionic charges. 

Keywords: Langmuir-Blodgett films, DNA fragments 
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INTRODUCTION 

Langmuir-Blodgett (LB) films, able to immobilize proteins 

without damaging their native structure and therefore also 

their biological activity, were recently reported ( 1 ) .  

This technique allows protein films to be produced and 

used as sensing elements in bioelectronic devices. 

To our knowledge, no LB immobilization technique was 

so far reported for DNA and nucleic acids. This could open 

new perspectives for biosensing by DNA and for structural 

studies of nucleic acids as well. 

In order to functionalize the LB film to make the 

deposition and immobilization of DNA possible we used 

surfactants able to grasp the anionic charges of the 

nucleic acid chains. We report in the present paper a 

method which allows oligonucleotides, and most likely 

also DNA, to be immobilized by LB films. The structural 

organization of this guest-host systems is suggested on 

the basis of an X-ray study of these films. 

MATERIALS AND METHODS 

The oligonucleotide 5’-GTAAAACGACGCCCAGT-3’ was 

synthesized by a PCR -MATE (Applied Biosystems) . The 

LB films were deposited by Langmuir Trough 4 (Joyce Loebl, 

England) instrument. A teflon trough, smaller (100 ml) 
than its original one, was used. Films were deposited onto 
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IMMOBILIZATION OF DNA FRAGMENTS [559]/215 

s i l i c o n  substrates by the hor izonta l  l i f t i n g  technique ( 2 ) .  

I n  each deposi t ion step the monolayer o f  

1-hexadecylamine molecules was b u i l t  up a t  t he  water 

( t r i d i s t i l l a t e )  / a i r  in te r face  a t  a surface pressure n = 
25 mN/m. Then an o l igonucleot ide bu f fe r  so lu t i on  (5 

mg/ml) was in jec ted  i n t o  the water under the monolayer. 

The r e s u l t i n g  concentrat ion o f  the o l igonucleot ide i n  t h i s  

water subphase was 5 mg/ml. A f te r  the oligomer 

i n j e c t i o n  the hexadecylamine monolayer, before being 

t rans fer red  onto the substrate, was l e f t  aside i n  the 

trough f o r  about one hour. 

- 1  I @ -  J t e  
- 

FIGURE 1 An assembling monolayer o f  1-hexadecylamine 
a t  the water /a i r  in te r face  captures and binds 
ol igonucleot ides molecules so lub i l i zed  i n  the water 
sub-phase. 

The o l igonucleot ide was labe l led  by 32P-yATP a t  i t s  

pos i t ions  5 ’  by the method described by Maniat is and 

c o l l ,  ( 3 ) .  This allowed the immobi l izat ion process t o  be 

fol lowed by r a d i o a c t i v i t y  measurements ( 4 )  a f t e r  
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each deposi t ion step. 

An X-ray d i f f r a c t i o n  analys is  was ca r r i ed  out  on 

samples prepared by 30 successive deposi t ion steps. A 

small-angle X-ray d i f f ractometer  (5) wi th  a l i n e a r  

pos i t ion-sensi t ive detector i n  a swing geometry ( 6 )  was 

used. The angular reso lu t ion  o f  the detector was 0.02O 

which assures a space reso lu t ion  o f  0 . 5  A. 

The incorporat ion o f  rad ioact ive isotopes 

i n t o  the ol igonucleot ide molecules was estimated by 

counting the (3 p a r t i c l e s  by using a RACK beta counter 

(LKB, Sweden). The spec f i c  r a d i o a c t i v i t y  o f  the 

ol igonucleot ide was thus estimated. The e f f i c i e n c y  o f  the  

ol igonucleot ide t rans fer  t o  the LB layers was ca lcu lated 

on the basis o f  t h i s  s p e c i f i c  r a d i o a c t i v i t y  i n  terms o f  

surface densi ty o f  the o l igonucleot ide on each monolayer. 

RESULTS AND DISCUSSION 

LB technique al lows continuous and quas i -c rys ta l l ine  f i l m s  

t o  be deposited onto a s o l i d  substrate by keeping under 

contro l  t h e i r  thickness a t  a molecular leve l .  This i s  

possible by t rans fer r ing ,  by a sequence o f  deposi t ion 

steps, ordered monolayers from an a i r /water  in te r face  t o  

the substrate. The aim o f  t h i s  inves t iga t ion  was t o  b u i l d  

up LB f i l m s  w i th  immobilized DNA fragments. 

Radioact iv i ty  measurements proved t h a t  by the 

technique presented i n  t h i s  paper i t  i s  possible t o  

immobilize DNA fragments w i t h i n  LB f i lms .  An 

o l igonucleot ide surface densi ty o f  1 7 0  ng/cm2 w i t h i n  
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IMMOBILIZATION OF DNA FRAGMENTS [561]/217 

arb. 
un . 

2 .  

1 '  

each monolayer, was reached . 
The sur factant  we chose was 1-hexadecylamine. The 

compressed monolayer, b u i l t  up by these sur fac tan t  

molecules a t  the air /water in te r face ,  protudes and d ips 

t h e i r  hydroph i l i c  amino groups ins ide  the water. These 

groups capture and bind DNA fragments , i n jec ted  and 

so lub i l i zed  under them ( f i g .  1 ) .  Then, when the LB layer  

i s  t ransferred onto the substrate, DNA fragments are a lso 

extracted and immobilized w i t h i n  the c r y s t a l l i z i n g  f i l m .  

m 
2 4 6 20"  

FIGURE 2 X-ray pa t te rn  o f  1 -hexadecyl ami ne - 
o l igonucleot ide LB f i l m s  

The X-ray d i f f r a c t i o n  pa t te rn  o f  samples 

prepared by t h i s  technique i s  reported i n  FIGURE 2. I t s  

shape i s  characterized by three peaks, corresponding t o  

the l s t ,  2nd and 4th orders o f  re f l ec t i ons .  

The presence o f  these r e f l e c t i o n s  ind ica tes  t h a t  a 

wel l  ordered lamel lar  s t ruc tu re  was obtained. The angular 

pos i t i on  o f  these re f l ec t i ons  corresponds t o  a spacing 

(per iod o f  r e p r o d u c i b i l i t y )  D = 60.5 A .  

This width o f  the r e p e t i t i v e  u n i t  suggests the 
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218/[562] V. EROKHIN ET AL. 

s t ruc tu ra l  arrangement sketched i n  FIGURE 3. I n  f a c t  the  

thickness o f  a 1-hexadecylamine b i l aye r  can span values 

from 44.1 A ,  when the hydrocarbon chains are perpendicular 

t o  the substrate, t o  35.0 A ,  when the hydrocarbon chains 

are t i l t e d  ( 7 ) .  

m 
01 
p 

OLIGONUCLEOTIDE," '; , 

FIGURE 3 Structura l  organizat ion o f  the molecules o f  
1-hexadecylamine and DNA i n  the elementary u n i t  o f  the LB 
f i l m  

The X-ray d i f f r a c t i o n  curve o f  FIGURE 2 proves t h a t  

the d i s t r i b u t i o n  o f  the ol igonucleot ides fo l lows the 

r e p e t i t i v e  layered pa t te rn  o f  the LB f i l m .  The elementary 

u n i t  can therefore be made up o f  two monolayers o f  

1-hexadecylamine and one monolayer o f  DNA fragments. 

FIGURE 3 sketches the most l i k e l y  mutual o r i e n t a t i o n  

o f  the 1-hexadecylamine monolayers, being DNA an anionic 
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p o l y e l e c t r o l i t e .  Screening e f fec ts  ought t o  lead t o  t h i s  

s t ruc tu ra l  ordering. Within the mu l t i l aye r  organizat ion o f  

the f i l m  the anionic DNA fragments are thus sandwiched and 

screened between two amino group surfaces. 

This conf igurat ion can be achieved only  i f  the 

molecules are able t o  rearrange themselves ins ide  the LB 

f i l m  dur ing each deposi t ion step. I t was recent ly  shown by 

T.Kato ( 8 )  t h a t  t h i s  i s  possible. During hor izonta l  

l i f t i n g  deposi t ion o f  f a t t y  ac id  s a l t s  the 3 monolayers 

l a s t l y  deposited were i n  f a c t  found t o  change the  mutual 

o r i en ta t i on  o f  t h e i r  consti tuent molecules. This process 

takes place i n  order t o  accomplish a more s tab le  

s t ruc tu ra l  organizat ion.  

CONCLUSIONS 

DNA fragment molecules can be immobilized by an LB matr ix 

o f  long chain amines. This was proved by rad ioact ive 

measurements. X-ray d i f f r a c t i o n  studies provided evidence 

of  a good lamel lar  order ing w i t h i n  these f i lms .  The X-ray 

d i f f r a c t i o n  patterns also suggest t h a t  the r e p e t i t i v e  

u n i t s  of these LB f i l m s  are l i k e l y  t o  be made o f  one 

monolayer o f  DNA sandwiched by two monolayers o f  

1-hexadecylamine. 
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