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NUCLEOSIDES & NUCLEOTIDES, 7(5&6), 655-659 (1988) 

CONSTRUCTION OF EUROPIUM ( Eu3+)-LABELLED 
OLIGO DNA HYBRIDIZATION PROBES 

C.  Sund, J. Ylikoski, P. Hurskainen and M. Kwiatkowskik 
Pharmacia-Wallac Oy, Box 10, SF-20101 Turku, Finland 

Abstract 
Three different oligo DNA probes were synthesized and their value as 
hybridization probes was tested. 

Hybridization techniques and labels that have been employed in 
these studies have been recently reviewed. Europium or terbium are 
known to be useful as nonradioactive markers in immunoassays as they can 
be measured with high sensitivity by the time-resolved fluorometric 
procedure2, which eliminates most of the background fluorescence. 
Recently published reports3 show that lanthanide chelates can also be 
employed as markers in hybridization assays. In all of the above cases 
long DNA probes were used. Nowadays, however, there is a tendency to 
employ short oligonucleotides instead of longer poly-DNA fragments as 
hybridization probes. 

They can be easily synthesized today even by non-chemists. An addi- 
tional feature of the synthetic DNA fragments is the possibility of 
their specific derivatization at protected stage. The oligo-DNA-probes 
are characterized by very favourable kinetics of hybridization, allowing 
the assay to proceed at a low temperature and in a much shorter time 
period than those which are necessary for poly-DNA-probes. 

A brief calculation of the fluorescence intensity using the probe 
labelled with only a few fluorescent markers showed that the sensitivity 
of such an assay will be insufficient. Therefore, an important feature 
of the present work is the use of water soluble, linear polymers as a 
carrier of a large number of covalently coupled lanthanide chelates. 

A closely related system utilizing a modified nucleotide for the 
extinction of the oligo probe sequence4 has also been constructed and 
its value as a hybridization probe demonstrated. 

655 

Copyright 0 1988 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
0
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



6 56 SUND ET A L .  

MATERIALS AND METHODS 

Plater i a 1 s 

Polyvinylamine x HC15 (30000) (1) - and p o l y a c r y l i c  a c i d  (50000, 

Po lysc i ence  INC) (9) were used as water s o l u b l e  polymers. 

S t a b i l e  c h e l a t e s  ( L ) ,  (2) and (i), (5) a r e  new p roduc t s  t h e  syn- 

t h e s i s  of which w i l l  be d e s c r i b e d  e l sewhere .  The modi f ied  n u c l e o t i d e  

(11) has  been prepared  acco rd ing  t o  e x i s t i n g  methodology.6 The s y n t h e s i s  

of DNA sequences  was performed by u s i n g  an  automated Gen-Assembler 

(Pharmacia,  Sweden) employing o r i g i n a l  s o l v e n t s  and r e a g e n t s .  Functiona- 

l i z e d  a t  5 ' O H  mercapto r e s p e c t i v e  amino o l i g o  DNA f ragments  were synthe- 

s i z e d  fo l lowing  t h e  l i t e r a t u r e  p r e s c r i p t i o n s .  s 8  

Ol igo  DNA probes  complementary t o  known sequences of Adenovirus 2 

o r  A-phase DNA were of 50 b a s e  l engh t  through a l l  exper iments .  A l l  o t h e r  

r e a g e n t s  used were of t he  h i g h e s t  commercial q u a l i t y .  

Ol igo  DNA-polyvinylamine ( b a s i c  polymer)-Eu3+ c h e l a t e  (F ig .  1) 

0.5 mg of po lyvinylamine  H C 1  i n  ca rbona te  b u f f e r  (0.5 M, 200 121, pH 

10.5) was l a b e l l e d  us ing  i s o t h i o c y a n a t e  c h e l a t e  (2) (10 mg). The 

r e a c t i o n  mixture  was incuba ted  ove rn igh t  at  2 0 O C .  The l a b e l l e d  polymer 

was sepa ra t ed  by g e l  f i l t r a t i o n  through a Sephadex G-50 column (0.7 x 20 

cm), d e s a l t e d  and concen t r a t ed .  

The polymeric c h e l a t e  (6) w a s  d i s s o l v e d  i n  100 p1 of phosphate 

b u f f e r  pH 6 .5 ,  and a b i f u n c t i o n a l  coup l ing  r eagen t  (7) ( a s  i n  Scheme 1) 

(0.27 mg) i n  e t h a n o l  (10 p l )  w a s  added. The r e a c t i o n  mix tu re  w a s  incuba- 

t e d  f o r  6 hours  w i t h  o c c a s i o n a l  shak ing ,  and t h e  p roduc t  w a s  i s o l a t e d  by 

p r e c i p i t a t i o n  from ace tone .  

5'-Mercapto o l i g o  DNA probe ( 5  O D ) ,  complementary t o  a known se- 

quence of Adenovirus 2 was mixed w i t h  t h e  a c t i v a t e d  c h e l a t e  a t  d i f f e r e n t  

r a t i o s  u s i n g  phosphate  b u f f e r  (pH 7 .0 ,  100 pl). A l l  mix tures  w e r e  incu- 

b a t e d  ove rn igh t  and s e p a r a t e d  u s i n g  a Sephadex G-100 column. The column 

was e q u i l i b r a t e d  and e l u t e d  w i t h  PBS. 

Ol igo  DNA-polyacrylic a c i d  ( a c i d i c  polymer)-Eu3+ c h e l a t e  ( F i g .  2 )  

Amino-functionalized 50-mer (LO), ( 5  OD), complementary t o  t h e  

A-phage DNA was coupled t o  p o l y a c r y l i c  a c i d  (2) (1.5 mg) w i t h  t h e  h e l p  

of water  s o l u b l e  carbodi imide  (EDAC) ( 5  mg) in b u f f e r  (pH 7 .5 ,  200 pl) 
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FIGURE 1 
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t 
5' NH-NH2 3' 
t ( p @  - dC)50 50-mer 

(2) R=NCS 
(3) R=NH2 

F i g .  3 

consisting of MOPS (0.2 M) and imidazole (0.05 M). The mixture was 
incubated for 50 min at 20OC, and the high molecular product separated 
by gel filtration. The desalted product was dissolved in the above buf- 
f er again and carbodiimide coupling was repeated using aminochelate (5) - 
( 3  mg) for introduction of a label. The final product was separated by 
gel filtration after 3 hours incubation at 2OoC. 

Oligo DNA-base modified oligo nucleotide-Eu3+ chelate (Fig. 3)  

Modified nucleotides (u) were incorporated at the 5'-end of the 
synthetic 50-mer complementary to the A-phage DNA following the standard 
addition protocol for Gen-Assembler, but by ommitting the capping stage. 
The above cycle was repeated 50 times and the synthesized oligomer de- 
protected and purified under standard conditions. 

Purified 100-mer (250 pg) in carbonate buffer (200 p1, pH 10.5) was 
extensively labelled using 0 (3.0 mg) by incubating the reaction mix- 
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O L I G O  DNA HYBRIDIZATION PROBES 659 

ture at room temperature for 6 hours. The labelled oligomer was separa- 
ted from the free chelate by filtration through a Sephadex G-25 column 
using phosphate (0.2 M, pH 7.5) as eluent. 

Hybridization procedure 

Target A-phage DNA was coated onto polystyrene strips as described 
previously9. Strips were prehybridized in 0.9 M NaC1, 20 mM Tris-HC1, 

pH 7 .5 ,  0.1 % SDS, 0.5 % BSA, 0.5 % polyvinyl pyrrolidone, 100 pg/ml 
sodium polyacrylate, 50 pM EDTA at 54OC for 30 min. Oligomeric probes 

(50  ng/ml) were hybridized in the same solution at 5 4 O C  for 3 hours. 
Posthybridization (3x10 min) washings were performed in 150 mM NaC1, 10 

mM Tris-HC1, pH 7 .5 ,  0.1 % SDS, 10 pM EDTA at 37OC. The hybridized 
Eu3+-labelled probes were detected by adding 200 p1 of enhancement solu- 

tion and measuring the developed fluorescence in a time-resolved fluoro- 

meter (Arcus 1230, Wallac Oy). 

RESULTS 

Polyvinylamine-based oligo DNA probe could detect 200 pg of Adeno- 
virus 2 .  The oligomer attached to polyacrylic acid gave a sensitivity of 

500 pg of A-DNA, while the dC analogue-tailed oligomeric probe could 
detect 200 pg of A-phage DNA. 
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