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NUCLEOSIDES & NUCLEOTIDES, 13(10), 2125-2134 (1994) 

Development o f  Suitable Linkage for Oligonucleotide Synthesis 
and Preliminary Hybridization Studies on Oligonucleotides 
Synthesized in Situ 

A JAY KUMAR 

National Institute O f  Immunology, 
Ari.ins Asaf Ali Marg, 

N e w  Eelhi-110067, INDIA 

ABSTRACT : The supports w 1 t,C-i di su 1 ph 1 de and urethane 1 i nkage 
were prepared and t . h e i r  1 inkage stabi'l ity was studied in 
:amnronia s o l u t . i o n .  The urethane 1 inkage was found t,o be more 
stable than the disulphide 1 inkage. The simple hybridization 
with support linked oligonucleotide revealed the 
hybridization y i e i d s  in the range of 10-15% . Interestingly, 
the  triple helix hybridization yie'lds were 92.4%,88.2%,72.5 

% ,  86.4% and 78.7% f o r  polystyrene urethane, CPG (500"  A )  

urethane, CPG !3000°A! urethane , (500° A) disulphide and CPG 

(3000'A 1 d i  sul phi de respecti vel y . 

INTRODUCTION 

Dot. hybridization ( 1  ! colony hybridization 1 3 )  and the 
hybr i di zati or? technique deve'l oped by Southern ( 2 1 have been 
used i n  molecular b.tology. These methods ar'e based on the non 
covalent i m m u b i l  izatiuti o f  nucleic ac ids  on matrices (4) such 
as  nitrocellulose t i  l t e r  a n d  nylon membranes. The low 
retention eff-ic.ienc:y and relative inacessi bi 1 i t y  of t-he 
i nimob i 1 i zed niic le i c7 ac i ci t.o the prob; rlq sequence , due 'to 
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2126 KUMAR 

only a small part of the target being available for 
hybridization , limits its potential sensitivity (5). The 
immobilized nucleic acid is not covalently attached , which 
can result in loss of nucleic acid from the support. These 
problems have been overcomed by using a mixed phase 
hybridization assay (6,7). In the sandwich type assay the 
target nucleic acid (analyte) hybridized to a oligonucleotide 
covalently immobilized on a solid support. A significant 
barrier to the more widespread use of DNA probe in the 
sandwich assays has been lack of suitable support of 
immobilization and suitable method for immobilization of 
oligonucleotide to the solid support. 

The immobilization of DNA to the solid support has been 
carried out either by first synthesizing oligonucleotide and 
then attaching it with solid support or by directly 
synthesizing the oligonucleotide over the support and 
removing the protecting groups from the attached 
oligonucleotide. Several methods for covalent attachment o f  

oligonucleotide to solid supports have been developed (8- 

1 4 ) .  Some of these used complicated chemistry (8,111 or may 
leads to high levels of nonspecific adsorption o f  

oligonucleotide or probe material(l2,13). Kremsky ( 1 1 )  
described a method for the immobilization of synthetic 
oligonucleotides to the latex microspheree. The 
oligonucleotide was modified at its 5’-end , with an aldehyde 
group or carboxyl group then reacted with microspheres 
containing hydrazide residues. The aldehyde group was 
introduced in four steps by first introducing the carboxylic 
acid linker arm at 5’-end of the oligonucleotide. The 
attachment of the oligonucleotides to the support through the 
bases as well as the ends ( 9 )  interferes with hybridization 
reaction. Only the method of Zhang et.al.(lO) seems straight 
forward although it requires the derivatization of 
oligonucleotide with a chemical that is not yet commercially 
avai lable. A method for imrriobi 1 izing 01 igonucleotide in gel 
matrix attached to glass has been reported (14). Recently a 
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method for directly synthesizing the oligonucleotides on the 
suppor t  to be used  for hybridization , obviating the need of 
deattaching them f r o m  the matrix on which they were 
synthesized and reat.taching them to the hybridization support 
has been reported ( 1 5 )  . However, only 2 0 - 2 5 %  of 
oligonucleotide remained or. to the hybridization support 
after 5 hrs of ammoriia treatment at 55OC this leads to the 
deattachment o f  more than 7 5 %  of the synthesized 
oligonuc1eot"ide. Here, we report synthesis , linker 
stability and hybridization properties o f  disulfide and 
urethane linkage containing polymer supports. Our studies 
showed that urethane 7 inh.age containing supports retain 
highest percentage of 01 igonucleotide for hybridization even 
more than t h e  ether linkage developed by Sourthen et.al. The 
simple hybridization experiments with the supports linked 
oligonuc7eotide revealed the hybridization yield in the 
range of 10-159: . However, triple helix hybridization yields 
Were 5-9 fold of the simple hybridization yield. 

- MATERIALS METHODS 

1 . Synthesi s of Supports 

A . S y n t h e s i s  of U n i v e r s a l  S u p p o r t  C o n t a i n i n g  a Disulfide 
7 inkage 

T h e  synthesis o f  polymer supports were carried out as 
described earlier ( 1 6 ) .  The supports derivatized by this 
method and their loading capicities ( 1 8 )  were ,CPG-500° A ,  

21 . O  r M / g  and CPG-3000°A ,6.0 ,uM/g . 

- 8. Svnthes i s  o f  SupDort Conta 711 7n.s Urethane L inkage 

The  derivatization o f  the support was carried out a s  

described earlier (19) and detail procedure for its synthesis 
have been described else where ( 2 1  1 .  The supports derivatized 
by this method and their loading capacities were CPG-(500°A);  
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41.0 p ~ / g m  , CPG ( 3 0 0 0 ~ ~ ) ;  5 . 8  p ~ / g  and polystyrene 
monobead,35.0 pM/g. Polystyrene was derivatized by DMTr dC 
(Bz) inplace o f  3 - a m i n o - 1 - d i m e t h o x y t r i t y l o x y p r o p a n e  and 
toluenediisocynate was used in place o f  

hexamethylenediisocynate. 

2.TEST OF LINKAGE STABILITY 

Before Synthesis of Oligonucleotides 

The linkage stability was determined b y  treating the 
derivatized support with 1 ml o f  25% ammonia solution for 
different length o f  time. After f i x  intervals of time the 
antmonia solution was decanted off and dried. The polymer 
support was dried by  adding and decanting methanol. Finally 
support was dried at 60° C for 1 hr in a reacti therm. The 
residue of cleaved linker and dried support was treated with 
1 ml of perchloric ac-id (58 ml, 70% HCIOn in 4 2  rnl methanol ) 

(18). The obsorbance o f  1 i barated dimethoxytrityl cation was 
measured at 498 nm. The stability was then determined as 
trityl remaining on support/trityl remaining on support + 
trityl on supernatant. The linkage stability o f  various 
supports are tabulated in table - 1 .  

-- B. After Synthesis of Olinonucletides 

Short oligonucleotides (d(AI4 or d(TI4) were synthesized on 
to the supports and the I'iiik.age stability was determined as 
described above . The linkage stabi lity after the synthesis 
o f  short oligonucleotide is described i n  Table-2. The linkage 
stability after the synthes-is of the oligonucleotide was also 
determined at room temperature by keeping the support for 24 

hr in ammonia solution at room temperature. A comparison o f  

the 1 inker s ta tx i  1 i b y  after synthesis of short 
01 igonucleot,ides at 6OoC and at rooin temperature has been 
described i n  table--3. 
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Table-1 :A  Time course o f  L inke r  S t a b i l i t y  On Supports 

Table-2: Time Course Of L i n k e r  S t a b i l i t y  After  Synthesis of 
Shor t  O l igonuc leo t ides  

% L inke r  S t a b i . l i t y  

S.No S u p p r t  (Time i n  h r s )  1 6 10 15 

1 , CPG( 5003A ) - S - S -  ( C H 2  ) - O C M T r  28.0 15.6 14.4 09.0 

2. CPG(30OO0A)S-S-(CH2 )-ODMTr 26.6 1 8 . 7  15 .0  1 3 . 7  

3 .  CPG(509°A)Uret,hanefCH2)3-ODMTr 63 .8  54.0 4 3 . 7  3 9 . 5  

4. CPG( 3000'A )Urethane! CH2 13-0DMTr  4? .  4. 40 .2  3 2 . 2  2 2 . 4  

5 .  Polystyrene Llrethane DMTrdC-(Bi)59.3 60.2 61 . I  39.0 

6. Z P G  (Sc:.rrthen e t .  a1 . ) *  45.0 1 9 . 0 w  11.0 07.0 

7 .  Balbt in i (Sour t .her i  et.al. I *  37 .0  2 P . O #  23.0 2 5 . 0  

X 3 @ - 3 5 %  NH3 a t  55°C \ n i x  used and t,he loading c a ~ ) i ~ i +  i e 5  ':)T 

t he  e ther  1 inkage were 59-60 pJM/g. ii % L i n h a r  stab1 I itv a f t e r  

5 h r s .  
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2130 KUMAR 

Table-3: Comparison of  Linker Stability 

A t  6OoC f o r  

6 hrs  1 h r s  24 h r s  

A t  Room Temp. 

_____I____---_---_------------------------------------------- 

1 .CPG( 500°A)-S-S-(CH2 I6-ODMTr 15 .6  28.3 18.9 

2.CPG(3000°A)-S-S-(CH2)6-ODMTr 1 9 . 7  26.6 18.1 

3.CPG( 500°A)Urethane-(CH2 I3-ODMTr 54.0 63.8 46.0 

4 .CPG( 3000OA )Urethane- ( C H 2  )3-ODMTr 40.2 4 7 . 4  35.0 

5.PolyStyrene-Urethane-DMTr-dC(Bz) 6 9 . 2  59 .1  6 5 . 6  

Conclusions on L inke r  Stability 

The s t a b i l i t y  o f  bo th  the  l i nkages  reduce a f t e r  t he  syn thes is  

o f  o l i g o n u c l e o t i d e s  on t.0 t h e  suppor t .  The marked reduc t i on  

i n  s t a b i l i t y  o f  a l l  t h e  l i n k a g e s  was o b s e r v e d  a f t e r  t h e  

syn thes is  o f  o l i g o n u c l e o t i d e s  i n  ca5e o f  i;ontrol pore glass. 
The s t a l ? i . l i t y  o f  t h e  u r e t h a n e  1 inkage i s  mor-e . t h a n  t h e  

s t a b i l i t y  s f  d i s u l f i c i e  l inkage.  ?he comparison o f  our da ta  

with th t .  Sour the t i  e t . . a l .  data  >j-iUygi.Sl. that st.ah 1 ' 1 t y  o f  ether  
1 i n k e r  developed by Soiurthen et.. tr'l . .I s 1 i t t , l e  more t h a n  

d i  su I f  i de 1 i rikages arid mui;t:  1 e s s  khai: u r e  L;l>ane 1 i nkage . A 

II o f  the  I i n k a g e  stab1 ! 1t.y a t  r -oom temperat.ur.e and 

cit CO" c sul;yest.s thF5.i; t.ble amrwt) 1 a t.reat,inerrt; can be car'r'ieci 

G U ~  a t  room t e p e r a t u r e  ( 2 4  h r s  1 f o r  t h e  0 ' 1  i gonuc' l  e o t  i de 

syn i f ies i sed b,. !;icd i f i ed ph;-,sphorami d i t e s  ! PAC- Pharmac i a , 

FOD-ABS)  i i7stead o f  1 h r  a t  5 5 - 6 0  C f o r  c l e a v i n g  t h e  

p r o t e c t  i rig groups. Tl ie Lit-r-thane 1 i rikage 1 n both t,h? cases 

seem t o  be promis ing f o r  f u r t h e r  s tud ies .  
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3.HYBRIGIZATION STUDIES 

- a. SimDle Hybridizat ion Experiments 

A o l i g o n u c l e o t i d e  DMTrO d(CCTCTCCTCCCTTTTT), PY-16, a 16 mer 

was synthes ized over a l l  t h e  f i v e  suppor ts  a t  0 . 2  p M  us ing  

standard f3-cyanoethyl phosphoramidi te (base p r o t e c t i o n ,  Bz 

f o r  dA &dC , I b u  f o r  dG). The p r o t e c t i n g  groups were removed 

hy g i v i n g  2 5 %  ammonia t r e a t m e n t  a t  6 O o C  f o r  6 h r s .  The 

arnnioni a so 1 ut i on was decanted o f f  and suppor ts  were washed 

s e v e r a l  t i m e s  w i t h  w a t e r  t o  remove any d e p r o t o c t e d  

a l i g o n u c l e o t , i d e  l e f t  w i t h  s u p p o r t .  F i n a l l y  s u p p o r t  were 

washed w i t h  methanol and d r i e d .  A complementary sequences 

d(AAAAAGGGAGGAGAGG 1 ,  CPY- 16  was synthes i  zed a t  1 . 3  p M  sca 1 e 

o v e r  s t a n d a r d  s u c c i n a t e  l i n k a g e  s u p p o r t  u s i n g  
phosphoramidi te chemist ry .  The ol i gnnus leo t i de  thus  obta ined 

by ammonia t rea tment  was p u r i f i e d  by 12% PAGE con ta in jng  7M 

urea. The CPY-16 was phosphorylat.ed by X3'P ATP us ing  T 4 

po lynuc leo t i de  k inase and p u r i f i e d  by passing through a G-15 

Sephadex column. The pure 32P l abe led  (3,60,000 cpm) CPY-16 

was d i sso l ved  i n  600 pl  , 0.1 NaCl s o l u t i o n .  The 100 pl 
ccn ta in ing  60,000 cpm o f  CPY-16 was added t o  each polymer 

support  (Polymer Support L inked -PY-16,0.03 p M ,  30 mg 1 i n  a 

m ic i -ocen t r i f uge  tube .  The h y b r i d i z a t i o n  was a1 lowed t o  

procceed a t  30' C f o r  one h r .  Then the  m ic rocen t r i f uge  tube 

was taken o u t  and unhybr id ized  CPY-16 was washed w i t h  0 . 1  M 

NaC'f ( 5 X  500 pL) .  The washing was done very c a r e f u l  ly and no 

support  p a r t i c l e  came o u t  w i t h  t he  s o l u t i o n  w h i l e  p i p e t i n g .  

A g a i n  100 p L  o f  0 . 1  M N a C i  was added t o  a l l  t h e  

m ic rocen t r i f uge  tube (Con ta in ing  Support L inked -PY-16 and 

CPY-16 hyb r ide )  and incuba t ion  was c a r r i e d  o u t  a t  50°C f o r  

one h r .  The hyb r id i zed  CPY-16, e l u t e d  o u t  was quan t i t a ted .  

The q u a n t i t a t i o n  o f  CPY-16 ( u n h y b r i d i z e d  and h y b r i d i z e d )  

r e v e a l e d  t h a t  h y b r i d i z a t i o n  y i e l d  were  1 0 . 5 % ,  

14.4%,12.6%,13.7% and 1 5 . 5 %  f o r  po;ystyreneurethane, CPG- 

(500°A)  u r e t h a n e ,  CPG-(3000°A) u r e t h a n e ,  CPG-(500°A) 

d i  s u l  ph ide and CPG-( 3000°A 1 d.1 s u l  ph ide r e s p e c t i  ve'l y . 
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b .  T r i p l e  He1 i x  H y b r i d i z a t i o n  €E,vper-iments 

?he pur-e 32P  J a b e l r - d  ( 4 , 2 0 , @ 0 0  c p m )  32  mer was d isso lved i n  

300 JLiI (2 M N a C L ,  Z . 2  M Sodium Acetate,  Ace t i c  Ac id,  pH = 4 . 5 )  

b u f f e r  A and annes?ed. The 5 0  ? I  ! 7 0 , O @ c ?  cprn) o f  annealed 

o l i g o n a c l e o t i d e  was h : r .b r?d ized w i t h  t .he s ~ i p p o r t  l i n k e d  

c ! i gonuc leo t !de  ! 0 . 0 3  pM,30 m g )  at. 50° C f o r  2 h r s .  A f t e r  2 

h r s  the crr:hybriI:ized 01 i gonuc leo t i de  was washed w i t h  b u f f e r  

A ( 3 X  .S?,ocJ p L > .  ?he hybridized 32 m e r  was u n h y b r i d i z e d  b y  

Incubated ?..he i - .ybr id a t  50°C for 2 5  min x i t h  100 pl ( 1 . 0  M 

Tr is-C1,0.5 n b l  EDTA ,pH = 9 !  buffer B .  A f t e r  i ncubat ion  t h e  

support, was washed refu!ly w t t h  buff 'er  B (3x300  p l  1 .  ?he 

washings of' Suffer- A. and b u f f e r  B were quan t i t a ted .  The % 

h y is r i d i L 3 t i (i" y 5 1 :j s #jete r-rn i ned f rorn these quant i t i es we r e  

9 2 . J % ,  8 5 . 2 % ,  7 2 . 5  % ,  2 . 6 . 4 %  and 7 8 . 7 %  f o r  p o l y s t y r e n e  

urethane, SPGi 50C)"A) urethane, CPS! 3000°A ) urethane, CPG 

( 50Q0A ) d 1 su 1 ph i  d e  and CPG! 3000OA 1 respec t  i ve I y . 

Discuss ion 

T l , e  methodr; used t o r  t he  s ' fn thes is  o f  support  were s imple and 

i n v o I ~ e  wel! es tab l  !shed chemis t r i es  ( 1 6 , 1 9 , 2 1  1 .  The capping 

. V ~ S  c a r r i e d  ou t  i n  both the  cases as descr ibed e a r l i e r .  The 

s y r i t i - l e s - s  of o: igonuc leo t ide  was usual as was observed , when 

s ~ ~ ~ i i n a t k  l i t - i a y e  polymer suppor t  was used. No increase o r  

decrease i t 7  y ie :d  du r ing  the  s i n t h e s i s  was observed as was 

observed b;  Sou the r  i i  et , .  a l .  w t t i  l e  s y n t h e s i z i n g  t h e  

c l 3 j ? D u c ! e r t i d e  over newly de ie loped e the r  l inkage con ta in ing  
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sup~crts. A s  an uxt,ra advantage the di su 1 f i de contai ni ng 
support g t ~ v e  a 3’-t9ic;l o i igonucleotide and urethane 1 inkage 
support gaTb;s 3’-NH2 group containing 0 1  igonucleotide on 
ammonia treatment. The -St i  on cr -NH2 on oligonucleotides can 
be used for labeling reporter molecules. The linkage 
stab1 I 1 t . y  o f  both the I inkaqes before the synthesis of 
oligonucleotide was much more than after the synthesis o f  

ol igonuc:eotide because 1 inker remained buried inside the 
support during ammonia treatment. The tremendous decrease i n  

stability o f  the linkage after oligonucleotide synthesis 
appears to be due to the direct exposure o f  the linkage with 
the ammonia dur-ing ammonia treatment. After 6 hrs o f  ammonia 
treatment about 16-18% of oiigonucleotide remained linked 
w i t h  the support; in case of disulphide linkage and about 40- 

5 0 %  rema’ned att.ached with suppcjrt in case of urethane 
1 -inkage i . e .  t h e  urethane 1 inkage is about two- three times 
more stab ! P t . h w  di sul phi de I i nkage support. The urethane 
:i?kage was e v e n  more stable than the ether linkage developed 
bJ, S ~ ~ ~ r t h e n  et.al [ T a b l e - 2 ) .  The high hybridization yield of 
c tdr:plex formation suggests high sequence specificity of the 

triple helix forrnaticjn and freely availibility of the 
0 1  igonucleatide 1 inked to support for triplex 
hy br i d-i iati on.  The simple hybridization yield was as 
accepted however quantitative ( 6 - 9  fold of simple 
h)bt-idizstion) hybridization yield in case of triplex 
t - i yb r id i  za t - i c> : i  was int .erest ;ng and suggests that development 
of DNA, prcbes at the level of  triplex would be advantageous. 
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