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ABSTRACT: The supports with disulphide and urethane linkage

were prepared and their linkage stabitity was studied 1n
ammonia solution. The urethane linkage was found to be more
stable than the disuiphide linkage. The simple hybridization
with support linked o©ligohucleotide revealed the
hybridization yieids in the range of 10-15% . Interestingly,
the triple helix hybridization yields were 92.4%,88.2%,72.5
%, 86.4% and 78.7% for polystyrene urethane, CPG (500O A)
urethane, CPG (SOOOOA) urethane , (500° A) disulphide and CPG
(SOOOOA) disulphide respectively.

INTRODUCTION

Dot hybridization (1) colony hybridization {(3) and the
hybridization technique developed by Southern (2) have been
used in molecular biology. These methods are based on the non
covalent immobilization of nucleic acids on matrices (4) such
as nitrocellulose filter and nylon membranes. The low
retention efficiency and relative inacessibility of the

immobilized nucleic acid to the probing sequence , due to
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only a small part of the target being available for
hybridization , 1limits 1its 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 1in 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 of
oligonucleotide to solid supports have been developed (8-
14). Some of these used complicated chemistry (8,11) or may
leads to high levels of nonspecific adsorption of
oligonucleotide or probe material(12,13). Kremsky (11)
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.(10) seems straight
forward although it requires the derivatization of
oligonucleotide with a chemical that is not yet commercially
available. A method for immobilizing oligonucleotide in gel
matrix attached to glass has been reported (14). Recently a
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method for directly synthesizing the oligonucleotides on the
support to be used for hybridization , obviating the need of
deattaching them from the matrix on which they were
synthesized and reattaching them to the hybridization support
has been reported (15) . However, onlty 20-25% of
oligonucleotide remained or to the hybridization support
after 5 hrs of ammonia treatment at 55°C this leads to the
deattachment of more than 75% of the synthesized
ocligonucleotide. Here, we report synthesis , linker
stability and hybridization properties of disulfide and
urethane linkage containing polymer supports. Our studies
showed that urethane Tinkage containing supports retain
highest percentage of oligonucleotide for hybridization even
more than the ether linkage developed by Sourthen et.al. The
simple hybridization experiments with the supports 1linked
oligonuclectide revealed the hybridization yield 1in the
range of 10-15% . However, triple helix hybridization yields
were §-9 fold of the simple hybridization yield.

MATERIALS AND METHODS

1.5ynthesis of Supports

A.Synthesi1s of Universal Support Containijng a Disulfide
1inkage

The synthesis of polymer supports were carried out as
described earlier (16). The supports derivatized by this
method and their 1oading capicities {(18) were ,CPG-SOOO A,
21.0 uM/g and CPG-3000°A ,6.0 uM/g.

B. Synthesis of Support Containing Urethane Linkage

The derivatization of the support was carried out as
described earlier (19) and detail procedure for its synthesis
have been described else where (21). The supports derivatized
by this method and their loading capacities were CPG-(SOOOA);
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41.0 PM/gm , CPG ({3000°PA); 5.8 pM/g and polystyrene
monobead, 38.90 PM/g. Polystyrene was derivatized by DMTr dC
(Bz) inplace of 3-amino-1-dimethoxytrityloxypropane and
toluenediisocynate was used in place of
hexamethylenediisocynate.

2.TEST OF LINKAGE STABILITY

Before Synthesis of Oligonucleotides

The linkage stability was determined by treating the
derivatized support with 1 ml of 25% ammonia solution for
different length of time. After fix 1intervals of time the
ammonia solution was decanted off and dried. The polymer
support was dried by adding and decanting methanol. Finally
support was dried at 60° ¢ for 1 hr in a reacti therm. The
residue of cleaved linker and dried support was treated with
1 m} of perchloric acid (58 ml, 70% HC10y, in 42 ml methanol )
(18). The obsorbance of liberated dimethoxytrityl cation was
measured at 498 nm. The stability was then determined as
trityl remaining or support/trityl remaining on support +
trityl on supernatant. The linkage stability of various
supports are tabulated in table -1.

B. After Synthesis of Oligonucletides

Short oligonucleotides (d(A),; or d(T),) were synthesized on
to the supports and the linkage stability was determined as
described above . The linkage stability after the synthesis
of short oligonuclectide is described in Table-2. The 1linkage
stability after the synthesis of the oligonuclectide was also
determined at room temperature by keeping the support for 24
hr in ammonia solution at room temperature. A comparison of
the linker stability after synthesis of short
oligonucleotides at 60°C and at room temperature has been
described in table-3.
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Table-1 :A Time course of Linker Stability On Supports

CPG(500 A)-S-S-(CH,)g-ODMTr  51.0 44.0 32.6 0
2. CPG(3000°A)~5-5-(CH,)g-ODMTr 80.0 66.0 56.0 0
3. CPG(500°A)Urethane(CH,)30DMTr  90.0 85.0 75.0 57.1
4. CPG(3000° A)Urethane(CH,)50DMTr 93.7 6 7 4
5. Polystyrene Urethane DMTr-dC(Bz)68.2 0 0 0

Table-2: Time Course Of Linker Stability After Synthesis of
Short Oligonucleotides

3.No Support (Time in hrs) 1 6 10 15
1. CPG(SOOOA)—S—S-(CHZ)~ODMTr 22.0 15.8 14.4 08.0
2 CPG(SOOOOA)S—S—(CH2)-ODMTr 26.6 18,7 15.0 13.7
3 CPG(5OO°A)Urethane(CH2)3—ODMTr 63.8 54.0 49.7 39.5
4. CPG(3OGOOA)Urethane{CH2)3~ODMTr 47.4 40.2 32.2 22.4
5. Polystyrene Urethane DMTrdC-(Bz)59.3 €60.2 61.1 39.0
6. CPG (Scurthen et. al.)x 45,0 13.0% 11.0 07.0
7. Balbtini(Sourthen et.al. % 37.0 28.04% 23.0 Z25.0

* 30-35% NHg at 55°C was used and the loading capicities of
the ether linkage were 50-60 pM/g. # % Linker stability after
5 hrs.
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Table-3: Comparison of Linker Stability

S.No. Support % Stability

At 60°C for At Room Temp.

6 hrs ithrs 24 hrs
1.CPG(SOOOA)—S—S—(CH2)6~ODMTr 15.8 28.3 18.9
2.CPG(3000°A)—S—S—(CH2)G—ODMTF 18.7 26.6 18.1
3.CPG(500°A)Urethane—(CH2)3—ODMTr 54.0 63.8 46.0
4.CPG(3OOOOA)Urethane—(CH2)3—ODMTr 40.2 47.4 35.0
5.PolyStyrene-Urethane~-DMTr~-dC(Bz) 6.2 59.1 €65.6

Conclusions on Linker Stability

The stability of both the linkages reduce after the synthesis
of oligonucleotides on to the support. The marked reduction
in stability of all the linkages was observed after the
synthesis of oligonucleotides in case of control pore glass,.
The stability of the urethane linkage 1is more than the

stability of disulfide linkage. The comparison of our data

with the Sourthen et.al. data suggeslt that stability of ether
linker developed by 3Sourthen et.al. is 1ittle more than
disulfide linkages and much Jless than urethane linkage. A

comparsicn of the linkage stability at room temperature and
at 60° ¢ suggests that the ammonia breatment can be carried
out at room teperature (24 hrs) for the oligonucleotide
synthesised by modified phosphoramidites (PAC- Pharmacia
FOD-ABS) instead of 1 hr at 55-60 ©
protecting groups. The ursthane linkage 1n both the cases

C for cleaving the

seem to be promising for further studi=ss.



17:40 26 January 2011

Downl oaded At:

LINKAGES FOR OLIGONUCLEOTIDE SYNTHESIS 2131

3.HYBRIDIZATION STUDIES

a. Simple Hybridization Experiments

A oligonucleotide DMTrO d{CCTCTCCTCCCTTTTT)}, PY-16, a 16 mer
was synthesized over all the five supports at 0.2 MM using
standard PB-cyanoethy| phosphoramidite (base protection, Bz
for dA &dC ,Ibu for dG). The protecting groups were removed
by giving 25% ammonia treatment at 60°C for 6 hrs. The
ammonia solution was decanted off and supports were washed
several times with water to remove any deprotected
oligonuclieotide left with support. Finally support were
washed with methancl? and dried. A complementary sequences
d(AAAAAGGGAGGAGAGG), CPY-16 was synthesized at 1.3 pM scale
over standard succinate linkage support using
phosphoramidite chemistry. The oligonuclectide thus obtained
by ammonia treatment was purified by 12% PAGE containing 7M
urea. The CPY-16 was phosphorylated by ¥°2P ATP using T 4
polynucleotide kinase and purified by passing through a G-15
Sephadex column. The pure S2P labeled (3,60,000 cpm) CPY-16
was dissolved in 800 pi , 0.1 NaCi solution. The 100 p1
centaining 60,000 cpm of CPY-16 was added to each polymer
support (Potlymer Support Linked -PY-16,0.03 pM, 30 mg ) in a
microcentrifuge tube. The hybridization was allowed to
procceed at 30° ¢ for one hr. Then the microcentrifuge tube
was taken out and unhybridized CPY-16 was washed with 0.1 M
NaCl (58X 500 PL)‘ The washing was done very carefully and no
support particle came out with the solution while pipeting.
Again 100 uL of 0.1 M NaCL was added to all the
microcentrifuge tube (Containing Support Linked -PY-16 and
CPY-16 hybride) and ihcubation was carried out at 50°C for
one hr. The hybridized CPY-16, eluted out was quantitated.
The guantitation of CPY-16 (unhybridized and hybridized)
revealed that hybridization yield were 10.5%,
14.4%,12.6%,13.7% and 15.5% for poiystyreneurethane, CPG-
(500°A) urethane, CPG-(3000°A) urethane, CPG-(500°A)
disulphide and CPG-(3000°A) disulphide respectively.
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b. Triple Helix Hybridization Experiments

A oligeonucleoctide , 22 mer which torms a loop and stable
duplex o2rn annealing d{CTOGAGAGGAGGORATTTTITCCOTCCTCTCCAG) was
synthesiczed and subseguently purified by PAGE containing 7M
urea. The PY-1g£.oligonucleotide previously synthesized over

U
supports forms a triple helix structure with loop duplex 32
O

mer at 4.5-6.5 pH (20). The 22 mer was phosphorylated by
22 . ) ‘ .

¥R ATP using T 4 polyvnucleotide kinase and purified by
passing through a G-25 Sephadex column.

The pure 32P Tabeled (4,200,000 cpm) 32 mer was dissolved 1in
300 p! (2 M NaCL, C.Z M Sodium Acetate, Acetic Acid, pH =4.5)
buffer A and annsaled. The 50 F1 (70,000 cpm) of annealed
oligonucleotide was hybridized with the support linked
cligonucleotide (0.03 uM,30 mg) at 50° C for 2 hrs. After 2
hrs the unrhybridized oligonucleotide was washed with buffer
A {3X 300 pL). The hybridized 32 mer was unhybridized by
incubated the hybrid at 50°C for 20 min with 100 MI (1.0 M
Tris-C1,0.5 mM EDTA ,pH =9) buffer B. After incubation the
support was washed carefully with buffer B (3X300 pl). The
washings of buffer A and buffer B were guantitated. The %
hybridizatiorn yields determined from these guantities were
92.4%, 88.2%, 72.5 %, 86.4% and 78.7% for polystyrene
urethane, CPG(SOOOA) urethane, CPG(SOOOOA) urethane, CPG
{500°4) disulphide and CPG(3000°A) respectively.

Discussion

The methods used for the synthesis of support were simplie and
volve well established chemistries (16,19,21). The capping
was carried out in both the cases as described eariier. The
synthesis of oligonucleotide was usual as was observed , when
succinate linkage polymer support was used. No increase or
decrease 1in yield during the synthesis was observed as was
observed by Southern et. al. while synthesizing the

oligenucleotide over newly developed ether linkage containing
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supports. Ags an extra advantage the disulfide containing
support gave a 2'-thiol oligonucleotide and urethane 1linkage
support gave 3'~NH2 group containing oligonucleotide on
ammonia treatment. The -SH on or —NH2 on oligonucleotides can
be used for labeling reporter molecules. The linkage
stability of both the linkages before the synthesis of
oligonuclectide was much more than after the synthesis of
oligonucleotide because linker remained buried inside the
support during ammonia treatment. The tremendous decrease in
stability of the linkage after oligonuclectide synthesis
appears to be due to the direct exposure of the Tinkage with
the ammonia during ammonia treatment. After 6 hrs of ammonia
treatment about 16-18% of oiigonucleotide remained 1inked
with the support in case of disulphide linkage and about 40-
60% remained attached with support in case of urethane
linkage i.e. the urasthane linkage is about two- three times
more stable than disulphide linkage support. The urethane
linkage was even more stable than the ether linkage developed
by Sourthen et.al {Table-2). The high hybridization yield of
triplex formation suggests high seguence specificity of the
triple helix formation and freely availibility of the
ocligonucleotide linked to support for triplex
hybridization. The simple hybridization yield was as
accepted however qguantitative (6-¢ fold of simple
hybridization) hybridization yield in case of triplex
hiybridization was interesting and suggests that development

cf DNA prcobes at the level of triplex would be advantageous.
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