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ABSTRACT 

Resulting from furtherdevelopment of the technique described by Tanaka and Let- 
singer a simple syringe-based reaction system was assembled for efficient rou- 
tine synthesis of oligonucleotides, and its applicability exemplified. 

INTRODUCTION 

During the last years the chemical synthesis of oligonucleotides has been sig- 

nificantly improved by the elaboration of new preparative methods, among which 

the phosphite approach originally introduced by R.L. Letsinger et al. 
2 

and 

further developed by M.H. Caruthers and coworkers 
3 
has become especially 

attractive. It is most efficiently combined with the solid-phase technique, 

where the use of the highly reactive phosphoramidites and the reduction of pu- 

rification steps to washing and filtration lead to very short periods for each 

chain extension. Another interesting feature of polymer support syntheses is 

that they lend themselves to different types of apparatus. Automatic 
3, 4 

and manually controlled s machines have been described, but good results may as 

well be obtained with simple shaking vessels made by modification of sintered 

glass funnels 6, 7 

'8 
An interesting variant was recently forwarded by T. Tanaka 

and R.L. Letsinger , namely the use of syringes for this purpose. Experimen- 

ting with this technique we found that syringes, as such, are less suitable 

reaction vessels, especially since frequent motion of the piston causes the 

formation of debris from the support material and leads to difficulties in the 

filtration procedures. Therefore, we have further elaborated on this technique 

and wish here to describe a new type of syringe-based synthesis system and ex- 

amples of its use for the preparation of oligonucleotides of defined sequence. 

APPARATUS 

A schematic representation of our apparatus is given in Figure 1 . It is as- 

sembled, essentially, by connecting two commercial polypropylene syringes. 

Syringe A is the reactor itself. It is equipped with two tightly fitting ce- 

ramic filters, between which the support material is introduced. The piston of 

syringe A is replaced by a teflon adapter, which fits to the outlet of syringe 

B. Both syringes have a LUER lock and can be used with any commercial needle. 

During the oligonucleotide synthesis all reagents sensitive to air and moist- 

ure are directly sucked into the reaction chamber in syringe A from septum cap 
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Figure I 
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bottles and after reaction pressed out using the piston of syringe B. Washing 

solutions, however, are directly taken up in syringe B and pressed through 

syringe A. 

RESULTS AND DISCUSSION 

As an example for the application of this apparatus we prepared the two oli- 

gonucleotides dGCTAG and dAATTCTAGCTGCA, which can be hybridized to form an 

Eco RI - Pst I - 9 
stop - adaptor useful for recombinant DNA research (Fig. 2) . 

For the preparation of the pentanucleotide dGCTAG we largely followed the 

procedure of Tanaka and Letsinger 
8 

however using nucleoside-3'-( methoxy- 

N,N-dimethylamino-)phosphoramidites '3 as monomers. Starting with 60 mg poly- 

mer support containing 92 pmol/g immobilized N-isobutyryl-deoxyguanosine 

( preparation as described ' ) four reaction cycles were completed ( omitting 

the capping step in the last cycle ). For demethylation syringe A was filled 

with 1.5 ml thiophenol/triethylamine/dioxane 7 and rotated for 45 min. After 

washing ( methanol, ether ) and treatment with 25 % aqueous ammonia overnight 

the product was released from the support and purified by HPLC 7 to give 

0.55 pmol = 9.5 % of dGCTAG, corresponding to 55 % average yield per elong- 

ation. 

As a possible source of impairment we found in the course of this preparation, 

that, although internucleotide bond formation proceeded readily, solvent 

washes alone seemed not to be effective enough to exclude moisture complete- 

ly and to prevent traces of adsorbed reagents to be carried on into the next 

reaction step. Therefore, the reaction cycle for the preparation of the tri- 

decanucleotide dAATTCTAGCTGCA was modified as shown in Table 1 . Drying pro- 

cedures were included before the coupling, capping and detritylation steps, 

which consisted of passing a stream of dry argon through syringe A via the 

adaptor for several minutes. Other features are the replacement of viscous 
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3' 
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and less volatile solvents 

and the use of nucleoside-3'- 

phosphoromorpholidites lo as 

intermediates. In this way, 

the sequence dAATTCTAGCTGCA 

was prepared, starting from 

100 mg support ( 56 pm01 

dAb'/g ) in an overall yield 

of 9.4 %, which averages 

82 % of internucleotide bond 

formation per coupling step. 

After workup, done as des- 

cribed above, the oligonu- 

cleotide was isolated by 

RP-HPLC ( Fig. 3 ). The pro- 

duct ( peak P in Fig. 3 ) 

was found to be pure mater- 

ial, giving rise, after de- 

tritylation and phosphoryl- 

ation with y- 32 P-ATP/poly- 

Table 1 : Reaction cycle used for the synthesis Of 

the tridecanucleotide dAATTCTAGCTGCA 

step 

Detritylation: 

Washing : 

Drying : 
coupling : 

washing : 

Oxidation : 

Washing : 

Drying : 
Capping : 

Washing : 

Drying : 

Reagent Quantity 

2% c13CCOOH in CH2C12 2x 1 ml 

CH2C12 3x2ml 

cH2C12/pyridine 4 : 1 1 ml 

dry CH2C12 sx2m1 

dry argon 

Zofold nucleoside-phosphor- 

amidite in 1 ml of a SatUr- 

ated solution of tetrazole 

in abs. acetonitrile 

acetonitrile 3x2ml 

THF/pyridine/H20 40:20:1 1 ml 

0.1 M I2 in THF/pyridine/ 

H20 40:20:1 1 ml 

THF/pyridine/H20 40:20:1 3x2ml 

THF 

dry argon 

CH2C12 600 ~1 + (CH3C0)20 

100 ~1 + N(C@5j3 100 Ul + 

N-methyl-imidazole 30 ~1 

CH2C12 3x2ml 

dry argon 

nucleotide kinase, to a single spot on 

polyacrylamide gel electrophoresis ( Fig. 

4a 1. The correct sequence was establi- 

shed by two-dimensional fingerprint 

analysis 
11 ( Fig. 4b 1. 

While equalling the previously described 

syringe method 
8 

in ease of handling, the 

syringe-based apparatus described here 

avoids difficulties due to mechanical dis- 

ruption of the carrier, minimizes the ac- 

cess of moisture and oxygen during the 

coupling steps and simplifies the wash- 

ing procedures allowing deliberate 

quantities of solvents to be passed 

through syringe A using different sizes 

of syringes B as reservoirs. Through op- 

timization of the chain elongation steps 

( Table 1 ) yields of oligonucleotidesare 

comparable to those obtained with auto- 

matically or manually controlled synthe- 

sizers 
3-5 

. The apparatus shown in 

Fig. 1, however, is assembled from cheap 

commercial materials. It, therefore, 

: P 

! 
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Fig.: HPLC purification of DMTrdAATTCTAGCTGCA 

Column: Lichrosorb SupeRP U4rck: 7 v; 5.0 x 25omn) 

Eluant: Lin. gradient ( 30' ) of 20 - 35 % CH3CN 
in 0.1 M triethylammonium acetate, pH 7 

Flow: 2 ml/mln; Range: 0.20; Detection: 0V254 nm 
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Figure 4 : 
a) ( left side ) : 16 ‘b poly- 

acrylamide gel electropho- 
resis ( 0.2 mm denat. gel) 
of the tridecanucleotide 
dAATTCTAGCTGCA ( lane 3 ). 
Lanes 1, 2 and 4/5 : Refe- 
rence oligonucleotides of 
chain length 7, 5 and IO. 

b) ( right side ) : two- 
dimensional fingerprint" 
of dAATTCTAGCTGCA . 

should be most suitable for low-cost oligonucleotide preparations, a proposi- 

tion, which is now being corroborated during routine use of this apparatus in 

our laboratory. 
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