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MODIFICATION OF OLIGO (POLY)NUCLEOTIDE PHOSPHOMONOESTER GROUPS
IN AQUEOUS SOLUTIONS

M.G. Ivanovskaya, M.B. Gottikh and Z.A. Shabarova

Department of Chemistry, and A.N. Belozersky Laboratory of Mo-
lecular Biology and Bioorganic Chemistry, Moscow State Univer-
sity, Moscow 119899, U S S R

ABSTRACT. Selective modification of oligo(poly)nucleotide phos-
phononoester groups in an aqueous medium by N-{3-dimethylamino~-
propyl) ~N'-ethylcarbodiimide in the presence of various nucleo-
philic agents has been investigated. Optimal conditions of the
modification by amino- and hydroxycompounds have been found.
Based on these studies a general efficient method for prepara-
tion of oligo{poly)nucleotide phosphoamidates and phosphodies-
ters in an agqueous solution has been developed. The method al-
lows to prepare both oligodeoxyribonucleotide derivatives at
3'- and 5'-terminal phosphate groups and oligoribonucleotide
derivatives at 5'-terminal phosphate groups with 80-100%
yields.

INTRODUCTION

Oligonucleotide derivatives, containing various non-nucleo-
tide groups covalently bound to terminal phosphate groups, are
finding ever wider application as chemical probes [1], markers
[2], affinity reagents [3], agents for chemical ligation [4]
and for termination of transcription {5]. For extensive appli-
cation of the above oligonucleotide derivatives in different
molecular biology investigations it is necessary to elaborate
an efficient and rather simple method for introduction of vari-
ous non-nucleotide residues into oligonucleotides. The crucial
step in preparing oligonucleotide derivatives at the terminal
phosphate consists in selective activation of phosphomonocester
groups of oligo{poly)nucleotides.

The carbodiimide method, evolved by H. Khorana [6], appears
to be the most suitable procedure for modification of phospho-
monoester groups. Khorana's methodology was based on utilization
of dicyclohexylcarbodiimide in anhydrous or slightly aqueous
solutions [7-9]. The use of an anhydrous medium limited the
applicability of the method because unprotected oligo- and
polynucleotides, DNAs, RNAs do not dissolve in organic solvents.

Furthermore, such side processes as alkylation of heterocyclic
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bases [10], cleavage and izomerization of internucleotide bonds
in RNA [11] take place in an anhydrous medium. To solve these
problems it appeared tempting to evolve a carbodiimide activa-
tion strategy for modification of phosphomonoesters in an
aqueous medium.

In the present communication a thorough investigation of
oligonuclectide phosphomonoester groups modification, induced
by N-(3-dimethvlaminopropyl)-N'-ethvlcarbodiimide hydrochlori-
de (EDC), in the presence of different nucleophilic agents is
described. This investigation has made it possible to suggest
a general and effective method for synthesizing a wide range

of oligonucleotide derivatives in an agqueous medium.

MATERIALS AND METHODS

Reagents and enzymes. Nucleoside-5'-phosphates were obtained
from "Sigma"; d(TGGCCAAGCTp), d(TTGAATGp) were kindly provided

by T.S. Oretskaya (Moscow State University); (pU)S’ (pA)11,
(pU)30 were from SRCTI (SD AS USSR). EDC, MES, MeIm [12],
Lichrosorb-NH2 (10 pm); aniline, imidazole, morpholine, benzyl-

amine, n-butylamine, ethylenediamine and 4-nitrophenol were
obtained from "Merck"; 2-hydroxypyridine - from "Aldrich";
glycine methyl ester, serine methyl ester, tyrosine methyl es-
ter, cysteine methyl ester - from "Koch-Light"; N-hydroxyben-
zotriazole, 3-hydroxypropionitrile, Dans-chloride [12] - from
"Fluka", Nucleosil C18 (5 pm) - from "Chemapol"; methanol,
ethanol, n-propanol, Z2-aminoethanol, ethyleneglycol - from
“Soyuzkhimreaktiv®, USSR. 2-(N-Dans)-aminoethanol was synthesi-
zed as described earlier [13]. Bacterial alkaline phosphatase
and snake venom phosphodiesterase (PDE) were obtained from

"Worthington Biochemicals Corporation”.

Chromatography and electrophoresis. Electrophoresis was per-

formed on FN-1 paper at 900-1000 v in 0.05 M triethylammonium
bicarbonate buffer, pH 7.5, for 1.5-2 h using "Labor" apparatus.
Chromatography was carried out on Lichrosorb—NH2 columns

(1%50 mm) in a linear gradient of sodium phosphate, pH 7.5,

in 7 M urea, and on Nucleosil C18 columns (2x62 mm) in a linear
gradient of methanol in 0.1 M ammonium acetate, pH 6.0, using
HPL chromatograph "Milichrom", USSR. Gel-filtration was accomp-
lished on Biogel P-2 (200-400 mesh, "Bio Rad"). Paper chromato-
graphy was carried out on FN1 paper in the systemg: ethanol-1 M
ammonium acetate, pH 7.5 (7:3 v/v) (System A) and ethanol-1 M
ammonium acetate, pH 7.5 (8:2 v/v) (System B).
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Buffers. To maintain stable pH values during modification
procedures the following buffers were used: pH 1- 0.1 N agueous
HCl; pH 2 -~ 0.01 M agueous HCl; pH 3-6 - 0.4 M MES-buffers,
pH 7-9 - 0.4 M Melm-buffer.

General procedure for preparation of mononucleotide phospho-

amidates. An aqueous solution of amine (100 pl of 3 M solu-
tion) pretitrated to pH 4.5-5.5 by 6 N agueous HCl was added

to a water-soluble salt of the mononucleotide (1-5 umol). Then
9.6 mg (50 umol) of EDC was added and the reaction mixture was
stored at 20°C for the time given in Table 1. The phosphoamidates
were isolated by paper electrophoresis or by paper chromatogra-
phy in system A. The yields of pA nhosphoamidates are given in
Table 1.

General procedure for preparation of mononucleotide deriva-

tives with simple alcohols. An alcohol solution (100 pl of 3-6 M
solution) in 0.4 M MES buffer (pH 4.5-5.5) was added to water-

soluble salt of the mononucleoticde (1-5 pumol). Then 9.6 mg
(50 pmol) of EDC was added and the reaction mixture was stored
at 20°C for the time given in Table 1. The mononucleotide phos-
phodiesters were isolated by paper electrophoresis. The yields
of pA phosphodiesters are given in Table 1.

Preparation of 2-(N-Dans)-aminoethyl esters of mononucleoti-

des. 44 mg (0.15 mmol) of 2-(N-Dans)-aminoethanol, dissolved

in 30 ul of DMFA [12], was adjusted to pH 3.0 by adding 20 ul

of 6 N aqueous HCl. This solution was added to a water-soluble
salt of a mononucleotide (1-5 pmol) in 40 Hl cf 0.4 M MES buffer,
pH 5.5. The resultant solution (pH 4.5-5.0) was supplemented
with 9.6 mg (50 pmol) of EDC and incubated at 10°C for 24 hours.
The 2~ (N-Dans)-aminoethyl esters of mononucleotides were isola-
ted by paper chromatography in system B. For 2-(N-Dans)-amino-
ethyl ester of pA Rf was 0.79, and the yield - 40%.

Preparation of 4-nitrophenyl esters of mononucleotides.

The solution of 4-nitrophenol (50 Hl of 6 M solution in DMFA-wa-
ter (1:1, v/v), pretitrated to pH 6.5-7.0 by 6 N aqueous HCl,
was added dropwise to a water-soluble salt of a mononucleotide
{(1-5 umol)} dissolved in 50 ul of DMFA-water (1:1, v/v}. The re-
sulting mixture was supplemented with 9.6 mg (50 umol) of EDC
and allowed to stay at 10°C for 20-24 h, 4-Nitrophenyl esters

of pA and pC were isolated by paper chromatography in System B.
The yields were 95-100%. When the reaction of pU, dpT and pG with
4-nitrophenol was over, the excess of 4~nitrophenol was extrac-
ted by chloroform and the water fraction was evaporated in va-

cuum, dissolved in 0.2 M of Na,CO, (pH 10.5) and incubated for

2773
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24 h at 20°C (or for 6-10 h at 37°C). 4-Nitrophenyl esters
of pU, pT and pG were isolated by paver chromatography in sys-
tem B. The yields were 75-80%.

Preparation of N-hvdroxybenzotriazole esters of mononucleo-

tides. 40 mg (0.3 mmol) of N-hydroxybezotriazole was dissolved
in 50 pl of DMFA-water mixture (4:1, v/v). Then 6 pl of 2 N

NaOH was added under stirring to adjust pH of the solution to
4.0-4.5. This mixture was added to a solution of a water-soluble
salt of the nucleotide (1-5 umol) dissclved in 40 pl DMFA-water
(3:1, v/v). The reaction mixture was shaked, supplemented with
EDC (9.6 mg, 50 pmol) and allowed to stay at 5°C for 3.5-4.0
hours. N-hydroxybenzotriazole esters of mononucleotides were
isolated by paper chromatography in System B. The yields were
90-95%.

General procedure for preparation of oligo(poly)nucleotide

phosphoamidates. A water solution of amine (50 pl of a 3 M

solution) pretitrated by 6 N aqueous HCl to pH 4.5-5.5 was
added to a water-soluble salt of the oligo(poly)nucleotide
(0.001-0.01 umol). The reaction mixture was supplemented with

4.8 mg (25 umol) of EDC and allowed to stay at 4°C for the time
indicated in Table 2. The excess of the reagents was separated
by gel-filtration on Biogel P-2, and the oligonucleotide phos-
phoamidates were isolated by HPLC on nucleosil C18 columns.
Conversion of phosphomonoester groups of oligonucleotides is pre-
sented in Table 2.

General procedures for preparation of oligonucleotide deriva-

tives with simple alcohols. A water-soluble salt of oligo (po-

ly)nucleotide (0.001-0.1 umol) was supplemented with 50 pl of a
3-6 M alcohol solution in 0.4 M MES-buffer, containing 2 M
MgClz, pH 4.5-5.5, and 4.8 mg (25 pumol) of EDC. The reaction
mixture was incubated at 4°C for the time indicated in Table 2.
After gel-filtration on Biogel P-2, the oligonucleotide phospho-
diesters were isolated by HPLC on Nucleosil C18. Conversion of
phosphomonoester groups of oligonucleotides is presented in
Table 2.

Preparation of 2-{(N-Dans)-aminoethyl ester of d(TGGCCAAGCTp) .
d (TGGCCAAGCTp) (0.03 umol) was dissolved in 40 pl of 0.4 M MES-

buffer, containing 2 M MgClz, pH 4.0-4.5. The reagents were
added as described above for 2-(N-Dans)-aminoethyl ester of mo-
nonucleotides. The reaction mixture was incubated at 4°C for
24 h. The reaction product was isolated by gel-filtration on
Biogel P-2 followed by HPLC on Nucleosil C18. The yield was 30%.
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Preparation of N-hydroxybenzotriazole esters of (pU). and

d (TGGCCAAGCTp) . 0.01-0.02 umol of the oligonucleotide was dis-
solved in 40 pl of DMFA ~ 0.4 M MES-buffer, containing 2 M

MgCl2 (pH 4.5-5.5) 3:1 (v/v). The reagents were added as descri-
bed above for hydroxybenzotriazole ester of mononucleotides.
The reaction mixture was incubated at 4°C for 3 h. The products

were isolated by gel-filtration on Biogel P-2 with 90% yields.

RESULTS AND DISCUSSION

Reaction of mononucleotides with amino- and hydroxycompounds

Mononucleotide pA was selected as an object for a detailed
study of the EDC-induced modification of phosphomonoester gro-
ups. The heterocyclic base of pA is not modified by carbodiimides
and therefore it becomes possible to investigate only the con-
versions of the phosphomonoester group.

The characteristic feature of EDC is its ability to exist in

different tautometric forms depending on pH of the reaction me-

dium [14]:
N
4
CaHsNH-C/+
\N:\/
AN
02H5N=C=N: H* j,/"NH:
+ — e G2H5NH_ \+
HN N
/7 N\ C/ N\

H{  CH, /NH H CH
: GHN=C., > s
N -

/ N\ !
HC  CHs

For this reason EDC-induced reactions are usually pH~depen-
dent [15]. We have found pH-dependence of phospvhomonoester group
modification to be individual for each class of nucleophilic
agents (amines, alcohols, phenols}. In the case of EDC-induced
modification of pA by amines we established the forming of phos-
phoamidates to take place in a wide pH-range (from 2 to 10,
Table 3). The maximal efficiency and rate of modification for
amines of different basicity were observed at pH from 3 to 5
(Table 3). Under these conditions EDC predominantly exists in
the most reactive form I. The modification efficiency sharply

decreases if pH is brought down to 1 and below, because a phos-
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phomonoester group becames wholly undissociate (pK1=1.O, pK2 =
6.5) and thus unable to form an EDC-adduct. The distinguishing
feature of EDC is its ability to induce phosphomonoester group
modification at pH higher than 6 (Table 3). We suggest this abi-
lity may be explained by the presence of a strongly basic ter-—
tiary aminogroup (pKa = 11.1 [14]) in its structure. This amino-
group is always protonated under modification conditions. Appa-
rently at pH > 6 EDC can be activated in consequence of the int-
ramolecular proton transfer from the tertiary nitrogen atom to
the imide one. In this case the phosphomonoester modification

appears to proceed according to the following scheme:

0 /CHs

ne RO-P-0"  CoHsN=C \cH
02H5N~C“N } 6- = 0 0 ’ NuH
KO+ —
/N\ OH- 'D/ \DR
NG CHs
+/GH‘5
CaHeN =0 NCHy 0
Yy Nu -—Fl‘_—DR .
u 47\ 0 AN
0l o Hy
R ¢ [)H3

Nult - a nucleophilic agent

This assumption is confirmed by inhibition of the EDC-indu-
ced modification at pH>10 (Table 3) when the tertiary amine
group becomes unprotonated. Besides, carbodiimides whose struc-
ture lacks the protonodonor group, for example, 1-cyclohexyl-
-3-(2-morpholinocethyl) carbodiimide metho.4-toluenesulfonate,
do not induce phosphomonoester group modification at pH>6 [16].
The proposed scheme is in accordance with I.T. Ibrahim and
A. Williams data about reactivity of the acyclic form of EDC in
a basic medium [14].

An investigation of the pA reaction with hydroxycompounds in
the presence of EDC has shown the optimal pH range to be depen-
dent on the hydroxycompound nature.

In the case of simple alcohols, such as methanol, ethanol,
n-propanol and others, the reaction proceeds at pH from 2 to 6
(Table 4) and phosphodiesters are formed. The increase of pH-

value to 7 and higher results in pyrophosphate as the only reac-
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TABLE 4

EFFICIENCY OF EDC-INDUCED MODIFICATION OF pA BY HYDROXY-
COMPOUNDS AT VARIOUS pH VALUES (CONCENTRATION OF pA - 0.03 M,
HYDROXYCOMPOUND - 3 M, EDC - 0.5 M, TEMPERATURE - 20°C)

Degree of pA modification, %

Hydroxycompound  pH 55k 2n  6h  16*h 71 h
n-propanol#* 1.0 0 0 0 0 0
2.0 30-35 80~-85 100 100 100
3.2 30-35 95-100 100 100 100
4.5 25-30 100 100 100 100
5.5 15-20 95 100 100 100
6.0 10-15 90-95 100 100 100
7.0 0 0 0 3-5 5-10
8.0 0 0 0 0 0
4-nitrophenol 3.5 - -~ - 3-5 5-10
5.0 - - - 15-20 20-25
pK, =7.15 6.5 - - - 90-95 100
7.0 - - - 60-65 90-95
8.0 - - - 45-50 60-65
8.4 - - - 10-15 15-20
N~-hydroxybenzo- 2.5 45-50 60~65 90-95 - 100
triazole 4.0 - - 90-95 - 100
pK_ = 4.00 6.0 50-55 - 90-95 - 95-97
a 7.0 5-10  15-20 35-40 - 35-40
8.0 0 0 0 - 0
2-hydroxypyridine 3.0 75-80 100 100 - 100
pKa = 11.65 5.0 65-70 100 100 - 100
7.2 20-25 90-95 78-83 - 85-90
8.0 10-15 70-75 30-35 - 47-52
9.0 3-5 60-65 15-20 - 40-45

A similar dependence is observed for methanol, ethanol and
other simple alcchols.

tion product. This sharp alteration in the reaction course is
caused by the appearance in the reaction medium of a dianion-
phosphate which is a stronger nucleophile than alcohol and
reacts first of all with the pA-carbodiimide adduct.

Phenols, unlike alcohols, are not nucleophilic in the non-
ionized form. In contrast, the phenolate ion is one of the stron-
gest nucleophilic agents and so the reaction with phenols beco-

mes possible at pH 2> pK,of phenol. We succeeded in synthesizing

a
4-nitrophenyl ester of pA. The reaction proceeds most efficient-
ly at pH 6.5-7.0 with no pyrophosphate being formed (Table 4).
However, preparation of pA derivatives with phenol (pKa=10)

and N-Ac-Tyr methyl ester (pKa = 10.5) has proved to be impos-
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sible apparently as a result of EDC inactivation at pH » 10.
Moreover, the nucleophilic substitution in pA-EDC-adduct by
phenclate anion is impeded by electrostatic repulsion of the
same charged particles. This effect accounts for a decreased
rate of the reaction of pA with 4-nitrophenol in comparison
with amines and alcohols (Table 4).

EDC-induced phosphomonoester group modification in the pre-
sence of N-hydroxybenzotriazole and 2-hydroxypyridine proceeds
with high yields in a wide pH-range (from 2 to 8, Table 4).
The very high activity of the above compounds may be due to

their specific electron structure.

923

An investigation of the dependence of modification efficiency

on the concentration of reagents has revealed that a sufficiently

high concentration of a nucleophilic agent (1-3 M) and EDC
(0.5 M) is required (Table 5).
A rise in the temperature from 4°C to 50°C leads to an in-

crease in the modification rate; yet the yields of the derivati-

ves decrease owing to acceleration of EDC competitive hydrolysis.

We have found the modification of other deoxyribo- and ribo-
nucleotides to occur the same as pA. However, it is necessary
to take into account the possibility of the heterocyclic bases
(U, T, G) modification by EDC. We have found no heterocyclic
bases modification at pHg6 (48 h, 20°C). At pH > 6 this modifi-
cation may be detected after 2 h incubation at 20°C. The above
modification of U, T and G is reversible, and we recommend the
following procedure for its elimination: treatment by 0.2 M
Na.,CO, solution (pH 10.5) for 6-10 h at 37°C (or 24 h at 20°C).

2773
Consequently, we have determined the optimal conditions for

the modification of the phosphomonoester groups in mononucleoti-

des. It is recommended to couple mononucleotides to amines,
simple alcohols, N-hydroxybenzotriazole and 2-hydroxypyridine
at pH of the reaction mixture from 4.5 to 5.5. Lower pH values

are not advisable for the reaction of deoxyribonucleotides in

view of their possible apurinization. The optimal concentrations

are as follows: EDC - 0.5 M; nucleophilic agent - 3 M (for ami-
nes it is possible to decrease concentration to 1-0.5 M); and
the optimal temperature is 4-20°C (Table 1). For the reaction
with 4-nitrophenol the optimal pH value is 6.5-7.0, while
other conditions are similar to those indicated above (Table 1}

Reactions of mononucleotides with bifunctional agents

It was interesting to study EDC-induced phosphomonoester
groups modification by bifunctional agents containing both

similar and different functional groups. In case of reagents
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with similar functional groups (diamines,glycols) only one
functional group reacts, while the other remains intact (Table
6). The presence of an unsubstituted amino- or hydroxygroup in
such derivatives allows to use them for further derivatization,
for instance, acylation or alkylation. One should point to an
unusual reaction course under pA coupling to ethylenglycol.

In this case not only 2-hydroxy ethyl ester of pA (yield 80-85%)
but also by-product - nucleoside A was formed (yield 15-20%).

An analogous process of the dephosphorylation takes place also
under preparation of oligonucleotide 2-hydroxyethylesters,

At the same time isolated 2-hydroxyethyl esters of mono(oligo)-
nucleotides are stable in neutral and slightly acidic solutions.
The dephosphorylation seems to occur at the stage of interaction
of ethylenglycol with EDC-pA-adduct.

As for bifunctional reagents containing different functional
groups, the strongest nucleophilic group interacts first of all
with a preactivated phosphomonoester group. For example, in an
EDC-induced coupling of pA to tyrosine methyl ester or cysteine
methyl ester, only phosphoamidates but not phosphodiester or
phosphothicl are formed. No variations in medification conditi-
ons - pH values of the reaction mixtures or the reagent concent-
rations - altered the reaction course.

Isolation of mononucleotide derivatives, their structure

Phosphoamide and phosphodiester derivatives of pA were iso-
lated by electrophoresis on paper at pH 7.5 or by paper chroma-
tography. The anilide, imidazolide, morpholide, benzylamide,
butylamide of pA; and methyl, ethyl, propyl esters of pA were
found identical to compounds previously synthesized in our labo-
ratory [17]. The presence of an unsubstituted amino group in
aminoethylamide and aminobutylamide of pA was proved by a colour
reaction with ninhydrin.

The structure of pA derivatives with amino acid methyl esters
was proved by acidic hydrolysis followed by amino acid assay on
an amino acid analvzer. The nucleotide amount was determined
spectrophotometrically. The nucleotide - amino acid molar ratio
was close to an equimolar one.

The structure of 2-cyanoethyl ester of pA was confirmed by al-
kaline hydrolysis (conc. ammonium hydroxyd, 37°C, 24h) and by
snake venom PDE hydrolysis. The structure of 4-nitrophenyl,

2- (N-Dans)-aminoethyl esters of pA and also of pA derivatives
with 2-hydroxvpyridine and N-hvdroxybenzotriazole was determined
by snake venom PDE hydrolysis followed by separation of the hyd-
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Figure 1. UV-spectra of 4-nitrophenyl ester of pA
( }, starting pA (———) and
4-nitrophenol (--- -).

rolyzate by paner electrophoresis, The pA - alcohol molar ratios
determined spectrophotometrically were 1:0.97, 1:0.98, 1:0.87,
1:1.05 consequently. UV spectra of synthesized pA phosphodies-
ters are shown in Figures 1-4.

Reactions of oligonucleotides with amino- and hydroxycompounds

The chemical nature of phosphomonoester groups in mono- and
oligonuclecotides is identical, and therefore the results obtained
for mononucleotides have been used as a basis for selective modi-
fication of oligo(polylnucleotides. Reaction conditions determined
for mononucleotides have proved to be wholly appnlicable to EDC-
induced coupling of oligonucleotides to amines. A number of deo-
Xyribo- and ribooligonucleotide phosphoamidates have been synthe-
sized under above conditions (Table 2).

In contrast to the reaction with amines, the reaction with al-

cohols has proved to be more complex. Noticeable modification of
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Figure 2. UV-spectra of 2-(N-Dans)-aminoethyl ester
of pA ( '}, starting pA (— — —) and
2-{N-Dans)-aminoethanol {——- =),

heterocyclic bases (U,T and G) in oligonucleotides by EDC takes
place under conditions when these bases are not modified in mono-
nucleotides (pH 5.5, 4°C, 16 h). We assume this increase of unde-
sirable modification may be caused by the polyelectrolyte effect
of a polvanion oligonucleotide. The cation reagent - EDC - owing
to electrostatic interactions seems to be concentrated near the
rolvanion sugar-phosphate bone. The result is an increase in EDC
local concentration near heterocyclic bases and modification ac-
celeration. Remarkably, no such acceleration of heterocyclic ba-
ses modification is observed during oligonucleotide phosphoami-
date preparation. Probably, protonated amine ({its concentration
exceeds 6-7 times the carbodiimide one) forms a polyelectrolyte
layer near the oligonucleotide and protects it against modifica-
tion.

To lower the degree of undesirable modification in the synthe-
sis of oligonucleotide phosphodiesters we have used the property
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Figure 3., UV-spectra of pA derivative with 2-hydroxy-
), starting pA (— ——)

pyridine (
and 2-hydroxypyridine (---- ).

of oligonucleotides to form tight ionic pairs with Mg2+ ions [18].
If the reaction is carried out at nH & 5.5, but in the presence
of 2 M MqC12 and at 4°C, heterocyclic bases modification does not
exceed 5-10% after 24 h. To synthesize 4-nitrophenvl esters of
oligonucleotides the reaction has to be carried out at oH > 6
(see the mononucleotide reactions). In this case partial hetero-
cyclic bases modification takes place. For oligodeoxyribonucleoti-
des it is possible to eliminate this modification at conditions
found for mononucleotides. Since oligoribonucleotides incubated
at pH 10.5 are hydrolvzed, a different approach is needed for
preparation of 4-nitrophenyl esters of oligoribonucleotides con-
taining U and G residues.

The developed method is the only one for preparation of oligo-
nucleotide phosphodiester in an aqueous medium. We have synthesi-

zed a wide number of oligonucleotide derivatives with different
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Figure 4. UV-spectra of pA derivative with N-hydroxy-

benzotriazole ( ), starting pA (— — —)

and N-hydroxybenzotriazole {(~-~--).

type hydroxvcompounds including formerly virtually inaccessible
4-nitrophenyl esters, N—hydfggénzotriazole and 2-hydroxypyridine
derivatives of unprotected oligonucleotides. Besides, an oligo-
nucleotide affinity reagent, containing the bromoacetic acid resi-
due, and fluorescent N-Dans-aminoethyl ester of the decanucleoti-
de have been synthesized (Table 2).

Isolation of oligo(poly)nucleotide derivatives

Phosprhocamidates and phosphodiesters of oligonucleotides were
separated from the excess of reagents by gel-filtration on biogel
P-2 followed by chromatography on Lichrosorb—NH2 or Nucleosil C18.
All synthesized derivatives are homoaeneous in chromatography on
ion-exchange and reversed-phase carriers. Chromatography of the
reaction mixtures after synthesis of aminoethvlamide and N-hydro-
xybenzotriazole ester of (pU)5 is shown in Fiqure 5. The formati-

on of phosphoamide or phosphodiester linkage at the terminal phos-
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Figure 5. Chromatography of the reaction mixtures after
synthesis of N-hydroxybenzotriazole ester of
(pU)5 on Nucleosil C18 {a) and aminoethylami-
de of (pU)5 on Lichrosorb-NH, (b).
(—~——) chromatography of the starting (pU)S;

(

peak 1 - N-hydroxybenzotriazole ester of (pU)S,

) chromatography of the reaction mixtures,

peak 2 - aminoethylamide of (pU)S‘
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phate of oligonucleotides was confirmed by the lack of hydrolysis
of these substances by nacterial alkaline phosphatase.

CONCLUSION

In the present communication a general efficient method for
modification of the phosphomonoester groups of unprotected oligo-
nucleotides of practically any length and composition is proposed
The following modification characteristics have been found:

1) Modification proceeds at a higher rate in a wide pH inter-
val 2-9. This is due to the nature of the carbodiimide used,
containing a proton donor group.

2) The optimal pH range depends on the nature of a nucleophi-
lic aqgent.

3) The strongest nucleophilic agent present in the reaction
mixture is always involved in the condensation. All our data about
reactivity of different nucleophilic agents allow us to arrange
the investigated nucleophiles according to their ability to attack
the EDC-phosphate adduct in the following order: amines, N-hydro-
xybenzotriazole, 2-hydroxypyridine > 4-nitrophenol > dianionphos-
rhate > alcohol > water > monoanionphosphate. This reaction "sen-
sitivity" to the strength of a nucleophile enables us to suggest
a reaction proceeding according to the SN2 mechanism via a transi-
tion state of the trigonal bipvramid structure [19].

The developed method exhibits high selectivity of modification.
Owing to the fact that internucleotide phosphates are not affec-
ted, not onlyvy 3'- and 5'-terminal phosphates of oligodeoxyribonuc-
leotides but also 5'~terminal phosphates of oligoribonucleotides
may be easily modified.

The simplicity and the one-step character of the method allow
us to recommend it for derivatization of synthetic and natural
DNAs and RNAs along with the method based on imidazolide interme-
daites [20]. Moreover, the use of the water-soluble carbodiimide
as a condensing agent in oligo- or polynucleotide chemistrv seems
to be more perspective, because it permits to pbrepare not only
phosrhoramidate but phosphodiester derivatives including deriva-

tives with polymer supports [21,22],
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