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QLIGODLEOXYRIBONUCLEQTIDE-3 ' =PHOSPHATE SYNTHISSIS BY SELECTIVE
CLEAVAGE OF 3'-TERMINAL URIDINE

N.fF.Krynetskaya, G.V.2ayakina, T.S5.0retskaya, B.l.Volkov
and Z.A.Shabarova

Chemistry Department, Moscow State University, Moscow
119899, USSR

Abstract. A universal method is evolved for synthesizing
oligyodeoxyribonucleotides containinrg a 3'-terminal phospra-~
te group. This method consists of obtaining oligodeoxyribo-
nuclecotides containing a 3'-terminal uridine (incorporated
by enzyme TdT-catalyzed reaction or by routine triester
technique), in selective oxidation of the 3'~terminal ribo-
se of uridine and subsequent ja—elimination of the phospha-
te residue.

Studying modified inter-nucleotide bonds (pyrophos-
pate bonds in particular 1) and oligodeoxyribonucleotide
assembly into DNA-like duplexes (chemical ligation 2) re-
quires a universal method for synthesizing oligodeoxyribo-
nucleotides with 3'~terminal phosphate groups. Tne synthe-
sis method for oligodeoxyribonucleotide 3'-phosphates des-
cribed recently in the literature 3 is based on the syn-
thesis of oligonucleotides with 3'—terminal ribocytidine,
subsequent oxidation of the cis-glycol group upon treat-
ment by NaIO4 and p -elimination of the oligonucleotide-
3'~phosphate upon treatment by L-methionine. We propose
to use for this purpose oligodeoxyribonucleotides contai-
ning 3°'~terminal uridine, On the one hand, the applica-

tion of uridine reduces one step of chemical synthesis,
33
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namely the blocking of NHQ—group in a heterocyclic base. On
the other hand it is possible to use the terminal deoxyribo=-
nucleotidyltransferase 4 and rUTP for enzymatic addition of
rlJ to tae 3'-end of the deprotected oligodeoxyribonucleoti-
de.

In this paper we propose simple general procedures for
obtaining oligodeoxyribonucleotides with the 3'—terminal

phosphate group.

RESULTS AND DISCUSSION

According to our method, the overall strategy of 3'-
phosphooligodeoxyribonucleotide synthesis includes:
1. The synthesis of oligodeoxyribonuclectices containing
3'=terminal uridine;
2. The oxidative splitting of the ribose ring cis-glycol
group with the Formation of a dialdehyde fragment;
3. j;-elimination of the oligodeoxyribonucleotide-3'-phos-—

phate resulting in 3'-end internucleotide bond cleavage:

i
R'-3'-O-£-OH 1.rU(Bz)2;TPS,MeIm R~3'-0H,rUTP,
Bl Yo, deblocking TdT
"
1
NaIO4/
0 U / R' = 5'-0-MeOTr-
R-0-P=0 N-bz-oligode~
OH ](:’ oxyribonucleotide
o R = deprotected oli-
0 .0 (2) godeoxyribonuc-
leotide
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In this paper we describe two methods for the synthesis
of an oligodeoxyribonuclectice with 3'~terminal uridine:
enzymatic addition of prU to the 3'-end of the deprotected
oligodeoxyribonucleotice or conventional procedures of the
triester synthesis of oligodeoxyribonucleotides 5, inclu-
ding the application of 2!',3'-0-dibenzoyluridine for intro-
ducing 3'-terminal ribose 6 . Uridine, unlike other ribonuc-
leosides 3 , excludes introduction of protective groups to
heterocyclic bases.

A single ribonucleotide additicn to the 3'-end of a de-
blocked oligodeoxyribonucleotide was studied in detail. The
reaction was carried out in buffer A containing 1 M potassi-
um cacodylate, pH 7.6; 10 mii CoCl2 and 2 md¢ dithiothreitol 4.
One of the following synthetic deprotected oligodeoxyribo-~
nucleotides d(ACTCTGTTC) (I), d(CCTGGAATT) (II), d(CACTATCA-
ATAAGT) (III) and one of the four ribonucleoside-5'-triphos-—
phates were substrates in the terminal deoxyribonucleotidyl-
transferase (TdT) - catalyzed reaction. Taken in an equimo-
lar amount to the oligonucleotide, rUTP or rCTP revealed a
single ribonucleotide incorporation into the 3'—end of the
oligodeoxyribonucleotide, yielding 80-85% of the desired
product. Purine ribonucleoside-~5*'-tripnosphates formed mulw
tiple rather than single addition products. Thus, in the
presense of rGTP, compound I forms &(ACTCTGITC)rG (504%) and
d(ACTCL'S TC)rG2 (40%). So the conditions chosen for a single
ribonucleotide addition were as follows: the reaction mixtu=
re (Vtotal = 10‘pl) contained buffer A: 1.5x10—4M oligodeoxy-
ribonucleotide; 1.5X10—4M rUTP; 25 u.a. * rar.

The optimal conditions for ribose oxidation and clea-
vage were assayed on the model compound dTprU. In fact,the
oxidation of dTprU (0.013 M) by sodium periodate7 (0.025
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M) is completed in 30 minutes at room temperature (TLC -
control, system B).

The p~elimination reaction (the cleavage of the Cs'—o
bond in compound 2, see scheme)was carried out in the pre-
sence of various amines? The results are summarized in
TABLE 1.

As seen from TABLE 1, complete cleavage of the
CS.-O bond in compound 2 (see scheme) was achieved by
using 0.3 M aqueous benzylamine or 0.3 M aqueous cyclohexyl-

amine for 1 hr. at 20°C. In further experiments the treat-

ment by 0.3 M aqueous cyclohexylamine was used for the p—eli-

mination reaction.

TABLE 1.
Conditions for the g-elimination reaction in oxidized

dinucleotide dTpru (1.3x10-2 M) upon treatmentwith amines

Amine, M pka PH Time Tempera- Cleavage
(min) ture,°C %

Aniline 0,033 4,63 5.4 30 90 80
Piperidine

Benzylamine

0.3 9.33 9.0 60 20 100
Cyclohexylamine

0.3 10.66 10.0 60 20 100

* 13
One unit is the enzyme activity that catalyzes the in-
corporation of 1 nmol of dTMP into acid-precipitable
fraction within 60 min under assay conditions.
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Thus, the synthesis of oligodeoxyribonucleotides with 3'~
terminal phosphate groups from oligodeoxyribonucleotide-3'~rU
amounts to a consecutive treatment of the oligonucleotide
with a 25 mM solution of NaIo, (0.5 hr;, 20°C) and 0.3 M
solution of cyclohexylamine (14 hr., 20°C).

This method was successfully applied for synthesizing
some oligodeoxyribonucleotide-3'-phosphates (see TABLE 2).

Reaction mixture analysis and isolation of oligodeoxy-
ribonucleotide-3'~phosphates were achieved by ion-exchange

HPLG, with Lichrosorb-NH_ as support.

2

FIGURES 1 and 2 show a chromatographic elution profile
obtained from gn asliquot after(FIG. 1))rUMP incorporation in-
to the 3'-end of oligodeoxyribonucleotide I and (FIG. 2)

selective removal of the 3'-ribose moiety from d(ACGGA)rU.

ZABLE 2.
Synthesized oligodeoxyribonucleotide-3'~phosphates

Oligonucleotide-3'-phosphate Yield (%) Quantity meol)

A - via triester method

d(ACGGAp) 85 0.35
d(CACTATCAp) 75 0.50
d( TCGACCATAAAAD) 75 1.0

B - via TdT-catalyzed ruU-

addition
d(ACTCTGTTCp) 80 0.1
d(CACTATCAATAAGTp) 80 0.1

d( TGGAGTCATTACCGD) 75 0.15
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FIG. 1. Chromatography on Lichrosorb—NH2 (in a sodium
phosphate concentration gradient 0 -0.15 M, pH 7.0,
in 7 M urea) of the reaction mixture obtained after
rU-incorporation by TdT-catalyzed reaction into the
3'-end of d(ACTCTGTTC).
1. d(ACTCTGTTC)
2. d(ACTCTGTTC)ruU.

The presence of the 3'-phosphate group in synthesized
oligodeoxyribonucleotide-3'-phosphates was confirmed by en-
zymatic dephosphorylation, The dephosphorylated oligonucleo-
tides formed in hydrolysis are readily separated from oli-
gonucleotide~3'-phosphates by ion-exchange chromatography
due to a lower total charge. Synthesized oligodeoxyribonuc-
leotide-3'~phosphates were completely degradable by the simul-
taneous action of alkaline phosphatase and snake venom phes—
phodiesterase 9¢

The developed precedure was applied for introduction of

he 32

t P -3'-terminal phosphate group into cligodeoxyribonuc-
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F1G, 2, Chromatography on - Lichrosorb-NH2 (in a sodium-
phosphate concentration gradient O —+0.1 M, pH 7.0,
in 7 M urea) of the reaction mixture obtained after
d(ACGGA)rU cleavage.

1. d{ACGGAp)rU;
2, d(ACGGA)p.

32p _4(CCTGGAATTY) was

leotides. It is in this way that
obtained. The identity of the compound synthesized was con-
firmed by polyacrylamide gel electrophoresis.

The method developed and described in this paper can
be easily applied for rapid and effective synthesis of oli-
godeoxyribonucleotide containing 3'-terminal rU (either by
the enzyme TdT-catalyzed reaction of the oligodeoxyribonuc-
leotide with rUTP or by the routine triester technique).
Subsequent chemical cleavage by NaI04/amine treatment pro-
duced oligodeoxyribonucleotide-~3'~phosphates obtained in
good yields, The method can be readily applied to the syn-
thesis of oligodeoxyribonucleotide-3'-~phosphates despite the

length and the primary structure of the starting oligodeoxy-
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ribonucleotides. Another possibility is the synthesis of an
oligodeoxyribonucleotide, containing the 32P =3 '-terninal

labelled phosphate group.

EXPERIMENTAL

General. Used in the work were: deoxyribonucleotides,
alkaline phosphatase (EC 3.1.3.1), snake venom phosphodies-
terase (EC 3.1.4.1), deoxynucleotidyltransferase from calf
thymus (EC 2.7.7.31) (Novosibirsk, USSR); 1,3,5-triisopro-
pylbenzenesylphonyl chloride (TPS), N-methylimidazole
(Merck, FRG), rATP, rCTP, rGTP, rUTP (Serva, FRG).

Paper chromatography on FN-1 (Filtrak, GDR) and thin-

layer chromatography (TLC) on cellulose disks (Eastman Ko-
dak, USA) were performed in the following systems of sol-

vents: A - ethanol + 1 M ammonium acetate, pH 7.5 (7:3 v/v);
B - propanol + ammonia + Water (55:10:35 v/v); TLC was per-
formed on kieselgel 60 (Merck, FRG) in a system C-chloro-
form—ethanol (9:1 v/v).

High performance liquid chromatography (HPLC) was carxied
out byusing "Millichrom" (Novosibirsk, USSR) equipped with a
Lichrosorb—NH2 ("Merck", FRG) column (1x30 mm, 5 pm) in a
sodium-phosphate linear gradient (0 —*>0.2 M), pH 7.0 in
7 M urea.

Hydrolysis of the oligonucleotides by alkalinephospha-

tase from E.coli. 0.1-0.5 o.u. of the oligonucleotide was
dissolved in 10 pl of distilled water, and 0.1 u.a./ml of

alkaline phosphatase (EC 3.1.3.1) in a buffer containing
0.02 M NH4HCO3, 0.04 M MgClz, pH 8.5 was added. The hydro-
l1ysis products were loaded on a column (1x30 mm) with Li-
chrosorb—NH2 and were separated in a linear Na-phosphate
buffer concentration gradient (0 —>0.12 M), pH 7.0, in 7 M

urea,
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Hydrolysis of oligodeoxyribonucleotides by snake venom
9

phosphodiesterase was carried out according to Khorana~,

Synthesis of protected mononucleotides. N-Benzoylnuc-—

leosides were obtained by benzoyl chloride acting on nuc-
=

i

leosides with subsequent alkaline hydrolysis, and also

10 as an intermediate pro-

by using trimethylchlorgsilane
tecror of nucleoside hydroxyl groups. The completely protec—
ted nucleoside-3'~phosphates were synthesized by a consecu-
tive treatment of 5'-0-, i=pirotected nucleosides with p-chlo-
rophenyl phosphobistriazolide and ethylenecyanohydrin. Remo-
val of the nonomethoxytrityl group was performed by a 10%
solution of trichloracetic acid in chloroform at 0°C. The
cyanoethyl group was removed by treatment with triethylami-
ne-water-pyridine (1:1:3 v/v) for 15-20 min 5.

Overall procedures for internucleotide condensation.

A mixture of 1.0 mmol nucleotide and 0.8 mmol nucleoside COMw
ponents was dried by three-fold evaporation in the presence
of absolute pyridine. The final evaporation was performed at
a volume when the total concentration of the components, ta-
king into account the N-methylimidazole added subsequently
should make up 0.1 M. Then the reaction wixture was treated
with 3 mmol of TPS and incubated at room temperature for
10-30 min. (TLC~control, System C); it was treated according

to the method already described 5

. The end product was isola-
ted by column chromatography on silicagel in an ethanol dgra-
dient concentration in chloroform (0-10%). In accordance with
these procedures, dTpru; d[KﬂeOTr)bzAszCEbzGEbzG%bzA%]-
rU(Bz)Q; d[(Meorr)szgbzAgbzCETEDZA%T%bZC%PzA%JrU(Bz)2;
d[(MeOTr)€sz%{bz%£bzA£bzCgbzCgbzAngbzA%PzA%bZAEPzA%JrU(Bz)2
were synthesized with the corresponding yields of 904k, 80%,

70% and 654. Z = p-chlorophenyl.
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3'~terminal ribose residue addition to oligodeoxyribo-

nucleotides with Terminal Transferase and rUTP. The reaction

mixture {10 ml) contained 1 M Potassium cacodylate, pH 7.6,
10 mM CoCl2, 2 mM ditifliothreitol,1.Sx'lo"4 M oligodeoxyribo-

nucleotide, 1.5x10"% - 1.5)(‘!0_.3

¥ rUTP and 10-25 u.a./10 pl
TdT. After incubation for 1 hr. at 37°C the reaction was
terminated by adding 5% trichloroacetic acid. The mixture
was deproteinated by chloroform — i-AmOH extraction (24:1
v/v, 3x10‘p1). The reaction mixture was applied onto g
Silasorb C-18 column (3x5 mm) and washed (5% lMeOH, 100 jpl).
The product was eluted by 30% MeOH (300 mul).

Symthesis of the oligodeoxyribonucleotide~3'-phosphate

via ribose cleavage. The oligonucleotide with 3'=terminal

rU was dissolved in water (a Final concentration of 2-25 mM
oligonucleotide was used) and supplemented with C.1 M solu-
tion of NaIO4 (a final concentration of 25 mM NaIO4). The

reaction mixture was incubated at room temperature in dark-
ness for 0.5 hr. A 10% ethyleneglycol solution in water was
added, and allowed to stand for 15 min. at room temperature.
Then a 1 M cyclohexylamine solution in water was added (a

final concentration of 0.3 M cyclohexylamine) and the reac-—
tion was carried out at room temperature for 1 hr. Immedia-
tely after that the oligodeoxyribonucleotide-3'-phosphate

was isolated as described below.

Overall procedures of the oligodeoxyribonucleotide-3'-

phosphate isolation. For di~ and trinucleotide cleavage,

the reaction mixture was separated by paper chromatography
in system A. In the case of dN(wtn)p, where n > 3, the reac-
tion mixture (24Ju1) was loaded on a column (1x30 mm) with
Lichrosorb-NHa, and washed with 175.P1 of 7 M urea; chro-

matography was performed in a sodium phosphate concentrati-
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on gradient (0-0.2 M), pH 7.0, in 7 M urea. The volume of
the eluate: 1800.P1' the rate - SO‘yl/min.

Fractions containing oligodeoxyribonucleotide-3'~phos-
phate were applied onto g Silasorb C=18 column(3x10 mm) and
washed with water (SOO‘Pl). The desalted product was eluted
by 30% leOH (SOOtpl).
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