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Summary

The contribution of steric and negative charge facters to the resistance
of uridylyl(3' — 5')N® -(N-threonylcarbonyl)adenosine to venom phosphodie-
sterase was investigated. The hydrolysis rates of uridylyl(3'—5')N® -(N-threo-
nylcarbonyl)-adenosine, its model derivatives, methyl ester and O-benzyl
ester, together with unmodified uridylyl(3'—5')adenosine, were studied. It
was found that the contribution of both factors is of the same order. The ste-
ric inhibition of digestion is distinctly higher than that confirmed by N®-(A2-
isopentenyl)adenosine [1], which is ascribed to the rigid conformation of the
threonylcarbonyladenosine side chain.

Introduction

It has been noted in a number of cases that oligonucleotides containing
some modified units are digested by phosphodiesterases much slower than
their nonmodified analogues, e.g. pseudouridine [2], L-enantiomers of f-ri-
bonucleosides [3], a-anomers of ribonucleosides [4, 5] and nucleosides in
syn conformation [6], when present in ohgonbonucleotldes, distinctly inhi-
bit their susceptibility to phosphodiesterase action.

The resistance imposed on phosphodiester bond by hypermodified nu-
cleoside N® -(N-threonylcarbonyl)adenosine (Compound I) resulted in the
isolation of uridylyl(3’' — 5')N*® -(N-threonylcarbonyl)adenosine (Compound

*To whom inquiries should be addressed.

Abbreviations: Compound I, N°-(N-threonylcarbonyl)adenosine; Compound II, uridylyl(3’ —
5')N‘ -(N-threonylcarbonyl)adenosine; Compound III, methyl esi’ber of Compound II; Com-
pound IV, O-benzyl ester of Compound II; UpA, uridylyl(3’' — 5')adenosine (see Fig, 1).
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II) [7] and its respective 5'-phosphate [8]. These compounds seem to be of
significant importance as they occur in the same location of the anticodon
section of a broad variety of tRNAs in both procaryotic and eucaryotic or-
ganisms [9,10].
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Fig. 1. Uridylyl(3' — 5')N® .(N-threonylcarbonyl)adenosine and its side chain modified analogs. Com-
pounds II, III and IV were synthesized chemically, V enzymatically,

Opinions on the basic reasons for the inhibitory action of Compound I
have been diverse so far.

Cunningham and Gray [8] suggested that the phosphodiester bond
linking 5'-hydroxyl of Compound I to the 3'-hydroxyl of the adjacent nu-
cleoside is exceptionally resistant to phosphodiesterase hydrolysis due to the
presence of the bulky side chain in Compound 1. Strikaitis and Schweizer
[7] believed rather that the negatively charged carboxyl group had an impor-
tant contribution to the resistance. This assumption has been based on the
data of Richards and Laskowski [11] who observed in the case of unmodi-
fied oligonucleotides a distinct inhibition of phosphodiesterase action by a
charged primary phosphate at the 3’ position.

It has been also found by Holy [12] in the case of uridylyl(3' — 5')5-
carboxyuridine that the presence of a charged carboxyl group in this sub-
strate results in an inactivity of snake venom phosphodiesterase.

In order to evaluate the contribution of the steric and charge factors to
the above mentioned resistance of Compound II we investigated the rate of
venom phosphodiesterase hydrolysis of Compound II and unmodified UpA
together with two model derivatives of Compound II:

1. Uridylyl(3' — 5')N® -(N-threonylcarbonyl)adenosine methyl ester

(Compound III) had no negative charge and steric requirements of
the side chain similar to those of 1.

2. Uridylyl(8' — 5')N® -[N-(O-benzyl)threonylcarbonyl] adenosine ben-
zy! ester (Compound IV) also had no negative charge. The presence
of two additional bulky groups increased the steric hindrance in com-
parison with that of Compound II.
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Compound II was prepared by chemical synthesis [13] . 2'3'-O-Isopro-
pylidene-N¢ -[ N-(O-benzyl)threonlycarbonyl] adenosine benzyl ester was
condensed with 5'-O-monomethoxytrityl-2'-O-acetyluridine 3'-phosphate
and the phosphate function of the dimer was protected with 2-cyanoethanol.
Step by step deprotection in the following order: acid hydrolysis, alkaline
hydrolysis. hydrogenolysis produced dinucleoside monophosphate identical
in all respects with the compound isolated from tRNA [7]. Compound IV
was the product of partial removal of the protection of completely blocked
dinucleoside monophosphate [13].

Compound I1I was obtained analogously to Compound II starting with
2,'8'-O-isopropylidene-N¢ -[N-(O-benzyl)threonylcarbonyl] adenosine methyl
ester.

The homogeneity of Compound 1II was confirmed on paper chromato-
graphy in four solvent systems. Ry values were as follows: Whatman No. 1
paper, descending development Ry = 0.72 in isopropanol/conc. ammonia/
water (7:1:2, v/v); 0.61 in ethanol/1 M ammonium acetate (7:3, v/v); 0.54 in
n-butanol/acetic acid/water (5:3:2, v/v); 0.69 in isopropanol/1% (NH, ), SO,
(2:1,v/v).

Digestion with pancreatic ribonuclease. 0.2 mg Compound III was dis-
solved in 20 ul water and 50 u1 0.13 M Tris buffer (pH 8) and ribonuclease
(bovine pancreas, Reanal product, 1 mg/20 ul water) was added and the mix-
ture incubated at 37°C. After 48 h, the substrate was completely digested.
Paper chromatography in isopropanol/conc. ammonia/water (7:1:2, v/v)
showed only spots moving like Compound I methyl ester (R 0.80) and uri-
dine 3'-phosphate (Ry 0.18).

UpA was obtained by enzymatic synthesis.

Two sets of experiments were performed. In the first, the progress of
snake venom hydrolysis of Compounds II—IV and UpA as a function of time
was followed at pH 8. This is the highest pH value at which the ester groups
were stable under the digestion conditions applied. In the second one, the
pH dependence of hydrolysis was tested. The results are given in Figs. 2 and
3. ‘

Fig. 2 demonstrates that, after 24 h, the hydrolysis of methyl ester I1
was almost complete (approx. 97%), whereas only approx. 28% unblocked
Compound II was cleaved after this time. Therefore of two compounds with
similar steric hindrance, the one bearing negative charge is distinctly more
resistant to phosphodiesterase cleavage. The effect of the steric factor on the
overall slowing down of the cleavage of the internucleotide bond in Com-
pound II is also clearly pronounced. Unmodified dinucleoside monophos-
phate (UpA) needs only 3.5 h to be more than 95% digested.

Calculation of the ratios of hydrolysis rates at various stages of diges-
tion for the pertinent pairs of dinucleoside monophosphates makes possible
comparison of the importance of various influences on resistance (Table I).

It turns out that, although the effect of the negative charge prevails, its
order is the same as that of the steric factor. Schweizer et al. [1] noted, that
only a small dimunition of the rate of hydrolysis of the internucleotide bond
of modified dinucleoside monophosphate, adenyl(3'—5')N®-(A? -isopen-
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Fig. 2. Time course of hydrolysis by venom phosphodiesterase of Upt® A (I, #—8), its methy! ester
(11, A—24) dibenzyl derivative (IV, 0——0) and unmodified UpA (V, 0—-0) at pH 8. The reaction
mixtures were made up in 2 ml vials, at 0°C from 100 1l of 0,13 M succinic acid/Tris buffer, 40 ul water
solution of compounds II—V containing approx. 1.04 umol (0.60—0.96 mg) of the substrates, 10 ul of
0.13 M MgCl, and 100 ul of Worthington snake venom diesterase solution containing 46 ug of enzyme
of potency 1.36 assayed according to [15]. The enzyme was pretreated to inactivate 5 '_nucleotidase
[16]. The mixtures were incubated for 24 h in a 37  0.2°C water bath, returned to the ice bath, ap-
plied to silica gel plates (Merck 60 F,,,, 5 em X 10 cm X 0.25 mm) and developed in an n-butanol/
water solution (86:14, v/v), The intensity of spots was measured on a Vitatron TLD 100 densitometer
with a 254 nm filter, Per cent hydrolysis was calculated from the ratio of the amount of uridine
formed to the sum of unhydrolyzed substrate and the respective 5'-phosphate.

TABLE I

THE FACTORS CONTRIBUTING TO THE RESISTANCE OF COMPOUND Il TOWARDS SNAKE
VENOM DIESTERASE

Calculated from the data given in Fig. 2 as the ratio of % hydrolysis of less resistant species to % hydro-
lysis of more resistant one,

Pair of dinucleoside
monophosphates compared *

Kind of effect traced

Inhibition factor at
various reaction stages after

1 2 4h

UpA/Upt® A

charge and steric 9.4 7.5 6.1
Up(Met)® A/Upt‘ Negative charge 35 3.4 3.1
UpA/UpsMet) A Steric 27 22 1.9
Up(Met)® A/Up(Bzl, t)° A Additional steric 19 21 1.9

Summary -- negative

*For explanation of abbreviations see Fig. 1.
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Fig. 3. Effect of pH on the hydrolysis by venom phosphodiesterase of: A. Upt® A (II, —=») its
methyl ester (I1I, 2~—2) and dibenzyl derivative (IV, 0—=0). Reaction time 12.h. B. UpA (V, 0—=0).
Reaction time 1 h. The procedure was essentially the same as described under Fig. 2. 0,13 M succinic
acid and 0.13 M Tris base were mixed up to give buffers of pH 3.5—9 with 0.5 pH unit intervals. The
amounts of reagents were half of these used in rate determination at pH 8.

tenyl)adenosine occurred, compared with unsubstituted ApA. The distinct
inhibitory effect of the N-threonylcarbonyl substituent can be explained in
terms of the rigid conformation of Compound I, due to the intramolecular
bifurcated hydrogen bond of the hydrogen H(N-11) to nitrogen N-1 and
oxygen 0-14, similar to that found for solid state from X-ray diffraction
data [16]. The isoprene side chain of N®-(A? -isopentenyl)adenosine may
have a higher freedom of rotation and therefore be able to assure better ac-
cess into the enzyme active site (Fig. 4).

The fact that the inhibiting factor of two additional bulky benzyl
groups is not higher than that of Compound I side chain itself may also sup-
port the assumption of the rigid conformation of the latter.

The pH dependence data (Fig. 3) provide further information about the
role of negative charge in the resistance of Upt® A to phosphodiesterase clea-
vage. Response to pH during hydrolysis of esters III and IV is similar to that
of unmodified dimer UpA, although its hydrolysis proceeds at a faster rate.
The unblocked Compound II has a different pH dependence profile. At pH
3.5, it is cleaved as fast as its methyl ester and distinctly faster than the di-
benzyl derivative. The steric effect prevailed at this pH value, because half of
Compound II molecules were already in a nonionized form (pKa of carboxyl
group of Compound I is 3.8 [17] ). Unfortunately, pH regions lower than 3.5
are not accessible to this type of investigation because phosphodiesterase
loses its activity almost completely.
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Fig. 4. Rigid conformation of N -(N-threonylcarbonyl)adenosine methyl ester (A) and flexible confor-
mation of N®.(A?-isopentenyl)adenosine (B).

The observations presented above, together with the data of Richards
and Laskowski [11], lead to the following, more general conclusion: The de-
gree of resistance of oligonucleotide to snake venom phosphodiesterase in-
duced by a single negative charge at the 3’ end of an oligonucleotide is of an
order of magnitude comparable to that introduced by a bulky side chain of
aglycon at this position.

This investigation was supported by the Polish Academy of Sciences
within the project MR 1-12.1.7.11.
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