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QLIGONUCLEOTIDES AND NUCLEOTIDE-PEPTIDES.
LY. SYNTHESIS AND SOME PROPERTIES OF TRIESTERS OF
HYDROXY AMINO ACIDS AND THYMIDILYL-(3'-5')-THYMIGINE!

B.Juodka*, L.Bagdoniens, R.Plaipa
Department of Biochernistry and Biophysics, Vilnius University,
Vilnius 2009, Ciurlionio 21, Lithuania

Abstract. N-Cbz-Ser(OMe)-(F;»Q)-(TpT) and N-Bz-Tyr(QEN-(P;~0)-
(TpT) wers synttiesized as diastereomeric mixtures of approxirmately (1 : 1)
by reacting (TpT) with 2,4,6-triisopropylbenzenssulphonyl chloride and
hydroxy amine acids. Their stability to the action of chemical agents and
phosphodiesterases was investigated.

- Nueleic acid-protein complexes with a covalent bond between the
componants have recently been isolated from wvarious sourcese® The
functions of these complexes are of great importance. It has been shown, that
in most cases protein and nucleic arid components are covalently linked via a
phosphodiesteric bond between the terminal phosphate of nucleic acids and
the hydroxy group of amino acid residues of protsins 2.7, Hewever, the
lysis of cells and isolation of DNA in alkaline conditions yields decomposition
of internucleotidic bonds in covalent DNA-protsin complexes 4.9, 11
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Lability of these cornplexes in alkaline mediurn allows one to think about
the phosphotriesteric bond between DNA and hydroxy amino acids¥.
Recently this type of DNA-protein complex was found in human placenta and
Ehrtich ascites tumor cells! !,

It is difficult to determine the type of covalent bond between DNA and
protains because the molecules thernselves are complex. Functional groups of
proteins can influence NA-protein bond properties under various condi-
tions?.

The investigation of the properties of synthetic model compounds in
which nucleotide or oligonucleotide is linked to the amino acid/peptide by a
covalent bond is of great importance in solving these protlems. Mucleotide-
peptides with a phosphoamide or phosphoester bond between the amino acid
and terminal phosphate of nucleotide{oligonucleotide) have been studied in
detail [reviews 2,12]. However, there is no data about the phosphotriesteric
nucleotide-peptide type,in which hydroxy amino acids are linked to an inter-
nuclectide phosphate of cligonuclectides by a phosphoester bond.

The object of this research was to synthesize the analogues of serine and
tyrosine of dinucleoside monophosphate and investigate the hydrolysis of
phosphotriester bonds by chemical agents and phosphodiesterases.

Results and discussions

For the synthesic of 3'-O-tritylthymidilyl-(3'>5')-thymidine- (P,=C)-N-
Chez-L-serine methyl ester (I and 5'-O-tritylthyraidilyl-(3' -5 -thymiding-
(Pj>O)-N-Bz-L-tyrosine ethyl aster (II) we have used triisopropylbenzene-
sulphonylchloride for the achivation of the internuclectide phosphate as
previously described 13

Thy o Thy Thy  Thy

| |
I + HO-R TES —» I
g J B et

OH OR
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NH-Chz
I
[ R= ~CH,- CH-COOMs;

\ N - Cbz - Ser(OMe) - (P, +0) - (Tr TpT)
X = ~C(CeHs) (OMe) - (B,

NH - Bz
|
Il R= ~CgH, - CH, - CH - COOEL,

MNH-Cbz
[11. R= ~ CH, - CH - COOMe,
¥ =H N - Cbe - Ser(CMe) - (F, =+ -(TpT)
NH-Bz
IV.R = ~C¢H, - CH, - CH - COOEL
< H N-Bz- Tyr(OEt)-(B; -w0) - TpT)

Tritylated oligonucleotide-hydroxy amino acid derivatives (I, II) were
isolated by chromategraphy on a silica gel column. The gradient elution by
ethianol in chloroform (0-20%) was used. Reaction products were obtained as
a diastereomeric mixture. 4-5 tirnes chromatography on the silica gel column
enriched separate fractions of one of the diastereoruers only in part, although
we could not separate them one from another completely.

After detritylation and rechromatography on the silica gel column,
N-Ctz-Ser(OMe)-(P;~C)-(TpT) (III) and N-Bz-Tyr(CEt)-(P;>0)-(TpT)
(IV) as a mixture of diastereomers of approximately 1.1 were obtained.
HPLC chromatography on an Ultrasphere ODS column was most effective
for the separation of the diasterscmers of compounds (I11,IV) Analytical se-
paration of the diasterecmers of compounds (IIL 1Y) is shown in FIGURE 1.

The structure of compounds (111, 1V) was proved by determination of ratio
of amino acid: phosphorus : thymine after complete acidic hyt:troly'sisl4 and
by HYNMR.

Some characteristics of obtained diastereomers of phosphotriesters
(IILIV)are shownin TABLE 1.
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FIGURE 1: The separation of the diastereomers of N-Chz-Ser(OMe)-
(P;~0)-(TpT) (a) and N-Bz-Tyr(CEL)-(P;~O)-(TpT) (b). Elution with 30%
(a)and 20% (b} of acetonitrile in water was used.

TABLE !: HPLC analysis and TLC characteristics of the diastereomers of
serine and tyrosine dinucleoside monophosphates.

HPLC conditions Ry
retention {concentra

Compound time, fionofacel A| B
min tonitrile in
water, 2
N-Cbz-Ser(OMe)-(F, » O-(TpT) (illa]  6.34 | 30 |0.340.42
(iwy 691 | 30 |0.38|04s
N-Bz-Tyr(OEt)-(B, » OX(TpT) (IVa)| 457 | 20 (0.4 l0.48
(V)| 498 | 20 |0.43]051

R¢ in solvent systems: A - chloroform . ethanol (9:1), B - chloroform: ethyl
acetate : ethanol (75 25: 2).
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For comparison of the hydrolytic stability of serine and tyrosine triesters
of TpT and diesters of TMP, we synthesized thymidilyl-(5'—-»0)-N-Cbz-L-se-
rine methyl ester(V) and thymidilyl-{5'-0)-N-Bz-L-tyrosine ethyl ester
(¥1). Synthesis was carried out using carbodiimide!4 and triisopropylben-
zenesulphonylchloride 13 methods.

Thy Thy
+ Ho—g DECor TPS c’?
P ' ~Q--p—

1
OR

NH-Chz

i

V. R=-CH,~CH-COOMe N - Cbz - Ser(OMe) - pT
NH-RBz

i
VIR =-C/H,-CH,-CH-COOEt N-Bz-Tyr (OEt)-pT

Thymidilyi-(5' >O)-hydroxy amino acids (V, VI) were isolated by
chromatography on a DEAE-cellulose column and by rechromatography on
paper in solvent system D. Some characteristics and proof of the structure of
the compounds (I1I-VI)are givenin TABLE 2.

From the molecular biclogical point of view it is irportant 1o know the
hydrolytic stability of model nucleotide-peptides and their resistance to
different phosphodiesterases. These approaches ara often used in determining
the structure of covalent nucleic acid-protein complexes.

Sering and tyrosine dinucleoside monophosphate analogues were
investigated (II1, IV), and their properties were compared with the properties
of corresponding phosphodiesters N-Cbz-Ser(OMe)-pT (V) and N-Baz-
Tyr(CE-pT (VD).

It is known, that diesteric nucleotide-peptide derivatives are stable in
acidic and weak alkaline medium (pH 0-11,37°C, 1h) and decompose only in
strong alkalil4. Our investigation showed that N-Cbz-Ser(OMe)-pT and N-
Bz-Tyr(OEt)-pT are stable 1n acidic medium as well (IN HCl, 37°C
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TABLE 2. Yields and some characteristics of hydroxy amino acid
compounds of TMP and TpT

: a) t) | Ratio thymine:
Yield R¢ U )
Compound ’ T | phosphorus :
P % |C D ! amino acid

N-Cbz-Ser(OMe)-
-(P,-»O)}(TpT) (III} |48 [ 092] 09 0 2:1:09

N-Bz-Tyr(OEt)-
(P ~O-TpT) (IVY |32 |093|0%2 | O 167:09:1

N-Ctz-Ser(OMe)-pT (V)| 22 | 072 068 | 046 | 09:1:1
N-Bz-Tyr(CEQ-pT (VD) | 11 | - | 0.88 | 045 | 1.1:1:1

a) R¢insolvent systerns: C - 2 - propancl : conc. NH, CH : water (7 : 1:2);

D - tert.butyl alcohol : water (7 : 3}; b) electrophoretic mobility relative to
thymidine - 5'-phosphate (0.05M triethylammonium bicarbonate buffer, pH
7.5,0.5h, 1200 V).

1h). There is a great difference of stability in alkaline medium hetween serine
and tyrosine phosphodisstars It may be inferred from the experimental data
(TABLE 3) that the rate of the hydrolysis of phosphodiesteric bond of
nucleotidyl-(P-0)-amino acids depends on the structure of the amine arid
component. 30% of the diester of serine and thymidylic acid in the alkaline
medium (0.5 N NaOH, 37°C, 1h) decomposes to a nucleotide and amino acid
derivative. The tyrosine analogue in these conditions is stable.

The different behaviour of these compounds in the alkaline mediurn 1is
consistent with the different mechanism of their decomposition. It was shown
earlierl"‘, that nucleotidyl-(5'—0)-M-Chz-amino-f-hydroxy acid esters
decompose in alkali by the f-elimination mechanism which is impossible in
the case of tyrosing analogue. Hydrolysis of N-Bz- Tyr(OEt)}-pT may proceed
analogously as in the case of aryl diesters of phosphoric acid 15,
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TABLE 3: Hydrolytic stability of nucleotidyl-(5'—»Q)- and oligonucleotidyl-
(P;~O)-serine and tyrosine derivatives (37°C, 1h)

Products of hydrolysis (pT or TpTY %
Compound  ["" " NA0H | 0.5N NaOH | IN NaGH | 1N HC!

N‘CbZ'Ser (OME )'pT 28 28 32 0
N-Bz-Tyr(OEt)-pT 0 0 0 0
N-Chz-Ser(COMe)- 53 75 93 0
-(Py-» O)»(TpT)

N-Be-Tyr(QEY)- 25 87 40 0

-(B > Q)-(TpT) N Lo

It may be corcluded that the tyrosine derivative of thyruidylic acid is
stable under strong acidic and alkaline conditions (1IN HCL, IN NaOH, 37°C,
1) (TABLE 3). Under very strong alkaline conditions (1IN NaOH, 2h, 75°C)
%3% of N-Bz-Tyr(OEt}-pT decomposes to thymidylic acid.  The
phosphotriester derivatives N-Cbz-Ser(OMe)-(P;~03)-(TpT) and N-Be-
Tyr(QEL)-(P;=0)-(TpT) are also stable in acidic medium but in alkali they
are much more unstable than phosphodiester analogues {TABLE 3). While
N-Bz-Tyr{OEt)}-pT in IN NaOH (37°C, 1h) is stable, 90% of M-Be-
Tyr(OEL)-(P;»0)-({TpT) decomposes under these conditions. In a strong
alkaline medium there is no difference between the hydrolytic stability of
serina (111} and tyrosine (IV) analoguss. It should be merntioned that inthe
case of the serine derivative (I11) only the bond between serine and TpT in
aikaline medium {0.5N NaOH, 37°C, 1h) is splitted of. In the case of N-Bz-
T (QEL)-(P;=C) (TpT) the linkage between the hydroxy group of tyrosine
and dimuclecside phosphate decomposes mainly toe Only a little cleavage (3-
5% ) of internuclectide bonds was obtained (0.5N, IN NaCH, 37°C, ih). The
triesteric analogue of serine N-Chz-Ser(OMe)-(P;=»O)-(TpT) hwdrolyzes to
TpT (20%) even in mild reutral conditions (pH 7, 3h, 37°C). N-Bz-
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Tyr(OEL)-(P;>QC)-(TpT) is stable in these conditions. One of the explanations
concerning the lability of the serine triesteric derivative N-Cbz-Ser(CMe)-
(P;»0)-(TpT) is the ability of this compound to undergo - elimination
pasily, as inl4,

In some investigations 10% piperidine in water was used as a reagent for
determining the phosphoester linkage between nucleic acid and protein‘*: 16
We have found that the 50% piperidine in water (73°C, 2h) does not cleave
the phosphoester bond in N-Bz- Tyr(QEt)-pT and N-Bz-Tyr(QEL)-(P,=0Q)-
(TpT)

It may be concluded that tyrosine analogues of TpT are stable in acidic
medium, piperidine,and they decompose in alkaline medium more easily than
their diester analogues.

Phosphodiesterases are often used for the determination of the prasence of
phosphodiester linkages in naturally occuring nucleotide-peptides®: 3. It has
previouslyl‘* been found, that nuclectidyl-(5'-»O)-amino acids were degra-
dated by snake wenom phosphodiesterase In our experiments N-Che-
Ser(OMe)-pT and N-Bz-Tyr(OEt)-pT were hydrolyzed by snake venom
phosphodiesterase (65% and 50% of muclsotide was obtained respectively in
conditions where TpT was hydrolyzed completely, 37°C, 3h). Having in
mind that snake venom and spleen phosphodiesterases are often used to
determine the type of bond between nucleic acid and protein in nucleotide-
peptides, it was important to find out whether commercial preparations of
these enzymes had impurities of phosphotriesterases.

The problem 1s that synthetic oligonucleotide-peptides (III, IV) are
inscluble in water. Before experimenting with phosphodiesterases we
performed a numbser of testing experiments and found conditions in which
enzymes fully decompose their natural substrate TpT with organic solvents in
the reaction medium. It was detected, that 85%,15% and 100% of TpT was
decomposed with snake venom phosphodiesterase (3h, 37°C) in ethanol-water
(I'1), dioxans-water (1:1) and in dimethylsulphoxide-water (1:10)
respectively. Spleen phosphodiesterase is inactive in ethanol and dioxane, and
splits TpT completely only in dimethylsulphoxide-water (1 @ 10) (3h, 37°C).
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So, the hydrolysis of oligonucleotide-peptides was carried out in the mixture
of dimethylsulphoxide-water (1:10). it was determined, that N-Bez-
Tyr(OEt)-(P;-»O)-(TpT) is stable to the action of snake venom and spleen
phosphodiesterases. During the reaction of N-Chz-Ser(OMe)-(P~>0O)-(TpT)
with snake venom and spleen phosphodiesterases, small quantities (~20%) of
nucleotide and nucleoside were found in the reaction mixture. But it has been
shown that N-Cbz-Ser ({OMe)-(P;—»C}-(TpT) decomposes a little in such con-
ditions without any enzymes to TpT, which 15 cleaved by phosphodiesterases
to nucleotide and nucleoside.

It may be concluded that neither snake venom phosphodiesterase nor
spleen phosphodiesterase split phosphoiriester type oligonucleotide-peptides.

Experimental

“The following reagents were used: thymidine, TPS, triethylamine {Merck,
Germany), snake venom and spleen phosphodiesterases (Worthington USA),
1-N-methylimidazole, Cbz-Ser-OMe, N-Bz-Tyr-OEt (Fluka Switzeriand),
silica gel (Pharmacia, Sweden). !H NMR spectra were recorded on a
spectrometer WM-360 (Brucker). Tetramethylsilane was user as an internal
standart and cited chemical shifts (§) are given in ppm downfield to this
standart. UV - VIS specira were obtained on DU-30 {Beckman, USA)
spactrophotomstar. For flash column chromatography Kieselgel 60 (Merck,
Germany) was used. Silica gel TLC was carried out on Kieselgel 60 254
(Merck, Germany) plates, using solvent systemns: A - chloroforrn - ethanol {1
1, ¥i¥), B - chloroform - ethyl acetate - ethanol (75: 25 : 2, ¥/¥). Paper
chromatography was performed on FN- | and FN-14 papers (Filtrak,
Germany) (the paper was washed with 2N HCl and water before use, until
neutral pH was ohtained) The following solvant systerns were used: C - 2-
propyl alcohol - conc. NH,OH - water (7 : 1 : 2, VIV), D - tert. butyl alcohol
- water (7 : 3, ViV). HPLC analysis was carried out on an Ultrasphere QDS
column (Beckman,USA) (4.6 * 250 mm), rate of elution ! ml/min. Pyridine,
acetonitrile were dried. by reflwang ower CaH,, distilled and stored over
CaH,. Chloroform, ethyl acetate, ethanc! were dried with MgSO, and
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redistilled. TpT was synthesized according ol7, N- Chz-SerfOMe) pT -
anr:t:t::r'tzlu'xgtm)14

The structure of compounds (III-VI) was partly proved by determining
the ratio of base to phosphorus and to amine acid after complete acid
hydrolysis 4.

Cbz-Ser-OMe (0.5 mmol) was d1ssolved in Sml of armydrous pyridine and
dried by evaporation with anhydrous pyridine (5 * 5 ml). The residue was
dissolved in 0.5 ml of acetonitrile, TPS (0.4 mmol, 130 mg) and immediately
1-N-methylimidazole (0.4 mmol, 32 pl} and triethylamine (0.4 mmol, 28 pl)
were added. The reaction mixture was allowed to stand for 0.5h at room
temperature, the reaction was quenched with a mixture of pyridine - water (1
1) {2 ml)and the solvent was removed under reduced pressure; chioroform
was added and it was dried by evaporation (3 * 10 ml). The resulting oil was
dissolved in 0.5 ml of chloroform and purified by flash column
chromatography onsilica gel (2.5 * 7 cm). Elution with the gradient of

ethanol in chloroform (0- 20%) (200 ml) gave an impure product N-Cbz-
Ser(OMe)-(P,»0O)-(TrTpT) which was rechromatographed, using first
chioroform (100 ml) and then the gradient of ethanol in chioroform (0-
20%) (200 mi). Evaporation of appropriate fractions produced a yellow oil.
It was dissolved in 0.3 mil of chloroform, and 0.5 ml of 10% trichloroacetic
acid was added. After 10 nun, the reaction ruxture was transferred to an
analogous stlica gel column and chromatography was repeated under the
same conditions. 0.048 mmol of N-Chz-Ser(OMe)-(P;—C)-(TpT) as a dias-
tereomeric mixture was obtained in yield 48%. Some characteristics and

proof of the structure of compound (III) are given in TABLE | and TABLE
2

'HNMR (DMSC) & ppr: 8.6 (d 1H, NH,); 7.82 (8 1H, H-6), 7.62 (S 1H,
H-6);7.31-74(mSH, C H,); 6.13 (t 1H, H-1"); 6.2 (¢t IH, H-1'); 4.1-46 (m
8H, H-3', H-4', H-5"); 3.6 {3 3H, CH,); 2.08 (8 3H, H-CH,, Thy); 2.1 (8 3H,
H-CH,, Thy); 2.35-2.45 {m2H, H-2'}, 5 (8 1H, C,H); 5.1 (S2H, CH, B).

N-Bz-Tyr(QEt)-(P;~»Q)-{TrTpT). This nucleotide-peptide was obtainsd
analogously as N-Cbz--Ser-(OMe)-(P,~»O)-(TrTpT). After chromatography
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on the silica gel column two fractions were obtained with similar
characteristics (Ry in solvent systems C and D and Upy  wers identical)
Corplete acidic hydrolysis (6N HCl, 105°C, 24h) indicated that the product
of Il fraction contains no tyrosine and obwicusly may be a symmstric
pyrophosphate of TrTpT. N-Bz-Tyr(QE)-(P;—>0)-(TpT) (1Y) was obtained
in 32% yield after detritylation and rechromatography of compound (I1) first
fraction.

Some characteristics and proof of the strucuwe vi conpvw (Y ) we
givenin TABLE | and TABLE 2.

1HNMR (DMSO) § ppm 8.78 (d 1H, NH,); 7.82 (S 1H, H-6); 7.62 (S 1H,
H-6), 7.15 (d 2H, H-3, H-5, C H, ); 7 05 (4 2H, H-2, H-6, CsH ), 73-74(m
SHC Hg), 3.82 (t, 3H, CH, ), 4.1-4.6 (m 8H, H-3', H-4', H-3'); 2.08 (8 3H,
H-CH;, Thy); 2.1 (8 3H, H-CH,, Thy); 2 35-245 (m2H, H-2").

N-Bz-Tyr(QEt)-pT: Tri-n-octylammonium salt of thyrmidine-5'-phos-
phate (0.1 ramol, 32 mg) and N-Bz-Tyr-OEt (0.5 mraol, 160 mg) were
dissolved 1n 2 ml of anhydrous pyridine and dried by evaporation with
anhydrous pyridine (5 * 5 ml). The residue was dissolved in | ml of pyridine
and TPS (0.3 mmol, 7 mg) was added. The reaction mixture was allowed to
stard at roomn temperature for 3h, quenched with mixture of pyridine - water
(1:3). This solution was placed on the column (1.5 * 16 em) with DEAF -
cellulose, 200 ml of 0.02 M triethylarnmonium bicarbonate buffer {TEADB),
pH 7.5 and a gradient elution with 400 ml of 0.02 M - 0.2 M TEAR buffer
was wsed for chromatography. The rate of elution was 0.5 ml/min. The
impure fraction of N-Bz-Tyr(OEt)-pT was concentrated and subjected to
paper chromatography in solvent systern D. The band with Rf 0.88 was eluted
with water. N-Bz2-Tyr(OEt)-pT (0.011 mmol) was obtained 1n 11% yield.

Some characteristics of N-Bz2-Tyr(OEt)-pT are givenin TABLE 2.

1HNMR (DMSQ) § ppm 8.78 (d 1H, NH,); 7.7 (s 1H, H-6), 7.15 (4 2H,
H-3,H-5,C H, ), 7.05(d 2H, H-2, H-6, C,H, ), 7.3-74 (mSHC, H; ); 4.1-4.6
(m4H, H-3', H-4', H-5'); 3.82 (t, 3H, H-CH, ); 4.35 (SH, P-OH), 2.05 (s 3H,
H-CH,, Thy); 2.45 (mH, B-2').

Investigation of the stability of symthesized compounds : 20 ! acidic or
alkaline solution were added to 20 pl {0.2 umol) of investigated compounds
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in dioxane, and the reaction mixture was incubated at an appropriate tempe-
rature. It was then subjected to paper chromatography in solvent system D,
and aliquots (2 ul) were taken for analysis on HPLC (Ultrasphere ODS
column).

The hydrolysis of oligonuclectide-peptides with snake venom and spleen
phosphodiesterases: 0.2 pmol of investigated compounds was dissolved in 10
ul of an approgpriate rmxture of solvents (water, water - dioxane {1 : 1, VIV,
water - ethanol (1 : 1, V/V), water - dimethylsulphoxide (10 : 1, VIV)), and
20l of solution of snake wenom phosphodiesterase (0.2 mg of enzyme
dissolved in 0.5 ml of 0.03 M Tris-HCI, pH 8.1 with 0.06 M MgCl, ) or 20 pl
solution of spleen phosphodiesterase (0.4 mg of enzyme was dissolved in 2
ml of 8.4 M Tris-HC1 buffer, pH 7) were added. The reaction mixture was
incubated at 37°C for 3h, and the products were identified by paper
chromatography and HPLC analysis.
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