This article was downloaded by:

On: 27 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids

MICIEOS.idES} Publication details, including instructions for authors and subscription information:
Niucleotides http://www.informaworld.com/smpp/title~content=t713597286

Phosphate-Modified Oligonucleotides. The Synthesis, Stereochemistry and
ECO Ri Endonuclease Substrate Ability of Decanucleotides
d[GGGAATTCCC] Bearing Altered Internucleotide Phosphate Function
Between A and A'

Maria Koziolkiewicz®; Bogdan Uznanski* Wojciech J. Stec®
* Department of Bioorganic Chemistry, Polish Academy of Sciences, Centre of Molecular and
Macromolecular Studies, Lodz, Boczna 5, Poland

s Ecbiow
JOHN A STYETI

WOLLUME 24 MNUMBER 4 i)

To cite this Article Koziolkiewicz, Maria , Uznanski, Bogdan and Stec, Wojciech ].(1989) "Phosphate-Modified
Oligonucleotides. The Synthesis, Stereochemistry and ECO Ri Endonuclease Substrate Ability of Decanucleotides
d[GGGAATTCCC] Bearing Altered Internucleotide Phosphate Function Between A and A", Nucleosides, Nucleotides
and Nucleic Acids, 8: 2, 185 — 200

To link to this Article: DOI: 10.1080/07328318908054167
URL: http://dx.doi.org/10.1080/07328318908054167

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iliable for any |oss,
actions, clainms, proceedings, demand or costs or danmages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328318908054167
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08:55 27 January 2011

Downl oaded At:

NUCLEOSIDES & NUCLEOTIDES, 8(2), 185-200 (1989)

PHOSPHATE-MODIF |ED OL IGONUCLEOTIDES. THE SYNTHESIS,
STEREOCHEMISTRY AND Eco R) ENDONUCLEASE SUBSTRATE ABILITY
OF DECANUCLEOTIDES d[GGGAATTOOC) BEARING ALTERED INTERNUCLEOT | DE
PHOSPHATE FUNCTION BETWEEN A AND A |

Maria KoziolKiewicz, Bogdan Uznanski, Wojciech J.Stec™

Polish Academy of Sciences, Centre of Molecular and Macromolecular
Studies, Department of Bioorganic Chemistry, 90-362 Lodz, Boczna 5,
Poland

Abstract: An interaction between Eco R/ endonuclease and decadeoxyribo-
nucleotide GGGAATTOCC is followed by means of oligonucleotide analogues
bearing modified internucleotide phosphate functions bridging both ade-
nesine resioues. wWhile an O-alkyl! group 3t thia phosphate, despite the
"s;ge" of DNA alkyiation, caompletely prevents DNA from hyarolysis, d
phosphorothiocate function replacing phosphate at the position between A
and A moieties controls the hydrolysis in temms of the absclute confi-
guration at phosphorus. The fact, that the Rp-isomer of d[GGGA(S)ATICCC)
possessing sulphur atom directed "inward™ DNA 18 hydrolyzed by Eco R/
endonuclease may indicate, that the pro-S oxygen at this particular
phosphate is invoilved in an interaction with magnesium ion, a necessary
factor for executive action of this endonuclease.

It is well established that Eco Rl endonuclease recognizes the ca-
nonical sequence 5’,..GAATTC...3’ of duplex DNA and in the presence of
magnesium cations cleaves the internucleotide bond between G and A leav-
ing the fragments ...G and PAATTC ...2 . The importance of the recogni-
tion sequence GAATTC and the influence of alteration of the bases within
this sequence (Eco RI™* activity) and in flanking positions on the sub-
strate selectivity of this enzyme have been also extensively studied in
a number of research establishments3:4. The concept of "alkylation in-
terference" introduced by Gilbert® and applied in studies on Eco RI
endonuclease by Modrich®, emphasized the participation of internucleo-
tide phosphates in interactions with this protein. It has been estab-
lished that phosphates in positions marked with triangles (Fig.1) are

involved in interactions with protein.

185
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The striking feature of these findings i3 the observation, that alky-
lation of the phosphate binding both adenosine moieties does not inter-
fere with DNA-protein interaction, which indicates that this particular
phosphate i8 not involved in the process of recognition or binding of
the protein. Although fundamental studies by Rosenberg et al.7T and Jen-
Jacobson et al/.8 increased tne understanding of the process of DNA-
Eco Rl interaction, these, |ike those of Modrich®, have been performed
in the absence of magnesium ions, an essential factor for the process of
DNA cleavage by this enzyme.

Being involved in the studies on the synthesis and stereochemistry
of phosphate-modified oligonucleotide analogues, we have obtained the
decamer d{GGGAATTOCC) (1) and two pairs of its analogues. One has an
ethylated phosphate function between adenosines d{GGGA (O) (OEL)ATTCCC)
(2) and the other one containg a phosphorothicate function in the  same
pogsition d[GGGA(S)ATTCCC) (3). Since the replacement of one of two non-
bridging oxygens at this particular phosphate with the ethoxy group (2)
or with suiphur (3) expresses the stereogenicity of the phosphorus atom,
diastereomeric species have been sSynthesized and the absolute configura-
tion has been elucidated for each individual diastereomer of 2 and 3.
The assignment of absolute configuration at the P-chiral atom in modi-
fied oligonucieotides allows one to establish the orientation of the al-
Kyl or sulphur substituent in the DNA molecule. The modified linkage in
B-DNA can have either an "inward" oriented alkyl (sulphur) substituent
(Rp configuration), which is directed toward the major groove, or an
"outward" oriented substituent (Sp configuration) which is directed to-
ward the solvent. The spatial orientation of the substituent modifying
the internucleotide bond may be important for DNA-Eco RI interactions
which have peen reported® 7 to occur in the major groove of DNA. Dia-
Stereomers 2 have to be considered as DNA analogues with a cancellied ne-

gative charge at the phosphate in question, while diastereomers of 3,
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although retaining the charge, due to the Known susceptibility of oxy-
gen to magnesium, possess a preselected "side" of interaction with the
metal ion. |11 was expected, that experiments on the substrate activity
of each diastereomer 2 or 3 for Eco RI endonuciease may clarify the
function of this particular phosphate in the process of cleavage of in-
ternucleotide bond between G and A ("3scissile bond") catalyzed by this
enzyme,

EXPER IMENTAL
Synthesis of base-protected 5’-DMT-2-0eoxyribonucieoside
3’-(0-2-cyanoethy ! -N,N-di i sopropy!) phosphorami di tes
The synthesis of these compounds was performed as described pre-
viously?

Synthesis of 5*-DMT-N -benzoyl-2*-deoxyadenosine 3’-(0-ethyl-
-N, N-ai i sopropy | ) phosphoramidi te
This reagent was synthesized according to our procedure presented

previousiy'C, 1ts analysis was performed by means of El-mass spectromet-
ry and 3'P-NMR. EI-MS detected the following fragment-ions: m/z, 303
(DMT), 240(ANBZ +2H), 105(Bz). 3'P-NMR chemical shifts obtained for this
compound were as follows: (ppm, in CHxClp with 10X v/v CgDg, 854 H3PO,
as an external standard) 153.1, 152.8, 47:53.

Synthesis of 3°-0-(2’-deoxyadenosyl!)-5’-0~ (2" -deoxyadenosyl)-0O-

ethyl phosphate d[A(O) (CEt)A] (4) and the separation of dia-

stereomers

5’ ~HO-dAMBZ pound to LCA CPG (Vega, 1 pmol) was treated!! on a com-

mercially available Applied Biosystems Inc. column with a 220 pl aceto-
nitriie solution of 5’-DMT-dANBZ 3’ - (0-ethy!-N,N-di i sopropy)phosphor-
amidite (17 mg, 20 pmol) and 1H-tetrazole (4.2 mg, 60 pmol) for 3 min.
After oxidation [0.1M iodine solution in 2,6-lutidine/water/THF (10:1:
40 wv/v/v) 1 ml, 1 min) and detritylation [CHCIo000H/CHCIp (3:97 v/Vv)
2ml, 1 min.) steps, the cleavage of the synthesized dinucleotide from
the support was carried out by treatment with 254 aq. NH;0H for 2h at
259C. Deprotection of the bases was achieved by additional treatment
with @25Zaq. NH4OH for 4Bh at 25°C, Purification and separation of
d[A(O) (OET)A) into its diastereomers was performed by means of HPLC on a
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ODS-Hypersil column (30 cm x 4.6 nm) under isocratic conditions, CHzCN-
H 0 (12:88), flow-rate of 1.5 mi/min. Diastereomer "fast"-4 was eluted
at 8.6 min. and its countérpart "slow"-4 was eluted at 9.6 min.

Synthesis of 3’-0-(2°-deoxyadenosyl)-5’-0~ (2’ ~deoxyadenosyl)-0-

ethyl phosphorothioate d[A(S) (OEt)A] (5) and the separation of

diastereomers

The synthesis of this compound was performed as described above for

4 with the foliowing modification: regular oxidation by means of O.1M
iodine solution in 2,6-lutidine/water/THF (10:1:40) was replaced by
treatment of the intermediate phosphite triester with a saturated solu-
tion of elemental sulphur in lutidine (1 mi, 16h, 25°C). After washing
of the colum content with pyridine (5 mi) and CHzCN (3 m)) 5°-DMT
d{A({S) (OE1)A} was cleaved from the support by treatment of the column
contents with 257% aq.NH4OH for 2h at 26°C. Additional treatment of the
liberated S’-DMT 5 with 25Z aq.NH40H (for 48h at 25°C) was used to de-
protect the bases. Separation into diastereomers of 5’-DMT d[A(S) (OET1)A]
was achieved on an ODS-Hypersil column under isocratic conditions,
CHIzCN-H O  (42:58), flow-rate of 1.5 mi/min. The "fast"-isomer of the
5’-DMT derivative of d[A(S) (CEt1)A] was eluted at 7.0 min, while the
»glow”-isomer was eluted at 9.3 min, The detritylation was achieved by
treatment of each diastereomer of 5'-DMT d[A(S) (OET)A] with a solution
Of CH3CN/HZO/CH3COOH (30:40:30) (1 mi, 1th, 25°C). After detritylation
the solutions of each diastereomer were evaporated and the residues were
purified on an ODS-Hypersil column with 20/ ag.CHzCN. Under these condi-
tions both diastereomers of d[A(S) (CEt)A) (5) were eluted at  6.75 min
giving "fast"-derived 5 and "siow" -derived 5.

Conversion of d[A(S) (CEt)A] () into 3’-O-(2’-deoxyadenosyl)-
-57-0-(2°-deoxyadenosyl) phosphorothioate d[A(S)A] (6)

To a solution of each individual diastereomer of A[A(S) (OEL)A] (1
Apgo unit of substrate dissolived in 100 p} CH3CN) a mixture of PhSH/
Et3N/dioxane (1:2:2 v/v, 100 pl) was added and the reaction mixture was
kept at 50°C for 6h. Then 200 pl of a 0.8 M aqueous solution of CHzOOOH
was added and the mixture was extracted with CHaClp (3x1 ml). The aque-
ous layer was evaporated, and the resulting residue was dissolved in a
solution of CHaCN-HXO (1:1 v/v), and analyzed by means of HPLC on an
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ODS-Hypersil column with the linear gradient 0-30% CH3CN aq., {//min at
a flow-rate of 1.5 mi/min. Under these conditions "fast"-derived 5 gave
"glow"-eluted d[A(S)A] (6) (9.2 min), and "slow"-derived 5 was converted
to "fast“-eluted d{A({S)A) (B.0 min). Products of dealkylation witlh PhS~
were indentified by co-injection with genuine samples of d[A(S)A]‘a.

Conversion of dfA(S) (CEt)A] (5) into d[A(O) (CET)A] (4)

To a solution of each diastereomer of 5 [1 Apgg Unit of substrate
dissolved in 100 wl of CHzCN-Hz0 (1:1)] 10 pl of 30% HOp was added.
After 48h at room temperature the reaction mixture was analyzed by means
of HPLC using the conditions described above for the separation of 4.
HPLC analysis proved the conversion of "fast"-derived 5 and "siow"-
derived 5 to "fast"-eluted and "slow"-eluted d[A(O) (OE1)A) (4), respec-
tively. The products of oxidation of d[A(S) (CET)A] with Hx0p were iden-
tified by co-injection with genuine sample of d{A(O) (OE1)A].

Synthesis of diastereomers of d[GGGA(0) (OET)ATTCCC] (&)

The synthesis was carried out under conditions of the standard pro-
tocol!! using protected 2’-deoxynucieoside 3’-(O-2-cyanoethy!-N,N-diiso-
propyl)phosphoramidites with one exception: in the cycle following the
formation of intéernuclieotide O-(2-cyancethyl)phosphate between A and T,
the regular 5‘-DMT dadeMBZ 3. [P(OCHaCHpCN) (N/-Prp)] reagent was repla-
ced by 5’-DMT dAdeMNBZ 37 [P(OCoHg) (N/-Prp)19. After a standard work-up,
the 5’-DMT derivative of decanucleotide & was obtained, and its further
purification was performed by means of HPLC on Waters pBondapak Cyg co-
lumn (30 cmx7.8 mm) with the gradient 5-30/ CH3CN-O. 1M triethy)ammonium
bicarbonate (TEAB), pH 7.4 (exp.0.25) for 20 min, followed by isocratic
separation, at a flow-rate of 3.5 mi/min. Under these conditions, the
separation of 5'-DMT d[GGGA(O) (OET)ATTCCC] into its diastiereomers was
achieved: "fast"-DMT 2 was eluted at 18.5 min and "slow"-DMT 2 was elu-
ted at 20.0 min. Separated diastereomers were detritylated [by treatment
with 207 aqueous solution of CHzCOOH (20 min, 25°C)), and then repea-
tedly purified on pBondapak Cyjg column with the linear gradient 5-30%
CH3CN-O, 1M TEAB, pPH 7.4, 1.254%/min at a fiow-rate of 3.5 mi/min. it ap-
peared that "fast"-DMT 2 gave "siow"-2 (retention time 11,0 min) and
from "siow"-DMT 2 "fast"-2 (retention time 16.5 min) was obtained. Both
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"fast"-DMT 2 and "slow"-DMT 2 contained ca.15% of decamer DMT-1* , which
was inseparable during the chromatography of 5°-DMT derivatives., Com~
pound 3 was separated from ihe diastereomers of 2 after the detrityla-
tion step by means of HPLC.

Synthesis and separation of diastereomers of the decamer
d{GGGA(S)ATTCCC] (3)

A 0.5 unol sScale synthesis was performed analogously as was descri-
bed for decamer d[GGGA(O) (OEL)ATTCCC]. However, during the cycle, for
addition of the second dA residue with the use of 2’-deoxyadenosyl 3’'-
(O-ethy1-N,N-di i sopropyl)phosphoramidite, the capping step was followed
by suiphuration with a saturated solution of elemental suiphur in 2,6~
lutidine (1 ml, 16h, 25°C). After washing of the column with pyridine
(5 ml) and CH3ON (3 ml) the regular synthesis was continued. Standard
cleavage from the support, and base-deprotection, gave the decamer
d[GGGA (S) (CET)ATTCCC) which was analyzed by means of HPLC as the 5’-DMT
derivative, as described above for 5°-DMT d[GGGA(O) (CEL)ATTCCC] (2).
Partially separated diastereomers were detrityliated (204 aq. CHzOOOH,
20 min) and once more apptied to the pBondapak Cyg column. Under the
conditions described above for the HPLC analysis of 5°-HO & complete
separation of d[GGGA (S) (OE1)ATTCCC) diastereomers (7) was achieved:
"fast"-7 (from "sliow"-DMT-7) was eluted at 12.4 min and "slow"-7 (from
"fast"-DMT-7) was eluted at 12.8 min, Dealkylation of each diastereomer
of 7 was carried out with concentrated ammonia (0.5 mi of 257 aq.NH4OH,
48h, 55°C) and 957 removal of the ethy! group was achieved, Extention of
the time of ammoniolysis to 60h gave complete dealKyiation of the sub-
strate. The HPLC analysis, performed under conditions described for
preparation of the 5’'-HO derivative of 7, allowed us to obtain "fast"-
derived 3 and "slow"-derived 3 (retention time 8.8 min).

Tm measurements
About 0.5-0.7 Apgg unit of 1 and of each diastereomer of 2 and 3 we-
re separately dissolved in the buffer containing 10 mM Tris-Cl (pH 7.6),

* Formed during the alkaline deprotection of nucleobase amino groups by

means of 254 aq. NHZ0H.



08:55 27 January 2011

Downl oaded At:

PHOSPHATE-MODIFIED OLIGONUCLEOTIDES 191

TABLE 1. Ty, values for decanucleotides 1, 2 and 3

compound no. Tm (°C)
3 ' 47.0
nfast"—2 46.5
"31ow"-2 39.5
"fast"-derived 3 47.0
“slow"-derived 3 46.5

80 mM NaCi and 20 mM MgClp (1 mi). The melting temperature (Tp) was mea-
sured spectrofotometrically using a Specord M40 (Carli-Zeiss, Jena) at

Amax=258 nm. The Ty, values for decamer )} and it3 analogues 2 and 3 are
presented in Table 1,

Enzymatic digestions of d{GGGA(Q) (OEL)ATTCCC] (2)

Each diastereomer of 2 (0.25 Apgg Unit) was independently dissolved
in 200 p! of the buffer containing 0.1M Tris-Ci (pH 8.5) an.d 15 mM MgC\a
and incubated with snake venom phosphodiesterase (SYPDE) (10 pg) for
12h, and then with alkaline phosphatase (AP) (1 pg) for 1h at 37°C.
After the heat-denaturation of the digestion mixture, HPLC analysis on
ODS-Hypersil column was performed. Undigested dinucleoside O-ethyl
phosphate d[A(O) (OEt)A) was isolated and compared by co-injection with a
genuine sample of this compound of Known absolute configuration at the
P-atom. The digest of "fast"-2 (obtained from "siow"-DMT 2) contained
the "slow"-eiuted. isomer of d[A(O) (OEt)A) (4) of Sp absolute configura-
tion, while in the digest of the "siow"-2 (obtained from "fast"-DMT 2)
the "fast"-eluted isomer of 4 (Rp configuration) was present.

Enzymatic digestion of the diastereamers of d{GGGA(SIATTXXC] (J)
Each diastereomer of 3 (0.25 Apgp Unit) was separately dissolved in
200 pl) of the appropriate buffer for SVPDE and the digestion was carried
out as described above. Independently, the digestion of each diastereo-
mer was carried out with nuclease P1. About 0.25 Asgs uUnit of the oligo-
mer dissalved in 200 pl of the buffer containing O0.1M Tris-Cl (pH 7.2)
and 1mM ZnCl, was incubated with nuclease P1 (1 pg) for 12h at 37°C and
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then with alkaline phosphatase for ih at 37°C. The heat-denaturated di-
gestion mixtures were analyzed on an ODS-Hypersi} column with a )inear
gradient 0-304 CH30N-HaO. 1.07/min at a flow-rate of 1.5 mi/min. Un-
digested isomers of d[A(S)A] were compared by co-injection with a
genuine sample of d[A(S)A)} of Known absolute configuration, and by this
means the absolute configuration at the P-atom in these oligomers was
assigned. "Fast"-derived 3 contained the "fast" isomer of Jd{A(S)A) of Rp
configuration, while “sStow"-derived 3 contained the "slow" isomer of
afA(S)A) of Sp absolute configuration.

Digestian of oligomers with £oo Rl endonuclease

About 0.5 Aggo Unit (3 Nmol ) of 1, 2 or 3 was dissolved in 400 pl
of the buffer containing 10 mM Tris-Cl (pH 7.6), 80 mM NaCl and 20 mM
MgClo. To this solution 10 pl aliquot of Eco Rl endonuclease solution
(purchased from Bethesda Research Laboratories) was added (100 units,
0.2 pg of the protein, 3 pmo} of the protein in its dimer form). The 50
Pl  aliquots of the digestion mixture were removed periodically, heat-
denaturated and analyzed on a pBondapak Cyg column with a linear
gradient 5-20Z CHzCN - 0.1M TEAB (pH 7.4) 1//min at a flow-rate of 3.5
ml/min under conditions allowing quantitation. {n all analyzed incuba-
tion mixtures one of two possible products was identified, namely tri-
nucteotide d{GGG}. Elution times for the undigested substrates and the

products were as follows:

d[GBGAATTCCC) (1) ———— d[GGG) + d [PAATTOCC)
(10.0 min) (6.1 min) (9.7 min)

d{GGGA (0) (OEL)ATTCCC] (2) ("fast"), ("slow") — > no products
(10.5 min) (41.0 min)

(RP) -d{GGGA (S)ATTCCC] (3) — d[GGG) + d[PA (S)ATTCCC)
(10.3 min) (8.1 min) (10.3 min)

(Sp) -d[GGGA (S)ATTCCC] (3) — ™ no products
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RESULTS AND DISCUSSION

Synthesis of oligodeoxyribonucleotides bearing intemucleotide
O-ethyl phasphate or O-ethyl! phosphorothioate function

our approach to the synthesis of oligonucieotides containing an es-
terified internucleotide bond at a preselected position is based on the
modification of the phosphoramidite method developed by Caruthers
et a/.13, For the synthesis of oligonucieotide bound via the 3‘-oxygen
of the "primer" nucleoside to a solid support we have used base-protec—
ted nucleoside 3’-(0-2-cyanoethyi-N,N-diisopropyl) Pﬁ"K)SFM’K)l"anidites9 and
their 3‘-(0-ethyl-N,N-diisopropy!)phosphoramidite analogues!O. 1+ tne
oxidation of the internucleotide O-ethyl phosphite function, wusually
performed by means of iodine in a lutidine/ water/THF (10:1:40) mixture,
is replaced by sulphuration (0.4 M solution of elemental sulphur in 2,6-
lutigdine), then oligonucleotides bearing O-ethy! phosphorothicate func-
tions at preselected positions are available. Cleavage from the solid
support, removal of the 2-cyanoethyl phosphate protective groups, and
base deprotection is achieved by treatment of the oligonucleotide bound
10 the support with 25% NH4OH for 48h at 25°C. However, O-dealkylation
(ca.15%) was also observed. This undesired dealKylation was avoided when
the time of ammoniolysis was shortened to 24h, With the presented modi-
fications (vide supra) we were able to get decamers 5’-DMT-d[GGGA (O)
(OEt)}ATTCCC] and 5’ -DMT- d[GGGA(S) (OEt}ATTCCC). Each product was isola-
ted and separated into diastereomeric species by means of the RP-HPLC
technique (see Experimental). The separation of the diastereomers of
57 -HO-d[GGGA (S) (OEL)ATTCCC] allowed us to convert each diastereomer of
this compound into pure diastereomers of 5’-HO-d{GGGA(S)ATTCCC) by tre-
atment with 257 NH40H at 55°C for 60h. Since the mixture of diastereo-
mers of 3 appeared inseparable under RP-HPLC conditions!2, the approach
presented in this paper offers a new way to prepare the djastereomers
of the phosphorothioate analogues of oligonucleotides, It should be
Pointed out that the conversion d{GGGA(S) (OEt)ATTCCC)— d[GGGA(S)ATTC
CC] is also possible by means of PhSH/EtzN/dioxane (50°C, 6nh), but under
these conditions dealkylation is not complete and there is the formation
of some side products resulting from DNA chain c¢leavage. For the reasons
presented below, we have aiso synthesized and separated into individual
diastereomers the modified dinucieotides (4) and (9). Individual dia-
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stereomers of compound 5 were dealkylated by means of PhSH/Et3N/dioxane,
and, in this way, diastereomers of d[A(S)A] were obtained!2,

Assignment of absolute configuration at the stereogenic phospho-
rus atam in d[A(O) (OET)A] (4) and d[A(S) (OET)A] (5)

The stereochemical correlation for the assignment of the absolute
configuration at the P-chiral centres in d{A(O) (OEt)A) and d[A(S) (OEL)A)
is presented in Scheme 1. In this correlation, each diastereomer of
dI[A(S) (OET)A) is independently converted into d{A(O) (CEt)A)} and into
Qd[A(S)A]. The conversion 5—»=4 was achieved by stereospecific oxidation
USing 3% HpOp in CHION-HO (1:1) at 25°C for 48h. Under these conditions
50-607% of the substrate 5 is oxidized to 4. independentiy, each diaste-
reomer of d[A(S) (OEt)A) was exposed to the action of thiophenol/Et3N/
dioxane solution (1:2:2) at 50°C for 6h'2, This procedure allowed us to
obtain the individual diastereomers of d[A(S)A}, of known absolute con-
figuration on the basis of their resistance and susceptibility to the
action of SVPDE and nuclease P1. The (Rp) ~isomer of d{A(S)A] (and other
dinucleoside phosphorothioates) is resistant to the action of nuclease
P1, while the (Sp)-isomer is resistant to the action of svyPpE14: 15,
Since both reactions, PS-PO conversion!O:1® and phosphotriester
dealkylation by means of PhSH/EtzN 7, are known to proceed with reten-
tion of configuration at the phosphorus atom, it was possible to corre-
late, by HPLC, the absolute configurations at phosphorus in 4 and 5
with those of each diastereomer of d[A(S)A).

Absolute configuration assignment in d[GGGA(O) (CET)ATTCCC)

The assignment of the absolute configurations at the stereogenic P-
atom centres in "fast"- and "slow”-eluted diastereomers of d[GGGA (0)
(CEL)ATTCCC) (2) was performed after tandem SVPDE and aikaline phos-
phatase digestion of each diastereomer of 2. Under the action of SVPDE,
only phosphodiester bonds were cleaved, and from the enzymic digest of
each diastereomer of 2, the corresponding "fast"- or "slow"-ejuted 4 was
recovered by means of RP-HPLC. Their identification was ascertained by
co-injection with a genuine samplie of 4 prepared independently.

d[666A(0) (CEV)ATTORC] —2VPEs  4(A(0) (GETIA] + 3G + 2T + 3C
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5/ -DMT d{GGGA(S) (OE1) ATTCCC) 5’ -DMT d[GGGA (S) (OEt)ATTCCC)
fast (Sp) siow (Rp)
5’ -HO Q[GGGA(S) (OEt)ATTCCC) 5'-HO  d[GGGA(S) (OEt)ATTCCC)
Slow (Sp) fast (Rp)
A[GGGA (5) ATTOCC) A[GGGA (8) ATTCCC)
slow-derived 3 (Sp) fast-derived 3 (Rp)
d{A(S)A) d{A(S)A]
Sp (slow) Rp (fast)
SCHEME 2.

Thus, from the enzymic digest of the “fast"-2 diastereomer Sp ("slow")
-4 was isolated, while Rp ("fast")-4 was obtained from the digest of
"slow"-2, It is evident that the absolute configuration at phosphorus in
"siow"-eluted 2 is Rp, while "fast"-eluted 2 has the Sp configuration.

Absolute configuration assignment at P-atom centre in
A{GGGA (S)ATTCCC] (3)

The assignments of the absolute configurations at the stereogenic
phosphorus atoms in the diastereomers of 3, were performed after deaiky-
lation of 5’-HO-7 (see Experimental). Attemptled degradation of €ach dia-
stereomer of 3 by means of SVPDE and, independently, with nuclease P1,
foliowed by alkaline phosphatase allowed us to assign the Rp configura-
tion for "fasi"-derived 3 and the Sp configuration for "slow"- derived
3. respectively (see Scheme 2).

Experiments with Eco RI endonuclease
Incubations of decamer d[GGGAATTCCC) (1) and its O-ethyl ester (2)
and phosphorothioate (3) analogues with Eco Rl endonuclease were perfor-
med at 18°C i.e. 20-30°C below the meliting temperature for these dup-
lexes in the incubation buffer, Therefore, it was expected, that
under the experimental conditions employed, the modified oligomers 2 and
3 exist in duplex form'?. incubation of unmodified decamer 1 with the
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enzyme for 24h resulted in the complete digestion of the substrate, and
the formation of fragrents d{GGG) and d[PAATTCCC]). The hydrolysis of the
Rp isomer of 3 with Eco Rl endonuclease, performed under identical con-
ditions, resuited in 307 digestion of the substrate to d{GGG) and
d[pA(S)ATTCCC), while the Sp isomer of d[GGGA(S)ATTCCC] was left intact
(no traces of d{GGG) were detected). The lower rate of the enzyme-cata-
lyzed hydrolysis of phosphorothiocate analogues of DNA and ol igonucleo-
tides has been observed earlier10/20, The two-fold increase in Eco RI
endonuciease concentration (from 200 units of the enzyme/1 Aggg unit of
the substrate to 400 units/1 Aggo unit) did not cause any observable
degradation of Sp-3. This result suggests that the presence of pro-S (in
terms of absolute configuration) oxygen attached to the negatively
charged internucleotide phosphate 1inking the two adenosine residues is
the critical structural requirement for Eco Rl endonuclease action. In-
cubations of both diastereomers of d[GGGA(Q) (OEL)ATTCCC) with Eco R
restrictase, under conditions where the unmodified decamer was comple-
tely digested, allowed us 1o determiné that neither of them was the Sub-
strate for this enzyme. Thus, the presence of the O-ethyl group at the
internucleotide linkage between A and A caused complete resistance of
the modified decamer to Eco RI endonuciease action.

In earlier studies it has been demonstrated that monophosphoro-
thioate analogues of DNA bearing the canonical sequence ...GAATTC... are
diastereoselectively digested by Eco Rl endonuclease if phosphorothioate
occupies preselected positions 218, 321 or 510,

61'6263A4A57T86T77Cc8Cc9¢

It has been also reported, that oligonucleotides with phosphorothioates
at positions 1,6,7 or 812 are substrates for Eco Ri endonucliease, jnde-
pendently of the sense of chirality at the phosphorus of the phosphoro-
thioate moiety. Remote control of the diastereoselectivity of Eco Rl
endonuciease towards DNA analogues bearing phosphorothioate at position
2 nas been confronted with the conclusion22 that the protection of DNA
by phosphorothioate against restrictases is effective only if the phos-
phorothioate replaces the "scissile" phosphate bond22, Results presented
in this report indicate that the remote control of the diastereoselec-
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tivity of the enzymatic process operates also if the phosphorothioate
replaces phosphate at the downstream position adjacent to the "scissile”
bond,

Ethylation of phosphates at positions 1,2,3 or 5! and, as shown in
this report, at position 4 (compound 2), effectively hampers the process
of cleavage of the internuclieotide phosphate at position 3. Ethylation
at positions 7 and B causes gramatic decrease of the rate of release of
the A[GGG) fragment without any diastereoselection, which has been ob-
served if the phosphate at position 6 is esterifiea!. Most probably,
auch dramatic effect of ethylation at phosphate 7 and 8 on E¢o Rl di-
gestion is caused by the influence of the esterified phosphates on the
trimer d[GGA] placed directly across the dsDNA. The possibility of such
interactions between DNA fragments which belong to different strands of
the duplex and the enzyme was suggested by Jen-JacobsonZ3, whether
"ethyl-protection” resulits from the effect of steric hinderance and
shielding of DNA from protein, or is due to conformational change of
DNA, restricting the formation of a DNA-protein "tight interface”, can-
not be definitely concluded. However, it is evident that the ethylation
of phosphate at position 4, independently on the "side" of ethylation,
protects the DNA from cleavage of phosphate at position 3 by Eco RI
restrictase. whether this protection is due to negative charge cancella-
tion, cannot be definitely said. The fact, that only the Rp diastereomer
of 3 retains substrate activity towards Eco R! endonuclease, supporis
the nypothesis that the charge at position 4 is essential, and that this
phosphate may be involved in the compiexation of magnesium cation, ne-
cessary for the cleavage of phosphate at position 3. In agreement with

Modrich’s datae. this particular phosphate may not be involved in direct
interaction with protein. If the charge within the phosphorothioatle

moiety is not symmetrically distributed between the O and S atoms24, on-
ly the (Rp)-diastereomer, bearing a charged oxygen directed outward of
the DNA, is able to interact with magnesium ion, and the ol igonucleo-
tide can achieve a conformation appropriate for the executive action of
the enzyme,

Results presented in this work may be considered as complementary
to earlier studies on "alkylation interference*®. oOur approach  demon-
atrates the usefulness of synthetic DNA analogues bearing phosphoro-

thioates or triester functions at preselected positions as tools for the
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further elucidation of the DNA-protein interactions fulfililing the re-
quirements of the presence of all components necessary for the executi-

ve enzyme action,
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