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More than twenty 13- to 55-membered oligo(poly)nucleotides have been synthe-
sized by the H-phosphonate solid-phase method in the manual variant using an
original procedure. From the oligonucleotides obtained, seven DNA duplexes
coding immunodominant epitopes of HIV-1 proteins have been formed: 598-609
and 737-748 gp4l, 91-115 and 105-115 gag, and 940-951 pol and a number of its
mutants. The ligase assembly and polymerization of the DNA duplexes obtained
has been carried out. The efficiency of ligation amounted to from 60 to 90Z.
The possibility of their directed polymerization was determined by the flank-
ing of the duplexes by partially completed half-sites of restrictases BamHI
and XholI.

The genetic-engineering construction of proteins with a given immunospecificity per-
mits not only the production of highly immunogenic drugs having practical value but also the
investigation at the molecular level of the dependence of the immune response on the primary
structures of individual sections of a protein [1-3]. One of the methodological approaches
to such construction consists in the introduction of synthetic oligonucleotides coding se-
lected immunodominant epitopes of the proteins under investigation into a definite part of
a carrier-protein gene [4]. In individual cases, the directed immune response caused by a
hybrid protein can be intensified by the multiplication of an epitope introduced into it {2,
5] which is achieved, in particular, by the polymerization of the duplexes coding the oligo-
nucleotides.

In the present paper we described the chemical-enzymatic synthesis of monomeric and
oligomeric variants of oligonucleotide duplexes coding sequential antigenic determinants of
HIV-1 proteins: LGIWGCSGKLIC (598—60S gp4l) [6, 7], GERDRDRSIRL (737-747 gp4l) [8, 9],
EEEQNKSKKKA (105-115 gag) and EALDKIEEEQNKSKKKA (99-115 gag) [10, 11] and VYYRDSRNPL (941-—
950 pol) [12] and a number of its mutants (Fig. 1). The primary structures of the oligonu-
cleotides synthesized are shown in Fig. 1.

In planning the syntheses, as a basis we selected codons used preferentially by E.
coli [13]. For introduction into plasmids containing the gene of the carrier protein, the
duplexes (see Fig. 1) were flanked by incomplete half-sites of restrictases BamHI and XhoI.
The use of such sticky ends in ligation prevents the appearance of inverted repeats, de-
termining the possibility of the directed polymerization of the duplexes. For the perfor-
mance of controlled polymerization it was proposed to use terminating oligonucleotides.
Since it is known that T4 DNA ligase can "link" oligo(poly)nucleotides while "ignoring"
mononucleotide deletions and noncomplementary units in the composition of the substrate
[14], in order to terminate polymerization it was necessary to modify both 5'-ends of the
duplex undergoing ligation. In the variant used here, the oligonucleotide terminating the
polymerization of the (+)-chain was deprived of the 5'-terminal nucleotide unit while, con-
versely, the terminator of the (—)-chain contained at its 5'-end an additional noncomple-

*Abbreviations adopted: HIV-1 — human immunodeficiency virus, type 1l; (+)-chain — the cod-
ing chain — and (—)-chain the chain complementary to the coding chain of the DNA duplex;
CPG — controlled-pore glass; PAAG — polyacrylamide gel; Py — pyridine.
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Fig. 1 (continued on p. 330).

mentary nucleotide, as proposed in [15]; thus, the polymerization of both chains was ex-
cluded. Before the inclusion of the monomeric or polymerized synthetic duplexes flanked by
polymerization terminators into the plasmid vector linearized by treatment with BamHI and
Xhol, the partial completion of its sticky ends was required.

Oligonucleotides (I)-(XXIV) (see Fig. 1) were synthesized by the solid-phase H-phospho-
nate method [16] in the manual variant in plastic microcolumns, the scales of synthesis
amounting to from 0.2 to 1.3 pmole and the yield at the condensation stage being 97-987%.
After deblocking, the oligonucleotides were isolated by preparative electrophoresis in 8-
207 PAAGs containing 7 M urea. The primary structures of the oligonucleotides were con-
firmed by Maxam-Gilbert sequencing [17] using the modifying conditions described in [18].
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Fig. 1. Primary structures of the DNA duplexes coding native
and modified sequences from HIV-1 proteins: gp4l (duplexes
A-D), gag (E, F, and G), and pol (H and I; and, with the de-
letion of Tyr®*3 — J and K). Duplex L contains a noncomple-
mentary pair in the Ser®“® codon which, on cloning, must lead
to the appearance of clones with the native sequence from the
pol protein and clones in which Ser®“® has been replaced by
Arg. The designations of the polymerization-terminating
oligonucleotides (see text) and of the duplexes formed with
their participation are given in parentheses. The nucleotide
members absent from the oligonucleotides terminating the poly-
merization of the (+)-chains and additionally introduced into
the terminators of the polymerization of the (—)-chains are
marked by asterisks.

Ligase assembly and polymerization were investigated separately for the (+) and (—)-
chains of the duplexes with the use as substrate of nonkinated (and, consequently, nonligat-
ing) oligonucleotides of the complementary chain. For the quantitative determination of the
efficacy of ligation, kination was carried out with [y-32PJATP, with the completion of kina-
tion by ATP, and the yield of ligation products was calculated as the percentage of the total
radioactivity of all the 32?P-containing bands in PAAG. Results on the efficacy of ligation
are given in Table 1. As can be seen from the table, the use in the assembly of the chains
of oligonucleotides containing modified 5'-ends (see, for example, the assembly of the (~)-
chains of duplexes B and K) completely excludes the possibility of polymerization.
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TABLE 1. Assembly and Polymerization by
T4 Ligase of DNA Duplexes Coding Immuno-
dominant Epitopes of HIV-1 (see Fig. 1)

Efficacy of the
. olymerization
Efficacy of 8% The chain of
DNA Chain the assembly | the duplex, %

duplex®™ | ligated of th% chain,

dimer lo ligomers

A (+ 9 7 4
A (_; 14 12 70
B (=) 91 0 0
C (+) - 49 25
C (—) - 60 15
J (+) — 8 56
J (-) 35 0 55
K (=) &4 0 0

*The total nucleotide concentration was
from 10™* to 107% M; the oligonucleo-
tides were taken in equimolar amounts
in a 1.5- to 2-fold excess with respect
to the 5'-32P-labeled component.

Thus, a chemical-enzymatic synthesis of DNA duplexes coding native and modified immuno-
dominant epitopes of HIV-I proteins that it is proposed to incorporate into plasmid vectors

with the aim of obtaining in E. coli hybrid proteins with a given immunospecificity has
been effected.

EXPERIMENTAL

The pyridine, methylene chloride, acetonitrile, and l-methylimidazole were Merck prod-
ucts, absolutized; the acrylamide, N,N'-methylenebisacrylamide, and triazole were Sigma
products; the pivaloyl chloride and the monomethoxy- and dimethoxyl tritile chloride were
Fluka products; and the other reagents were of domestic production. The nucleoside H-phos-
phonates were obtained by the method of [16].

Synthesis of Oligonucleotides by the H-Phosphonate Method. The nucleoside H-phospho-
nates were dried by two evaporations with absolute CH,CN and then in vacuum (0.1-0.2 mm Hg)
over P,05 for 12-15 h. Monomers were dissolved in a mixture of absolutized Py/CH,CN (1:1),
and the 0.2-0.25 M solutions were added dropwise to plastic test-tubes separately in each
stage of the growth of the oligonucleotide chain. CPG-500 with a long aminoalkyl ''stalk"
(Electro-Nucleonics) was used as the support, and the grafting of the first nucleotide unit
was carried out by the method of ([20], the load amounting to 15-25 umole/g.

Synthesis was performed in plastic tips to 1-ml automatic pipettes with siliconized
glass-wool filters. The solvents were added to the column by means of 2-ml glass syringes,
the deblocking mixture (2.57% solution of trichlorocacetic acid in CH,Cl,) by means of a
plastic syringe, and the solutions of the nucleoside H-phosphonate and pivaloyl chloride
(1.25 M in Py—CH,CN (1:1)) by means of a 200-ul autcomatic pipette. The reagents and sol-
vents were forced through the column by a current of air from the compressed-air supply that
had been dried by passage through a calcium chloride tube. At the condensation stage, the
outlet from the column was closed, and the polymer was stirred hydraulically after the col-
umn had been attached to an automatic pipette. A cycle of chain growth lasted for 180-230
s, including 50-60 s for condensation and 50-70 s for detritylation. Befecre and after con-

densation, the column was washed with absolute CH;CN, the total volume of washing being 3-
3.5 ml per stage.

The Deblocking and Isolation of the Oligonucleotides. An oligonucleotide was oxidized
on a polymer as described in {16]. The polymer was washed with Py and CHCl, and dried with
air, after which the tip of the column was sealed, the polymer was covered with 200 pl of
concentrated aqueous ammonia, and ammonolysis was carried out in a stainless-steel test
autoclave at 65°C for 12-15 h. After ammonolysis, the tip of the column was cut off, the
solution of oligonucleotide that had filtered through the glass wool was lyophilized, and

the dried residue was dissolved in 1 M KOAc and reprecipitated with ethanol as described in
[21].
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5'-Terminal 3?P labels were introduced into the oligonucleotides by T4 polynucleotide
kinase, as in [22]; ligation was carried out at 6°C in a buffer containing 66 mM Tris-HCI1,
pH 7.6, 5 mM MgCl,, 5 mM dithiothreitol, and 1 mM ATP for 12 h. After ligation, the reac-
tion mixtures were analyzed by electrophoresis in 12-20% PAAGs containing 7 M urea. The
yield of ligation products in each experiment was determined from the radiocactivity of the
corresponding zone as a percentage of the total radioactivity of all the 32p-containing
zones of the given track.

The primary structures of the oligonucleotides were confirmed by the Maxam-Gilbert
method {17]. Modification was carried out in solution: for G — with dimethyl sulfate at
pH 3.5, 20°C, 10 min; for A + G — with formic acid, 20°C, 20 min; for T + C — with hydra-
zine, 20°C, 25 min; for C — with hydrazine and NaCl, 20°C, 20 min, as in [18]. Sequencing
electrophoresis was performed in 227 PAAG containing 7 M urea.

LITERATURE CITED

1. K. P. Samuel, A. Seth, M. Zweig, S. D. Shouwalter, and T. S. Papas, Gene, 64, 121

(1988).

B. E. Clarke, S. E. Newton, A. R. Carrol, M. J. Francis, G. Appleyard, A. D. Syred,

P. E. Highfield, D. J. Rowlands, and F. Brown, Nature (London), 330, 381 (1987).

3. M. P. Broekhuijsen, J. M. M. van Rijn, J. M. Blom, P. H. Pauwels, B. E. Enger-Valk,
F. Brown, and M. J. Francis, J. Gen. Virol., 68, 3137 (1987).

4, V. D. Smirnov, 0. V. Sergienko, E. A. Skripkin, A. G. Dubichev, V. G. Lunin, V. G.
Grigor'ev, E. I. Tikhonenko, and V. P. Karelin, Bioorg. Khim., 7, 1388 (1983).

5. V. G. Korobko, V. N. Dobrynin, I. V. Severtseva, E. F. Boldyreva, L. N. Shingarova,
S. A. Chuvpilo, L. Yu. Filippova, N. M. Zvonok, T. E. Vasil'eva, and M. N. Kolosov,
Bioorg. Khim., 13, 69 (1987).

6. M. J. E. Sternberg and G. J. Barton, FEBS Lett., 218, 231 (1987).

7. J. J. G. Wang, S. Steel, R. Wisniewolski, and C. J. Wang, Proc. Natl. Acad. Sci. USA,

(%)

83, 6159 (1986).
8. J. W, Guann, J. A. Nelson, and M. B. A. Oldstone, J. Virol., 61, 2639 (1987).
9. T. C. Chank and G. R. Dreesman, EMBO J., 5, 3065 (1986).
10. V. Krchnak, 0. Mach, and A. Maly, Anal. Biochem., 165, 200 (1987).
11. P. S. Sarin and D. K. Sun, Science, 232, 1135 (1986).
12. P. H. Naylor and S. W. Naylor, Proc. Natl. Acad. Sci. USA, 84, 2951 (1987).
13. C. Alff-Steinberger, Nucleic Acids Res., 12, 2235 (1984).
14. C. Goffin, V. Bailly, and W. G. Verly, Nucleic Acids Res., 15, 8755 (1987).

15. Yu. E. Khudyakov, V. V. Samoshin, T. I. Kalinina, and V. D. Smirnov, in: Proceedings
of an All-Union Conference on New Directions of Biotechnology [in Russian], Pushchino-
on-Oka (1988), p. 108.

16. B. C. Froehler, P. C. Ng, and M. D. Matteucci, Nucleic Acids Res., 14,

17. A. M. Maxam and W. Gilbert, Proc. Natl. Acad. Sci. USA, 74, 560 (1977).

18. S. A. Chuvpillo and V. V. Kravchenko, Bioorg. Khim., 9, 1634 (1983).

19. H. Schaller, G. Weimann, B. Lerch, and H. G. Khorana, J. Am. Chem. Soc., 85, 3821
(1963).

20. S. M. Gryaznov, I. P. Chernov, V. K. Potapov, A. A. Purmal', V. G. Metelev, A. A. Elov,
and Z. A. Shabarova, Bioorg. Khim., 12, 1604 (1986).

21. Oligonucleotide Synthesis, A Practical Approach (ed. M. J. Gait), IRL Press, Oxford
(1984), p. 70.

5399 (1986).

22. T. Maniatis, E. Fritsch, and J. Sambrook, Molecular Cloning, Cold Spring Harbor Labora-

332

tory, Cold Spring Harbor, N.Y. (1982) [Russian translation, Mir, Moscow (1984), p. 354}.



