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Abstmct : NS- Phenylacetyl-2 ‘- deoxyadenasine and N2- Phenyiacetyi-2 ‘- deoxyguanosine are readily deprotected 

in reactions catalyzed by free and immobilized penicillin amidase at pH 7.8 and 250 C. 

Despite the relatively weak reactivity of the exocyclic amino group of 2’-deoxyadenosine (dAdo) or 2’-deoxy- 

guanosine (dGuo) under the conditions for nucleotide bond formation, its selective protection is an unavoidable 

step in oligonucleotide synthesis. ‘$2 These 2’-deoxynucleosides can loose their purine residue in either 

strongly basic or moderately acidic conditions of solid phase synthesis thus generating truncated sequences. 

The rate of these side reactions is even enhanced when an aroyl group is used for protection of the purine 

amino function.3 The effect is reduced using a sterically crowded amidine protection.4 Furthermore, the 

growing interest in the application of modified oligonucleotides as gene-suppressing therapeutic reagentssrequires 

protecting groups compatible with the intrinsic liability of specific modifications at phosphorous. The use of 

N2-phenylacetyl-5 I-protected-2Ldeoxyguanosine derivatives in oligonucleotide synthesis has already been 

considered as practical due to their increased solubility in organic solvents.6 

Enzymic manipulation of protecting groups offers a viable alternative to classical chemical methods.‘** This 

strategy has never been used in nucleotide synthesis. Many enzymes work in neutral solutions combining 

high reaction selectivity with a broad substrate specificity. Thus penicillin amidase (PA) from E. co/i (EC. 3.5.1.11.) 

catalyzes phenylacetyl moiety transfer from/to nucleophiles varying from 6-aminopenicillanic acid to peptide 

amines. e-11 Here we report that the phenylacetyl group can be successfully used as an enzyme (PA)- 

cleavable aminoprotecting group of 2’-deoxyadenosine and 2rdeoxyguanosine. 

Phenylacetyl protection of the exocyclic amino groups of the purine nucleosides dAdo and dGuo was performed 

using trimethylsilylation of 3’- and 5’-OH functions as transient protection by a specific adaptation12 of the 

procedure originally designed for dGuo. 6 The yields were 00% for dAdo and 75% for dGuo derivative. The 

crystalline protected nucleosides N s-Ac(Ph)dAdo and N2-Ac(Ph)dGuo were characterized by t.l.c., HPLC, 

IR, and 1H NMR. 13 

Ns-Ac(Ph)dAdo and N2- Ac(Ph)dGuo were subjected to deprotection, catalyzed by free or immobilized penicillin 

amidase’4(Schemel To a 0.125 mM solution of the corresponding nucleoside derivative In phosphate buffer pH 7.8 

(l=O.2) was added free (3.5~10-~M) or immobilized (7.5x10-7M) enzyme. The reaction mixture was incubated 
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(or stirred in the case of immobilized enzyme) at room temperature and analyzed by HPLC. Complete deprotection 

was observed, the deprotection time depending on the nature of the nucleoside or the biocatalyst (Table). 

The kinetics of the penicillin amidase-catalyzed deprotection was studied under the same conditions with 

substrate concentrations ranging from 0.1~10 -3 to lx10-3M. The reaction was followed by HPLC. The catalytic 

parameters were derived from the initial rate of phenylacetic acid formation using the computer program 

Enzfitterls for nonlinear regression analysis. The calculated values and the data obtained previously for 

penicillin G, phenylacetyl-glycine and phenylacetyl-aspartame are summarized in the Table. 

Due to the leaving group specificity of penicillin amidase, the reactivity fk,ot/Ku - values 1 of N-phenylacetyl- 

purine nucleosides is lower than that of its natural substrate Ns-phenylacetyl penicillanic acid (Penicillin G). 

The enzyme leaving group binding subsite, however, tolerates purine nucleoside residues in the transition 

state (similar order of magnitude k, -values) and binds weakly their ground state (three orders of magnitude 

higher KM-values 1. These data suggest that penicillin amidase would be effective in multiple deprotection of 

oligodeoxynucleotides containing N-phenylacetylated purine nucleobases under mild conditions. The acceptable 

deprotection times (Table) support this conclusion, Comparison of the kinetic parameters in the Table allows, 
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Table. Kinetic Parameters for Penicillin Amidase-catalyzed Deprotection of N-Phenylacetylated 
Purine Nucleosides and Related Compounds at pH 7.8 (1=0.2) and 250 C. SD. less than 10%. 

SUBSTRATES 
Deprotection Time”, min 

k cat 0 5-l ~I,PM kcat/Kw 
s-‘plvl-’ Free PA Immobilized PA 

Ns-AcfPhI-dAdo 2 460 0.004 30 120 

Nz-AcfPh)-dGuo 18 800 0.023 15 60 

ActPhI - Aspartameb 35 670 0.052 150= 

Ac(Ph)-Gly-OH 47 5.2 9.Od 25 

Ns-Ac(Ph)-APAe 50 10 10.0 25 

o 0.125 mM substrate, 3x10-7M free PA or 7.5x10-7M immobolized PA ; b Ref. 11; 
C 200 mM substrate, 3x10-3M immobilized PA; d Ref. 16; e Penicillin G 

us to infer that treatment of N4-phenylacetyl-2Ldeoxycytidine (when available) with penicillin amidase should 

also result in the cleavage of the protecting group. 

Therapeutic intervention on the level of the nucleic acids requires synthesis of modified oligonucleotides 

on a large scale.5 This development calls for enhanced protecting group techniques not used before in gene 

synthesis, where tiny quantities are enough for molecular cloning. Enzymic deprotection techniques are potentially 

an integral part of this new strategy. 

Acknowledgements: This study has been supported by National Research Fond (Project X-66) and Deutsche 

Forschungsgemeinschaft (436 BUL-113/20/11). 

References and Nabs 

1. Sonveaux, E., Bioorg. Chem. l986, 14, 274-325. 

2. Beaucage, S.L. , lyer, R.P., Tetrahedron 1992, 48, 2223-2311. 

3. Tanaka, T., Letsinger, R., Nucleic Acids Res. 1982, 10, 3249-3260. 

4. McBride, L.J., Caruthers, M.H., Tetrahedron fett. 1983, 24, 2953-2956. 

5. Uhlmann, E., Peyman, A., A. Chem. Rev. 1990, 90, 543-582. 

6. Benseler, F., McLaughlin, L.W., Synthesis 1988, 1, 45-46. 

7. Hermann, P., Biomed. Biochim. Acta 1991, 50 (lO/ll), S19-S31. 

8. Waldmann, H., Braun, P., Kunz, H., Biomed. Biochim. Acta 1991, 50(10/11), S243-S248. 

9. Cole, M., Biochem. J. 1969, 115, 733-764. 

10. Kasche,V., Michaelis,G., Wiesemann,T., Biomed. B&him. Acta l991, 50 flO/ld, S38-S43 

11. Stoineva, LB., Galunsky,B.P., Lozanov, VS., Ivanov, I.P., Petkov,D.D., Tetmhedmn l992,48, 1115-1122. 

12. The nucleoside (4 mmol) was dried and suspended in dry pyridine (20 ml). Trimethylchlorosilane was added 

and the mixture was stirred at ambient temperature until silylation was complete (t.1.c.). Phenylacetyl 

chloride (6mmol) was mixed with I-hydroxybenzotriazole (6.4 mmol) and suspended in dry acetonitrile (2ml). 



2784 M. A. DRWA et al. 

Pyridine (2 ml) was added to dissolve any precipitated salt. This colorless solution was added dropwise 
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