HELD AT
SAPPORO, JAPAN

SEPTEMBER 19th —21st, 1988

NUCLEIC ACIDS
SYMPOSIUM SERIES




FIFTEENTH SYMPOSIUM ON
NUCLEIC ACIDS CHEMISTRY

HELD AT
SAPPORO, JAPAN
SEPTEMBER 19th —21st, 1988

Symposium Organizer:

Professor Eiko Ohtsuka
Faculty of Pharmaceutical Sciences
Hokkaido University
Sapporo 060
Japan

NUCLEIC ACIDS
SYMPOSIUM SERIES

No.20

O IRL PRESS

OXFORD - WASHINGTON DC



IRL Press
Eynsham
Oxford
England

© IRL Press Limited 1988

First published 1988

All rights reserved by the publisher. No part of this book may be reproduced
or transmitted in any form by any means, electronic or mechanical, including
photocopying, recording or any information storage and retrieval system,
without permission in writing from the publisher.

British Library Cataloguing in Publication Data

Symposium on Nucleic Acid Chemistry (/5th : 1988 : Sapparo, Japan)
Fifteenth Symposium on Nucleic Acid Chemistry

1. Nucleic acids. Components. Synthesis
I. Title II. Ohtsuka, Eiko. III. Series
547.7'90459

ISBN 1 85221 106 7

Printed by Information Printing Ltd, Oxford, England.



Contents Nucleic Acids Symposium Series No. 20 1988

Analysis of mutants induced by in vitro incorporation of
N-aminodeoxycytidine 5'-triphosphate
K.Matsumoto, T.Bessho, K.Negishi and H.Hayatsu

Photoaffinity labelling reagent for eukaryotic DNA-dependent DNA
polymerase «; photoreactive 1-3-D-arabinofuranosyl-5-(E)-(4-azidostyryl)-
uracil 5’'-triphosphate

S.Izuta and M.Saneyoshi

Inhibitory effects of various derivatives of azidothymidine triphosphate on
reverse transcriptase and DNA polymerases
K.Ono, H.Nakane, P.Herdewijn, J.Balzarini and E.De Clercq

The gene for PCNA (DNA polymerase-delta auxiliary protein) is present in
higher plant genomes
T.Moriuchi, I.Suzuka, K.Kadowaki, H.Daidoji, Y.Takasaki and P.K.Nakane

Studies on the recognition mode of E.coli RNase H using modified
oligonucleotide probes

H.Inoue, Y.Hayase, A.Ito, T.Sasaki, Y.Miura, M.Koizumi, S.Iwai and
E.Ohtsuka

Study on the functional role of arginine-77 in the phosphate binding region of

RNase T1
H.Morioka, S.Nishikawa, Y.Oda, T.Yoshida, M.Orita, J.Adiwinata, S.Uesugi,
T.Hakoshima, K.Tomita, E.Ohtsuka and M.Ikehara

Synthesis of imidazoazepine nucleosides via the palladium-catalysed cross
coupling reaction
A.Matsuda, N.Minakawa and T.Ueda

Deoxygenation of the allyl alcohol system in
3'-deoxy-3'-methylidene-5-methyluridine derivatives
A.Matsuda, H.Okajima and T.Ueda

The synthesis of 2',3’-dideoxyadenosine and 2’,3’-dideoxyinosine
H.Shiragami, H.Shirae, Y.Irie, K.Yokozeki and N.Yasuda

Uridine-substituted analogs of 2-5A: synthesis and biological activities
Y Kitade, D.Alster and P.F.Torrence

Interaction between coralyne and DNA and their aggregation mechanism
Z.Taira, M.Honjo and M.Matsumoto

DNA strand scission by iron(II) and cobalt(III) bleomycins
H.Sugiyama, T.Miwa, T.Fujita, T.Tashiro, T.Matsuura and I.Saito

The effect of acid on the aromatic photosubstitution reaction of
5-halo-1,3-dimethyluracil
K.Seki and K.Matsuda

Electrocatalytic oxidation of thymine with O, using a Cu*/Cu** redox
couple
S.Ito and K.Sasaki

11

13

15

19

21

23

25

27

Contents continued overleaf



Asymmetric synthesis of C-nucleosides through Diels-Alder reaction of furan
with di-(/-menthyl) acetoxymethylenemalonate
N.Katagiri, H. Akatsuka and C.Kaneko

Palladium-catalysed cross-coupling of halogenonucleosides with
organoaluminums
K.Hirota, Y.Kanbe, Y.Kitade and Y.Maki

Organoselenium reagents for the modification of the sugar portion of
nucleosides
K.Haraguchi, H.Tanaka, H.Hayakawa and T.Miyasaka

Phospholipase D-catalysed trans-alkylphosphorylation: a facile synthesis of
nucleoside 5’'-alkylphosphates
S.Shuto, S.Imamura, K.Fukukawa, T.Fujiwara, M.Yaso and T.Ueda

The synthesis and biological activity of sugar and base-modified nucleosides
J.A Secrist III

Allenic derivatives of nucleic acid bases—new acyclic nucleoside analogues
with antiretroviral activity
S.Phadtare and J.Zemlicka

Synthesis and biological evaluation of certain 3-3-D-ribofuranosyl-
1,2,4-triazolo(4,3-b)pyridazines related to formycin prepared via ring closure
of pyridazine precursors

Y.Kang, R.K.Robins and G.R.Revankar

Studies on griseolic acid derivatives VIII. Synthesis and phosphodiesterase
inhibitory activity of a 2-substituted derivative of griseolic acid
M.Kaneko, M.Kimura, Y.Murofushi, Y.lijjima and M.Yamazaki

Characterization and synthesis of a new nucleoside from archaebacterial
transfer RNA: 1,2'-0-dimethylinosine

J.A.McCloskey, C.G.Edmonds, R.Gupta, T.Hashizume, C.H.Hocart and
K.O.Stetter

Improved high sensitivity detection of 5-methylcytosine in DNA based on gas
chromatography — mass spectrometry
J.A .McCloskey, E.M.Rachlin, C.W.Whitehead and P.F.Crain

A modified uridine in the first position of the anticodon of a minor arginine
tRNA from Escherichia coli

S.Yokoyama, K.Sakamoto, T.Muramatsu, Z.Yamaizumi, S.Nishimura and
T.Miyazawa

2-Chlorodeoxyadenosine-induced dNTP imbalance and DNA double strand
breaks in CCRF-HSB2 cells and the mechanism of cell death

Y.Wataya, Y.Hirota, A.Yoshioka, S.Tanaka, T.Otani, J.Minowada, A.Matsuda
and T.Ueda

Blockage and recovery of DNA chain elongation on chemically modified
templates in vitro

T.Bessho, T.Yamashita, Y.Yamada, T.Tanaka, S.Uesugi, K.Negishi and
H.Hayatsu

Cloning of adenovirus 2 terminal DNAs using the primer extension method
A.Murasugi and S.Hashimoto

29

31

33

35

37

39

41

43

45

47

49

51

53

55




Slalom chromatography. A new size-dependent separation method for DNA
J.Hirabayashi and K.Kasai

Nucleic acid analogs for HPLC: complementary separation of nucleic acid
fragments
Y .Inaki, Y.Sugiura, T.Miyamoto, H.Hojho, S.Nagae and K.Takemoto

Polymer drugs and polymeric drugs VI. Interaction of poly(styrene-co-maleic
acid) and RNA
M.Akashi, E.Sakagami, T.Tajima, E.Yashima and N.Miyauchi

Nucleotide specificity of DNA cleavage by esperamycin/calichemicin antitumor
antibiotics
Y.Sugiura, Y.Takahashi, Y.Uesawa and J.Kuwahara

Difference between gilvocarcin V and gilvocarcin M on the light-dependent
action on DNA in vitro
Y.Yamashita and H.Nakano

DNA strand scission by neocarzinostatin
H.Kawabata, H.Sugiyama, T.Tashiro, H.Takeshita, T.Matsuura, I.Saito, A.Ito
and Y.Koide

Conversion of some 2,3'-substituted-imino uracil furanosides into piperidine
sugar analogues
K.Minamoto, N.Fujiwara, K.Azuma and S.Eguchi

Synthetic study toward oligonucleotides involving instant removal of an
anilidate group from 5’-0-DMTr-2'-deoxyribonucleoside phosphoroanilidates
through nitrites —acetic anhydride

S.Nishino, Y.Nagato, Y.Hasegawa, K.Kamaike and Y.Ishido

Allylic protecting groups in solid-phase DNA synthesis
Y.Hayakawa, S.Wakabayashi and R.Noyori

Solid-phase synthesis of polyribonucleotides using a new acetal group for the
protection of 2'-hydroxyl function
0O.Sakatsume, M.Ohtsuki, H.Takaku and C.B.Reese

Synthesis and properties of ribooligonucleotides which form a G:U base pair
in a duplex
T.Tanaka, M.Orita, T.Sakata, S.Uesugi and M.Ikehara

Use of trisdialkylaminophosphines for preparing deoxyribonucleoside
3'-phosphorbisamidites as effective reagents in a solid-phase synthesis of
oligodeoxyribonucleotides

K.Yamana, Y.Nishijima, H.Nakano and O.Sangen

Convenient synthesis of diribonucleotides
T.Shimidzu, H.Ozaki, S.Yamoto and K.Honda

Synthesis of capped oligoribonucleotides
R.Iwase, Y.Tsukada, M.Sekine, T.Hata and K.Miura

Polymerization of P!,P2-diguanosine 5’-diphosphate in aqueous solution
H.Furuta, Y.Ogawa and H.Yanagawa

57

59

61

63

65

69

71

73

75

77

79

81

83

85

87

Contents continued overleaf



Preparation of spin-labeled oligonucleotides and their spectroscopic behavior
in solution
K.Makino, A.Murakami, S.Nagahara, Y.Nakatsuji and T.Takeuchi

Rapid detection of specific gene sequences
A.Yamane, S.Nakagami, T.Kawasoe and K.Miyoshi

Gene organization of tRNAs and their secondary structures found in starfish
mitochondrial genome
T.Araki, S.Asakawa, Y.Kumazawa, K.Miura and K.Watanabe

Statistical characteristics of DNA sequences in the E.coli genome: the
counterbalance adjustment which affects gene expressivity
T.Nakamura, A.Suyama and A.Wada

Reverse transcriptase and transposase genes are selfish genes evolved from
DNA polymerase
K.Ohnishi

Detection of specific interactions between anticodon:C4N nucleotides and the
cognate amino acids
M.Shimizu and T.Hasegawa

Initiator tRNA gene from an extreme thermophilic and acidophilic
archaebacterium Sulfolobus acisocaldarius and its gene expression
M.Seki, T.Oshima, K.Miura and K.Watanabe

Expression of a human endogenous retrovirus ERV3 in normal and malignant
tissues and cells
N.Kato, M.Kato, K.Shimotohno, E.Larsson and M.Cohen

Expression and secretion of human epidermal growth factor by Escherchia
coli using enterotoxin signal sequences
K.Fujimoto, T.Fukuda and R.Marumoto

Synthetic gene constructions using improved gene synthesis procedures
K.Jayaraman and J.Shah

Ribonuclease H genes and proteins
R.J.Crouch and M.Itaya

Antisense oligonucleoside methylphosphonates: interaction of psoralen-
derivatized oligomers with RNA and DNA

P.S.Miller, K.R.Blake, C.D.Cushman, J.M.Kean, B.L.Lee, S.-B.Lin and
A .Murakami

A new generation of non-radioactive DNA probes: oligonucleotides containing
a multifunctional 3’'-polyamide moiety
J.Haralambidis, L.Duncan, K.Angus, M.Chai, S.Pownall and G.Tregear

The synthesis and applications of modified oligodeoxyribonucleotides in
molecular biology
B.S.Sproat, B.Beijer, P.Rider and P.Neuner

Design and synthesis of fluorescently labeled chain terminators for automated
sequencing of DNA
G.L.Trainor, F.W.Hobbs, A.J.Cocuzza and P.N.Confalone

89

91

93

95

97

99

101

103

105

107

111

113

115

117

119

Vi



Phosphorothioate DNA: synthesis via improved hydrogen-phosphonate
chemistry
A.Andrus and G.Zon

An NMR study on the conformation of DNA containing the (dA),-(dT),
sequence
M.Katahira, S.J.Lee, H.Sugeta, Y.Kyogoku, S.Fujii, R.Fujisawa and K.Tomita

Identification of I:T and I:G mismatch base-pairing structures in DNA
Y.Oda, S.Uesugi, M.Ikehara, Y.Kawase and E.Ohtsuka

Molecular dynamics simulations of d(CGCIAAT)-d(ATTAGCG) with
anti—anti and anti—syn orientations in I-A base pair
S.Fujii, Y.Oda, S.Uesugi, E.Ohtsuka and K.Tomita

Differential scanning calorimetry of dam methylated and unmethylated DNAs
of the chromosomal replication origin region, oriC of Escherichia coli
Y.Maeda, H.Yamaki, K.Takahashi and E.Ohtsubo

Structure and function of RNA II of ColEl
H.Ohmori

Synthesis of novel double-stranded polyribonucleotides having biological
activities
T.Ohgi and J.Yano

Chemical synthesis of altered leader sequences of a phage mRNA to compare
the efficiency of initiation complex formation
M.Ishikawa, I.Hirao and K.Miura

The cytotoxins «-sarcin and ricin retain their specificity when tested on a
synthetic oligoribonucleotide that mimics a region of 28S ribosomal
ribonucleic acid

Y.Endo and K.Tsurugi

Higher-order structures and functional domains of the RNA component of
ribonuclease P from Escherichia coli
H.Shiraishi and Y.Shimura

The properties and functional role of eukaryotic ribosomal ATPase
H.Kagiyama and M.Miyazaki

Two guanosine binding sites in the group I IVS RNA and their roles in the
mechanism of self-splicing
P.S.Kay, P.Menzel and T.Inoue

Nucleotide sequence analysis of human (-globin gene by a quantification
method. Mutations in 5'-splice junction sequence and S3-thalassemia
Y .lida

Author index

121

123

125

127

129

131

133

135

137

139

141

143

145

147

vii



Symposium Series No. 20 1988 Nucleic Acids Research

Analysis of mutants induced by in vitro incorporation of N*-aminodeoxycytidine 5'-triphosphate

Keiko Matsumoto, Tadayoshi Bessho, Kazuo Negishi and Hikoya Hayatsu

Faculty of Pharmaceutical Sciences, Okayama University, Tsushima, Okayama 700, Japan

N4-Aminocytidine is a potent mutagen of a nucleoside(base)-analog type.
We have reported that N4%-aminocytidine is mutagenic to prokaryotes and eu-
karyotes. This nucleoside analog can be incorporated into cellular DNA as N4.

aminodeoxycytidine (dCam),

NHNH, The incorporation of N4-amino-
Xy deoxycytidine  5°-triphosphate  (
am i i »
0 0 o /ko dCamTP) (Fig. 1), a putative metabo
'O'II’I OII’I o 1')' o N lite of N4-aminocytidine, into repli-
1 1 [ 0] cative form DNA of phage ¢X174am3

o~ 0 O

by nick-translation resulted in the
HO production of revertant phages (1).
Fig. 1. N4-Aminodeoxycytidinc This shows clearly that the N4-amino-
5°-triphosphate cytosine-containing DNA is muta-

genic.

Both E. coli DNA polymerase I (2) and mammalian DNA polymerase o (3) cat-
alyze incorporation of dC2MTP into DNA efficiently in place of dCTP opposite gua-
nine, and less efficiently, but to a significant extent, in place of dTTP opposite
adenine.  This dual incorporation property can be attributed to an ambiguous
base pairing of N%-aminocytosine to either G or A: the easy tautomerization of
N4-aminocytosine between the amino and the imino forms will allow its pairing
with guanine or adenine. Consistent with these findings, N4-aminocytidine in-
duces both GC to AT and AT to GC transitions in bacteriophages $X174 and M13mp2
in vivo, but no transversion is inducible .

Here we studied the induction of forward mutations in lacZo region of
M13mp2. The mutations should result in the abolishment of a-complementation
for restoration of the B-galactosidase activity. This system is widely used for
studying the mutational specificities: with this system, all types of mutations can

be detected, and DNA sequences of many mutants can be easily obtained .

© IRL Press Limited, Oxford, England. 1
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Single-stranded M13mp2 DNA samples were annealed to complementary
oligodeoxynucleotides. ~The DNA was incubated with dC2MTP in the presence of
two of normal dNTPs and DNA polymerase I large fragment from E. coli (Klenow
enzyme), and further incubated after the addition of saturated amounts of four
normal dNTPs to obtain the DNA with dC2M in a defined region . A portion of the
products was transfected into the Ca2*-treated E. coli NR9099, carrying chromo-
somal deletion of the lac operon and containing F° plasmid having a defective B-
galactosidase gene. The transfected bacteria were plated with growing E. coli.
White and light blue plaques, which mutant progeny phages produce, and wild-
type blue plaques were scored to measure mutation frequencies.

The induced mutation frequencies increased from < 0.04 % in the control
samples to 0.2-1.0 % of surviving phages by the incorporation of N4-amino-
cytosine into phage DNA. Among 42 mutants sequenced, 35 mutants were found
to have sequence alterations in the regions proximate to 3’-terminal of annealed
oligonucleotides (41 altered bases in total). As expected, all the mutations were
transitions, and A to G and G to A in viral strands were the predominant changes
(36 mutations). However, 5 mutations were identified as T to C in viral strands.
One possible explanation for this puzzling observation is that the erroneous
incorporation of dGTP opposite to thymine in the template is enhanced by the
incorporated N4-aminocytosine.

In in vitro site-directed mutagenesis, usually one defined nucleotide in a
gene is targeted. However, it seems to be also useful to be able to induce by a sim-
ple technique many mutations in a given region of a gene. For example, produc-
tion of many mutant proteins with respect to a region corresponding to a spe-
cific domain would facilitate studies on biochemistry of that protein. A candidate
for it is a mutagenesis by incorporation of a mutagenic nucleotide, because such
nucleoside-triphosphates can be incorporated randomly in gapped DNA. We
expect that dC3MTP is suitable for this purpose, because it can be incorporated
efficiently and phage DNAs containing N4-aminocytosinc are as infective as
normal DNA.

REFERENCES

1. Takahashi, M., Negishi, K., and Hayatsu, H. (1985) Biochem. Biophys. Res.
Comm., 131, 104-109.

2. Negishi, K. Takahashi, M., Yamashita, Y., Nishizawa, M., and Hayatsu, H. (1985)
Biochemistry, 24, 7273-7278.

3. Takahashi, M., Nishizawa, M., Negishi, K., Hanaoka, F., Yamada, M., and
Hayatsu, H. (1988) Mol. Cell. Biol., 8, 347-352.
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Photoaffinity labelling reagent for eukaryotic DNA-dependent DNA polymerase «; photoreactive
1-3-D-arabinofuranosyl-5-(E)-(4-azidostyryl)-uracil 5'-triphosphate

Shunji Izuta and Mineo Saneyoshi

Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo 060, Japan

ABSTRACT: We had synthesized 5-(E)-(4-azidostyryl) araUTP as photoaffinity
labelling reagent for eukaryotic DNA polymerase a. This nucleotide showed a
strong and selective inhibitory effect on DNA polymerase o purified from
cherry salmon (Oncorhynchus masou)testes, with Ki value of 0.7 uM and Ki/Km
value of 0.28. The inhibition mode has been shown as mixed type when the
enzyme reaction carried out under room light, and was competitive to dT B in
the dark during incubation. From the results of experiments using a [y-""P]-
nucleotide, it was appeared that this compound needed poly(dA)-oligo(dT) as a
temprate-primer for binding to DNA polymerase a, and that this analogue could
bind to dTTP recognition site of this enzyme.

INTRODUCTION

Among three kinds of eukaryotic DNA-dependent DNA polymerases (o, B and
Y), DNA polymerase a is thought to have essential role for nuclear DNA repli-
cation (1). For clarifying the mechanism of eukaryotic DNA replication, it is
very important to study this enzyme in detail using unique approach. In this
context, we have attempted to develope an photoaffinity labelling reagent for
DNA polymerase a. We reported previously that araUTP analogues bearing strong
hydrophobic styryl group at 5-position showed the strong and selective inhibi-
tory effects on DNA polymerase o purified from cherry salmon (Oncorhynchus
masou) testes (2). Based on these results, we have designed 5-(E)-(4-azido-
styryl) ara UTP which has photoreactive aryl azido group. In this paper, we
describe the synthesis and utilization of this nucleotide analogue as an
affinity labeling reagent for DNA polymerase o from cherry salmon (Oncorhynchus

masou) .

MATERTALS § METHODS

Synthesis: 5-(E)-(4-azidostyryl) araUTP was synthesized from 5-(E)-(4-amino-
styryl) araUTP (2) via diazonium intermediate followed by replacement with
azido group. [Y—EZP]-5-(E)—(4—azidostyryl)—araUTP was prepared from [Y—32

P]-GTP to corresponding araUDP derivative by phosphate transfer reaction

© IRL Press Limited, Oxford, England. 3
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which catalyzed by nucleoside diphosphate kinase.

Photoaffinity labelling of DNA polymerase o.: DNA polymerase o was labelled

under following condition. The mixture containing 50 mM Tris-HC1 (pH 8.0),

4 mM MgCl,, 1 mM dithiothreitol, 100 ug/ml poly(dA)-oligo(dT), 4 uCi [y->°P]-
5-(E)-(4-azidostyryl)araUTP and 30 units of cherry salmon DNA polymerase o,
was incubated for 30 min at 37°C without light, then irradiated light above
300 nm using high pressure Hg lamp with Pyrex filter for 5 min at 5 cm dis-
tance. The radiolabelled product was separated from an unreacted analogue by
SDS-10% polyacrylamide gel electrophoresis and detected by autoradiography
with X-ray film.

RESULTS & DISCUSSION

Inhibotor properties of photoreactive analogue : From kinetic analysis,

in the case of DNA polymerase a, two different kind of inhibition mode were
demonstrated. One of these cases, was mixed type when the reaction was per-
formed under room light, and other was competitive to dTTP when there was
dark during incubation. On the other hand, in the case of DNA polymerase B,
the inhibition mode was competitive to dTTP either under light or dark during
incubation, indicate that this analogue would fail to bind to this enzyme if
light condition.

Photoaffinity labelling of DNA polymerase o : We next examined whether this

analogue really binds to enzyme by photolysis or not, using radioactive
derivative. The radioactive product was yielded when poly(dA)-oligo(dT) was
used as template-primer, and poly(dA) itself or activated DNA was not effecti
ve to produce photoadduct. This indicates that this nucleotide would need the
condition to recognize only dTTP for binding to DNA polymerase o. Effect of
dTTP in the reaction was remarkable in this photoreaction. The radiolabelled
enzyme was decreased according to an increasing concentration of dTTP, sugge-
sting that this analogue could bind to dTTP binding site of the enzyme. Thus,
our newly developed 5-(E)-(4-azidostyryl) araUTP should be very useful probe
for analysis of the nucleotide binding site of DNA polymerases. We also

found that this analogue was inhibited herpesvirus-induced DNA polymerases
(3), then this compound should also be applicable to affinity labelling of
herpes DNA polymerases.

REFERENCES

1. Fry, M. and Loeb,L.A. (1986) Animal Cell DNA Polymerases, CRC Press,
Boca Raton FL.
2. TIzuta,S. and Saneyoshi, M. (1987) Chem. Pharm. Bull., 35, 4829-4838.
3. Suzuki,S., Izuta,S., Nakayama, C. and Saneyoshi, M. (1987)
J. Biochem. (Tokyo), 102, 853-857.
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Inhibitory effects of various derivatives of azidothymidine triphosphate on reverse transcriptase
and DNA polymerases

Katsuhiko Ono, Hideo Nakane, Piet Herdewijn!, Jan Balzarini' and Erik De Clercq!

Laboratory of Viral Oncology, Aichi Cancer Center Research Institute, Chikusa-ku, Nagoya 464,
Japan and !'Rega Institute for Medical Research, Katholieke Universiteit Leuven, B-3000 Leuven,
Belgium

ABSTRACT

Inhibitory effects of various derivatives (sugar or triphosphate moiety
was modified) of 3'-azido-2',3'-dideoxythymidine 5'-triphosphate (AZTTP) on
the activities of reverse transcriptase and cellular DNA polymerases were
examined and compared with each other. The mother compound, AZTTP, was
found to be the most potent and selective inhibitor of reverse transcriptase.
On the other hand, 2',3'-didehydro-2',3'-dideoxythymidine 5'-triphosphate
was strong but nonspecific inhibitor for all the polymerases tested except
for DNA polymerase a.

INTRODUCTION

Since the causative agent of Acquired Immune Deficiency Syndrome
(AIDS) was identified as a retrovirus, now designated as human immuno-
deficiency virus (HIV), several compounds have been found to be effective

.

as anti-HIV agents. Some of them are inhibitors for the viral reverse
transcriptase (RT)., which is prerequisite for provirus synthesis and its
integration into host cell DNA. The most potent and selective inhibitors so
far reported belong to a family of 2',3'-dideoxynucleosides. Among them,
3'-azido-2',3'-dideoxythymidine (AZT) is the strongest inhibitor and is
currently used as a chemotherapeutic agent against AIDS.

AZT is phosphorylated in the cell to be the active triphosphate form
(AZTTP) to inhibit RT. In search of efficient and selective inhibitors for
RT. we examined the inhibitory effects of several AZTTP derivatives on RT
in comparison with those on cellular DNA polymerases, the latter being

indices of the drugs for cellular toxicity.

MATERIALS AND METHODS

AZTTP derivatives tested were as follows; 3'-azido-2',3'-dideoxy-
thymidine 5'-triphosphate (AZTTP), 2',3'-didehydro-2',3'-dideoxythymidine
5'-triphosphate (ddeTTP), 3'-azido-2',3'-dideoxythymidine 5'-diphosphate

© IRL Press Limited, Oxford, England. 5



Nucleic Acids Research

(AZTDP), 3'-azido-2',3'-dideoxythymidine 5'-triphosphate (a>g), 3'-azido-
2',3'-dideoxythymidine 5'-triphosphate (g>y ), and 2',3'-didehydro-2',3'-
dideoxycytidine 5'-triphosphate (ddeCTP).

RT, DNA polymerases o, B andy, and terminal deoxynucleotidyltrans-
ferase (TdT) were purified from Rauscher murine leukemia virus, cultured
human KBIIl cells, and calf thymus, respectively.3 DNA polymerase | was
obtained from commercial source. Assay for these DNA polymrase activities
were carried out under the reaction conditions described pr'eviously.3
Inhibitory potentials of the compounds were expressed as inhibition constants

(Ki's) obtained by the kinetic analyses.

RESULTS AND DISCUSSION
1) None of the derivatives tested were inhibitory to DNA polymerase o at

drug concentrations up to 50 uM.
2) Only ddeTTP was inhibitory to DNA polymerase B.
3) All the compounds, particularly AZTTP and ddeTTP, were inhibitory to
DNA polymerase y.
4) TdT was moderately sensitive to inhibition by any of the compounds.
5) RT was sensitive to all the compounds, especially to AZTTP (Ki; 42 nM).
6) DNA polymerase | was inhibited by either of AZTTP, ddeTTP and ddeCTP,
but was insensitive to either of AZTDT, AZTTP ( o»g) and AZTTP (g>y).
All the results obtained in the present study indicate that the original
compound, AZTTP, is still the most potent and selective inhibitor for the
reverse transcriptase and that ddeTTP is inhibitory over a wide variety of

DNA polymerases, particularly to DNA polymerase y (Ki; 3.5 nM).

REFERENCES
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The gene for PCNA (DNA polymerase-delta auxiliary protein) is present in higher plant genomes

Tetsuya Moriuchi, Iwao Suzuka!, Koh-ichi Kadowaki!, Hideyuki Daidoji?, Yoshinari Takasaki? and
Paul K.Nakane

Department of Cell Biology, Tokai University School of Medicine, Isehara 259-11, 'Department of
Molecular Biology, National Institute of Agrobiological Resources, Tsukuba Science City 305 and
?Department of Internal Medicine, Juntendo University School of Medicine, Bunkyo-ku, Tokyo 113,
Japan

ABSTRACT

The homologue of PCNA (DNA polymerase-delta auxiliary
protein) was searched in higher plants. In DNA blot analysis
rat PCNA cDNA probe hybridized with homologous sequences in
genomic DNAs from rice, soybean, tobacco and red pepper. The
PCNA-related molecular clone (pCJ-1) was isolated from rice DNA
and used as a probe for RNA blot analysis. The pCJ-1 probe
hybridized with a 1.2 kb transcript in RNA from rice root tips
and shoots. Immunoblot analysis of the soluble extract of soy-
bean root tips using monospecific anti-PCNA antibodies identified
a 34 kd protein. Immunohistochemical analysis revealed the
presence of immuno-reactive PCNA protein in the nuclei of cells
in the meristem of soybean root tips. The highly homologous
nature of PCNA gene and PCNA protein throughout animal and plant
kingdoms suggests that PCNA play an essential role in DNA
replication in eukaryotes.

INTRODUCTION

PCNA (cyclin) was originally described in proliferating
mammalian cells as a 33-36 kd nuclear protein and was recently
found to be a DNA polymerase-delta auxiliary protein (1,2).
Whether PCNA is an universal protein necessary for proliferaticn

of eukaryotes, PCNA homologue was searched in higher plants.

MATERIALS AND METHODS

rice (Orize sativa L.), soybean (Glycine max Merril), tobacco

(Nicotiana tobacum L.) and red pepper (Capsicum frutescence L.).

RIVA was extracted from shoots ancd root tips of the rice 5 days

after seeding. Blot analysec viere performed as described (3).

library from rice DNA was screened with rat PCNA cDNA (pCR-1) (3).

© IRL Press Limited, Oxford, England. 7
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: :::s L g Lane 3, Eco RI-digest
fede o of soybean DNA.
235— Lane 4, Hind III-digest
St ’ of tobacco DNA.
e ’-°" 108~ ” Fig. 2
1.5; ;
3.4 T Lane 1, poly(A) RNA
from rice shoots.
Lane 2. poly(A) RNA
Fig. 1. (left) DNA blot hybridization from rice root &ips.

of rat PCNA cDNA with plant DNAs

Fig. 2. (right) RNA blot hybridization
of rice PCNA probe (pCJ-1) with rice
mRNA.

RESULTS AND DISCUSSION

A 0.75 kb Pst I fragment which contains 88% of the coding
region of rat PCNA/cyclin cDNA was radiolabeled and used as a
hybridization probe. 1.

As shown in Fig. the probe hybridized

with sequences in genomic
genomic library from rice

probe and a 5 kb fragment

DNAs from soybean and tobacco. A
DNA in Charon 28 was screened with the

of the positive clone was subcloned

into the Hind III site of pUC 18 (pCJ-1). 1In RNA blot analysis
a 0.6 kb Bal I fragment of pCJ-1 insert hybridized with a single
the
size of which coincides with that of full length cDNA of rat

PCNA/cyclin (Fig. 2).

1.2 kb transcript in RNAs from rice root tips and shoots,

These results indicated that the PCNA/
cyclin gene in rice is actively transcribed. The extraordinary
conservation of the PCNA/cyclin gene throughout eukaryotes
implies that the biological function is essential to the

maintenance of species.

REFERENCES

1. Prelich, G., Tan, C-K., Kostura, M. et al. (1987) Nature 326,
517-520.

2. Bravo, R., Frank, R., Blundell, P. A. et al. (1987) MNature
326, 515-517.

3. Matsumoto, K., Moriuchi, T., Koji, T. et al. (1987) EMBO J.
6, 637-642.




Symposium Series No. 20 1988 Nucleic Acids Research
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ABSTRACT

Nonanucleotide duplexes of RNA and modified DNA which
contained 5-phenyl-2'-deoxyuridines or 2'-O-methoxymethylribo-
nucleosides were prepared for the study of the E. coli RNase H
recognition mode. The hydrolysis rates and sites of the ribo
strands in the enzyme reaction were compared with those for the
unmodified RNA-DNA counterparts.

E. coli RNase H is an endoribonuclease which hydrolyzes

RNA in RNA-DNA hybrids, producing oligoribonucleotides with 5'-
phosphates. We have recently found that short deoxyoligonucleo-
tides linked with 2'-O-methylribooligonucleotides direct site-
specific cleavage of the complementary ribooligonucleotides by

this enzymeﬂ

The present study was initiated in order to
examine the enzyme recognition mode in which modified oligo-
nucleotide probes were used.

An RNA-DNA hybrid adopts the A form; the major groove and
minor grooves are similar in size, but the former is very deep
and the latter is rather shallow. Therefore, we envisioned that
RNase H recognizes and binds to the minor groove in addition to
phosphate groups; the 2'-hydroxyl groups and the 2'-deoxy parts
are aligned to the rim of the minor groove.

We have synthesized nonadeoxynucleotides containing 5-
phenyluracils instead of T-residues and 2'-O-methoxymethylribo-
nucleosides at appropriate positions, respectively, by using an
automated DNA synthesizer. The complementary ribo strands were

prepared by slight modifications?

of the reported procedures
and labeled at the 5'-end. The RNase H reaction was carried out

at 15 or 30 ©c, pH 7.7, and the RNA cleavage sites were
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