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60 oC for 20 min. Sedimentation of glyoxylated AMV DINA was done in sucrose gradients containing
0.1 mol/l glyoxal and 20 mmol/l potassium phosphate, pH 7.4, according to Brun and Weissbach
(1978). RNase A (50 pg/ml) treatment was for 15 mins at 37 oC.

Phosphorvlation of AMYV DNA. Phosphorylation experiments were done on the single-stranded
portion of double-labelled AMV DNA, which prior (o separation by hydroxylapatite chromato-
graphy was once more purified by isopyenic CsCl gradient centrifugation and then isolated as
described above.

Mmkiny c)f‘ the ﬁm 5 t«.

rminal hydroxyl groups of AMV DNA by T4 polynucleotide kinase
elled ATP, a preparation of “masked” AMV DNA samples, was done

entia y' wrdmg mlhmw et al. (1973). Sedimented ;)c)rtmmw{ single-stranded AMV DNA with
a mciumctwny of 1720 c,pm of TH-mTdR and 1560 cpm of MC-UR wer atured at 90 oC for 2 mins
in a volume of 20 x4l of 1/2 TE buffer. The T4 polynucleotide kinase reactions were performed after
addition of corresponding reaction mixture components in a final volume of 50 ul according to
Maniatis et af. (1982), with following modifications: non-labelled ATP was added at a final
concentration of 10 /mml/l the T4 pol ynuc leotide kinase 20 U at the beginning and 10 U in the
middle of the 60 mins incubation period. In this case the reactions were performed at 0 oC to
eliminate the phosphate exchange accompanying at higher temperatures the T4 polynucieotide
kinase reaction (Okazaki er al., 1975). After the arrest of the enzymatic reaction (Maniatis er al., 1982)
and complementation of the rc,,mmm mixture volume to 200 ul with 1/2 TE buffer, the samples were
extracted with phenol-chloroform and twice with chloroform. The supernatants containing extracted
AMVY DNA separated by centrifugation (Eppendorf, 3414 8} were divided into equal parts and
precipitated in the presence of 1720 volume of 3 mol/l sodium acetate (pH 5.2} with two volumes of
isopropanol at 20 oC {or 24 hrs (further isopropanol preciy nmtmn only). The sedimented precipitates
represented the “masked” AMV DNA samples to be used for further treatment.

Adjustment of “masked” samples for phosphorylation with Lr,mmrm»“} ‘]ATP‘ sedimented precipi-
tates of “masked” AMV DNA were dissolved in 50 gl of cold 0.3 N NaOH, immediately neutralized
with T N HCI and precipitated with 2 volumes of isopropanol, On the other hand, sedimented
precipitates of “masked” samples to be used for exposure of S™terminal hydroxyl groups of DNA at
the I{NA DNA junc sphorylation with [gamma-2P]ATP were dissolved in 50 gl of 0.3
N NaOH, mmlm!fzc‘i for 16 hm at 37 C, cooled, neutralized with 1 N HCI and precipitated with
isopropanol.

Phosphorylation reactions by T4 polynucleotide hirmw with [gamma-“P]ATP of “masked” as well
as of alkali hyd re:)lwwi Wmasked” wmplm were run in duplicates. The end volumes of reaction
mixtures were 25 ul at a concentration of 70 2Ci of [gamma-32P]ATP per reaction mixture. Other
conditions were the same, as already described. In this case, to get rid of non-incorporated 3P, the
enzymatic reactions were terminated by addition of 7 volumes of cold 0.5 mol/l sodium phoxphmc
pH 6.8 and precipitated in the presence of 30 ug of yeast tIRNA per sample by addition of a cold
mixture consisting of equal parts of 100 % trichloroacetic acid (TCA), saturated sodium orthophosp-
hate and saturated sodium pyrophosphate (Weber er al., 1971). Pmmprmtm were collected on Synpor
No. 6 filters, washed ten times with 5 mi of cold 10% TCA, dried and counted in a scintillation
Hequid.

Analysis of deoxyribonucleotide distribution at the RNA-DNA link in single-stranded AMV DNA.
Portions of single-stranded AMV DNA with *H-mTdR radicactivity of 1760 cpm and 4C-UR of 1280
cpm were “masked”, alkali hydrolyzed and phosphorylated as described above. After termination of
the reactions by addition of 2 x4l of 0.5 mol/l EDTA, pII 8.0, the reaction mixture (25 wl) was
supplemented with 10 g of 10X STE buffer, 5 ul (10 ug) of denatured calf thymus DNA dissolved in
172 TE buffer and with water to a final volume of 100 4l and extracted by the phenol-chloroform
procedure. The separated supernatants were precipitat cJ with isopropanol. Sedimented precipitates
were dissolved in 100 yl of STE buffer and the 2P-labelled DNA was s ted from the unreacted
| TN -*3"I’]A TP by spun-column chromatography thmuph Sephadex G 50 (Maniatis er al., 1981).
The cluates were prc\(unmtm with isopropanol. The separated sediments, dried in vacuum and
dissolved in § ul of water, were supplemented with 1€ )/1 [ of the ¢ ion buffer (2) with IMNase 1 (5
ugdand 5 g0 (5 pug) of denatured call’ thymm DINA dissolved in 1/2 TE buffer r, and incubated for 60
ming at 37 oC, Thereafter 2 ul of 1T mol/l glycine-KOH, pH 9.0 and 4 gl (2.5 ug) of snake venom
phosphodiesterase was added and incubated for 45 ming at 37 °C. The reactions run in duplicates,
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mentation pattern with a common peak of glyoxylated native AMV DNA (Brun
and Weissbach, 1978; DePamphilis and Wassarman, 1980) at 6 S. This characte-
rization indicates, as conceded, that the attachment of RNA to DNA in AMV
DNA preparations may be of a covalent nature, as it is in the case of Okazaki
fragments of replicative DNA structures of prokaryotes and eukaryotes (Ogawa
and Qkazaki, 19807

Characteristics of RNA distribution in single-stranded and double-stranded
components of AMV DNA

To answer the question which part of the secondary structure of AMV DNA,
the single-stranded or the double-stranded, is more associated with RNA, we
subjected the AMV DNA double-labelled with *H-mTdR and ™C-UR to
hydroxylapatite chromatography in the presence of formamide (Goodman et al.,
1973). Taking into account the unusual properties of this DNA, we checked,
before using this methodical approach, in separate experiments on single- and
double-strandedness, the AMV DNA material present in each of the eluted
phosphate molarity fractions by S, nuclease treatment. We obtained very well
reproducible identical elution patterns with AMV DNA isolated from three
different AMV core samples (Fig. 5). Here, most (79 %) of the total *C-UR
radioactivity is associated with the single-stranded DNA portion representing
according to 3H-mTdR radioactivity distribution 21 % of the total AMV DNA
eluting from 0.10 to 0.18 phosphate molarity. However, a minor part (21 %) of
14C-UR radioactivity is present also in all fractions of the double-stranded
portion of AMV DNA which elutes in this case, due to the small size of its
molecules ranging from 20 to 900 bp only (Riman et al., 1993), from 0.22 to 0.30
phosphate molarity, in contrast to native E. coli DNA eluting not before 0.30
phosphate molarity (Goodman et al., 1973). A sharp decline in *C-UR radioacti-
vity at the elution boundary betwewn single- and double-stranded AMV DNA

Fig. 5
u. Hydroxylapatite column chromatography

of AMV DNA double-labelled with *H-

. W — mTdR and “C-UR
wooR %‘“ bt ;: \ “‘” Hw Phosphate molarity elution profiles in the
i Ry presence of formamide at 26 ©C,
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Thus, the results obtained here provide the first direct evidence that the RNA-
DNA lmk in single-stranded AMV 1 )NA is of a covalent nature as in the case of
Okazaki fragments,

The second important characteristics of Okazaki fragments in both prokary-
otes ((”)yawa and (}kamkn 1980) and eukaryotes (DePamphilis and Wassarman,
1980) is the representation of the nucleotides at the RNA-DNA junction. ’Ihe
discontinuous XNA synthesis of eukaryates and their DNA viruses that were
intensively studied especially in the last decade (IDe Pamphilis and Wassarman,
1980; Thommes and Hiibscher, 1990; Linn, 1991), in general, do not seem to be
muc,h affected at the RNA- 1)NA Jummmrx of Okazaki fragments or their
precursors, the so-called primer DNAs (Nethanel er af., 1988; Nethanel and
Kaufmann, 1990: Bullock er al, 1991), by sequence spm Enuty since all four
common ribo or deoxyribonucleotides were found to be present at the RNA-
DINA link in replicating DNAs of all so far studied systems. While the in vitro
studied DNA replicating systems allow us to define at the RNA-DNA link the
representation of nucleotides of both types, the in vive replicating DNAs, as is
the case of AMV DNA, allow us to determine at the RNA-DNA junction the
representation of deoxyribonucleotides only. 1sequently, to contribute to this
characterization of Okazaki fragments present in AMV, we analyzed the
deoxyribonucleatide representation at the RNA-DNA link of AMV DNA
molecules represented by the single-stranded portion of AMV DNA double-
labelled with *H-mTdR and "C-UR. In this analysis we applied the methodical
principles previously used in analyzing the same properties of Okazaki fragments
isolated from prokaryotes (Hirose er al., 1973) and eukaryotes (Pigiet e al., 1974;
Kaufmann et al., 1977).

Results that are summarized in Table 2 show that, according to the percent
radioactivity distribution of the 5-terminally 32P-labelled deoxyribonucleotides,
the deoxyribonucleotide nature of the RNA-IDNA link in RNA-DNA molecules
of AMV DNA corresponds, in principle, to properties of eukaryotic Okazaki
fragments because all four common deoxyribonucleotides are represented here
at the RNA-DNA junction. However, the higher dAMP and dTMP representa-
tion found at the § ends of DNA of single-stranded RNA-DNA molecules of
AMV DNA may suggest that the switch of RNA to DNA synthesis does not
appear to be a completely random process, as supposed in the case of an
analogous deoxynucleotide representation observed at the RNA-DNA junction
of single-stranded polyoma replicative structures (Pigiet et al., 1974). But, such
a deoxyribonucleotide representation at the RNA-DNA | mk of AMV DNA
molecules may reflect simply an AT enrichment of these molecules, as indicated
in this paper and, consequently, an increase of probability of switches of RNA to
DNA synthesis at these deoxyribonucleotides. In conclusion, both here presen-
ted basic properties of the nature of RNA-DNA attachment in single-stranded
AMY DNA molecules provide the first evidence for the presence of Okazaki
fragments in AMV DNA, as well as the evidence for their main responsibility for
the anomalous CsCl buoyant density properties of AMV DNA.
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