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ACTIVITIES OF A LAGGING DNA STRAND SYNTHESIS OF
NUCLEOPROTEIN COMPLEXES HARBORING AN

EXTRACHROMOSOMAL DNA CLOSELY RELATED TO AVIAN

MYELOBLASTOSIS VIRUS CORE-BOUND DNA
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Summary. — Nucleoprotein (NP) complexes constituting the material of the postmicrosomal sediment (POMS)
and its three basic components (A, B, C) (Riman and Sulova, 1997a), harboring an extrachromosomal DNA

ability of this material to be intensely labelled for DNA and RNA, respectively. The types of these NA-SAs were
compatible with those significant for a lagging DNA strand synthesis (LL.SS). The use of selective inhibitors and
of the proliferating cell nuclear antigen (PCNA) disclosed a successive involvement of alpha DNA polymerase
(pol) and PCNA-insensitive delta DNA pol in LSS, In this respect, we show gradual changes in the representation
of activities (As) of both mentioned DNA pols in the NP complexes of the individual POMS components. Those
of POMS component C contained alpha DNA pol As only, while a distinct portion of DNA SAs of POMS
component B was represented on expense of alpha DNA pol As by PCNA-insensitive delta DNA pol (epsilon

DNA pol), As which represented practically all the DNA §As of POMS component A. The type of RNA SAs of

this material represented mostly by primase (Pr) As corresponded well with the nature of LSS, An exception was
represented by a minor portion of RNA-SAs of POMS component A which was alpha amanitin-sensitive like
RNA pol II. Moreover, analyzing this natural model replication system, we found that the carbonyldiphospho-
nate (COMDP), a selective inhibitor of the PCNA-insensitive delta DNA pol, was a strong activator of Pr-As
and/or Pr-alpha DNA pol As of NP complexes of POMS component C.
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alpha DNA polymerase; PCNA-insensitive delta DNA polymerase; carbonyldiphosphonate

Abbreviations: AMV = avian myeloblastosis virus; Aph = aphidicolin;
As = aetivitics; BuPdGTP = N*(p-butylpheny!) deoxyguanosine S-triph-
osphate; COMDP = carbonyldiphosphonate; “C-UR = [“Cluridine;
DB = digestion buffer; DNase = deoxyribonuclease; DTT = dithiothrei-

DNA strand synthesis; NA = nucleic acid; NP = nucleoprotein; NP-40 =
Nonidet P-40; dNTPs = deoxyribonucleotide triphosphates; NTPs = ri-
bonucleotide triphosphates; PBS = phosphate-bufferred saline;
PCA = perchloric acid; PCNA = proliferating cell nuclear antigen;
PMSF = phenylmethyl sulfonyl fluoride; pol = polymerase; POMS ==
postmicrosomal sediment; Pr = primase; SAs = synthesizing activities,
SB = solubilizing buffer; spe = small polydisperse circular; RNase = ri-
bonuclease; SDS = sodium dodecyl sulfate; Tris = tris-(hydroxymethyl)-
aminomethanc

Introduction

In our precedent paper (Riman and Sulova, 1997a) we have
shown that the extrachromosomal small polydisperse DNA
present in POMS of lysed CHLMs (Dvordk and Riman,
1980b; Riman er al., 1993b; Korb et al., 1993) and closely
related to AMV DNA (Riman and Beaudreau, 1970) is orga-
nized into NP complexes. The latter form three basic POMS
components (A, B and C) differing not only in sucrose densi-
ties, but also in their properties of labelling for DNA and
RNA. Their DNAs and RNAs, synthesized during the label-
ling period, are by sedimentation and electrophoretic proper-
ties strongly reminiscent of the products of LSS of three suc-
cessive stages. The synthesis takes place evidently on pieces
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of lagging sites of DNA strands of three length classes that
are cut out i the vicinity of replication forks on one hand
and on the other hand m three length distances upstream from
them. By these properties the 1";1«1'0&('1&\/0]\/ double-labelled
NAs of POMS components B and C are closely similarto the
major and minor portion, respe 1iv¢rl~/ of the molecules form-
ing the identically labelled AMV DNA (Rimanetal., 1993b).
This tmplicates that N l’(mmpl«:mwh,lrhmw& uch NAs should
be associated with enzymatic As relevant to LSS, This sug-
gestion 1s strengthened by our recent tmcim;m (Riman er al.,
1995y that AMV DNA bound to /\M'\/ Core 1s
with Pre M r-alpha DINA pol As significant for LSS (Roth,
1987, Here, we show that the NP «,mmf :xes ha hm ing the
extrachromosomal DNA closely related to AMY DINA pos-
sess RINA- and DNA-SAs reflecting quite well the capacity
of the t‘m:%imm ve labelling of this material in the cell with
e Tl and MC-URL Differential inhibition of these As as-
sociated with NP complexes in fractions of the three individ-
vl POMS components with N*-(p-butylphenyl) deoxygua-
nosine S-triphosphate (BuPdGTP), «1;31];&1&01;;1 (Aphy and
COMBYP as well as no effect of PCNA correspond well 1o the
sugpestion that the NP c‘m‘nw‘ exes forming the POMS compo-
nents O, [‘ and A contin As stgmificant for LSS oceurring in
e earhiest stage in P )MM component C and in successively
more advanced stages in POMS components B and AL Unex-
pectedly, 1t was found m this model system that COMDP,
a potent inhibitor of PONA-mdependent delta DNA pol (epsi-
lon DINA pol), 1 uﬁ H’\JA nd RNA-SAS
assoctated with the NP complexes of POMS ccm‘lymrmﬂ -

mmwmu;:d

th it "sﬂH\H} activator

Materials and Methods

Chemicaly. Unlabelied ribonucicoside triphosphates (NTPs),

deoxyribonue Im side triphosphates (ANTPs) and calf thymus DINA
were from Calbiochem. Aphidicolin (Aph) was rmm Sigma Al
pha-amanitin wag fmr Serva, BuldGTP and € MFJ]’ WEre gon-

erous gifts from Dr. I, anl t, Department of Pharmacology, Uni-
versity of v 1‘{%;10“&1 sactts, Medical School, Worcester, MAL USAL
Al other chemicals were of the highest analytical purity,
/(m/umum/msx IMMM Plade nmmw 5 l‘lﬂhﬂf\‘“fhd ¢ (falpha-
PIATPY and [alpha- YT deoxyadenosine- {[alpha-
CPIAATE), 110 THBg/mmole mnh were from Amersham, [Methyls
Hthyrmidine (T TdR, 1.5 )} THag/mumole) and [”(“]miduw
(MCLEIRG T4 1 (‘ilh]/mmmlmMmu hoth from UVVVIR, Prague,
Proteins Dcoxyrnbonuclease (DNase) T (ribonuclense- fra«.m‘,)aml
ribonuclease (RNase) A were from Worthingt
nuelear antiger
the bacterial st

“riphasphate

on, Profiferating coll
VPONAY was punficd (Kramata of af, 1996) from
ratny (Escherichio enfi L 21/DE RY harboring
a plasmid encoding a human PCNA cDNA sequence and l«lmily
provided by Dr. Stillman, Cold Spring
Spring Harbor, NY, USA
/)’/(//m» s buffers, TNI and TR
tis ef al. (1982}, Solubilizing

Harbor Laboratory, Cold

;1o Mania-
y huffer (‘Ml) prepared (1(‘,&;«;):«111)“, 0

were aceordimg

Weber et al (1973 was enriched i
fonyl fluoride (PMSF). Hepes buffe
nan ef al. (1989).

Cells. Chicken leukemic myelobl
edaina cell suspension as described ear
1970: Riman and Sulovi, 1997a).

Radioactive lubelling. Cells (5 — 8§ x 107/m1) in 60 — 80 ml of
medium were double-labelled with 'H-mTdR (1 - 4 MBg/ml) and
MCLUR (94,7 kBg/ml) for two successive 7 hr periods (Riman ef
al., 1993a).

Source for studying enzymatic 4s of NP complexes forming
POMS material Th POMS matenal present in the
individual fractions of an equilibrivm sucrose density ;*md‘a*m ‘
which the POMSE material of lysed CHLMs was separated o I -
senibed previously (Riman and Sulovd, 1997a).

Separation nf/xm!s,,lm from NF complexes of the POMS mare-
rial. After ditution with SB without detergent the peak fractions

VLT mmol/l phenyimethylsul-
er was used according to Tala-

asts (CHLMs) were cultivat-
@r(R man and Beaudreau,

¢ source was the

of the mdividual POMS com mmmw were centrifuged at
F80000 % g a Beckman SW 41,0 rotor for 22 hrs at 2°C. The
imdividual gwl‘lam Were gen itly mixec i at 0°C mr 30 mins with sol-
ubihiz mm buffer i) (Riman er al, 1995), Then, alic iquots of thi
suspension () - 2 of protein) were run according to W sber ¢ m/
f}/%} sopyenic § h;xmd ents (starting density of 1.40 g/em’) at
2 send m} g 9.
dssav I for DINA-S ,»M Reaction mixture {R ) contained
0.0 }» mol/d Tris-HCpH 8.1, 0.005 nm} IMgCl, 4€ mol bM 1

1T
0.2 mmol/l dithie k eitol (DTT), 40 pmol/l mmﬁmlh.,i dGT
dCTE dTTE each, 2 pwmol A ATP, 1.5 uC [alpha-“PIdATE, 0.0
Nonidet P-40 (NP n»ML Vb ghycerol, and 30 pl o
tion used for ru’wt‘m
Adssey 2 for RN

“ﬁ“/o
of gradient frac-

1-SAs. Reaction mbpaure (1€
(Hlf mol/ Tris-HC }M‘I 72,001 mol/iMgSQ,, J() mmol/F DTT,
0.05% bovine serum albumin (BSA), )M'?/n NP-40, 40 pmol/]
unlabelied GTP CTP and UTP cach, 2 pmol/t ATP 1.5 uCi
[alpha-“PIATP, 1% pl of gradient fraction.

)y contained

o glycerol, and 30
Assay 3 for studving the ur/?m,ww of COMDP on DNA-Sas.
ction mixture (100 ; i) contained 0.075 m H Hepmq 0.01 molh
1

:CL 001 mol/l KCHpH 7.5 (ad ]uxku Wi H, 40 pmols
undabelled dGTE ACTP and dTTP cach, 6 pmic Hmmmﬂ d dATP,
1S pCi[alph } - ”E’E dATP, 0.5% NP-40, ﬂm glycerol, and 15 pl of

gradient fract (200 ulby.
Assay 4 fm m tection of Pr-
wie pradient fractions containing proteins separated from POMS
componeats. Reaction mixture (50 pb) contained 0.05 mol/t Tris-
HCEpH 7.2, 001 mol/l MgSO,, 0.1 mu HUE 1 IXTT, o BSA,
O.1% NP-40, 18 pnCr falpha-"PIATPE, 022 pg poly(dD), and an
aliguot (7.5 ply of CsCl gradient 1r‘mm .
Inactivation of reactions using the endaogenows template DNA
was accomplished by DNase (40 pg per 100 pl of the reaction
mixture). For activation of the enzymatic As, calf thymus DNA ac-
tivated (Maniatis e wf, 198 ‘) and thermally denatured was added
inan gmount of 10+ jug per 100 pl reaction mixture. Concentrations
of 10 pmol/land 10 w;/ml(‘)f"l&lll"c‘!(‘}’l‘ *and Aph, respectively, were
used according to Nethanel er al, (1988), COMDP (50 pmol/T} and

{5 in portions of the CsClisopye-

PONA (330 ng/50 1) were u‘ml (l\mnm aetal, 1996).
LEstimation of enzymatic As. The reaction mixtures incubated
for 30 mins at 37°C were pmca:smd for estimation of the radioac-



RIMAN, I., & SULOVA, A.: ACTIVITIES OF NP COMPLEXES RELATED TO AMV 75 DNA 195

tivity as described previously (Riman ez al, 1993a). "H-mTdR and
HC-UR radioactivity incorporated into acid-insoluble material that
was precipitated and collected on Millipore filters was measured
in toluene-based scintillation fluid, while that of [alpha-"P]dAMP
or [alpha-"P]JAMP incorporated during the reaction period was
processed similarly and estimated on the basis of the Cerenkov
effect, using a Beckman spectrometer LS 6000 SE.

Results and Discussion

DNA-SAs associated with POMS material

The DNA and RNA double-labelled POMS material sep-
arated from lysed CHLMs by isopycnic sucrose density gra-
dient centrifugation into three POMS components (A, B and
C) (Iv{imzm and Sulova, 1997a) was tested for DNA-SAs.
Portions of each gradient fraction were subjected to Assay 1.
The gradient distribution of [alpha-**P]dAMP radioactivity
incorporated during the reaction into the acid-insoluble
portion of POMS material is depicted in Fig. 1 on the back-
ground of the gradient distribution of ‘H-mTdR and
“C-UR radioactivity incorporated during the period of la-
belling of the cells for DNA and RNA. As evident, the POMS

material possessed DNA-SAs most expressed in the NP
complexes forming the POMS component B which were
also found to be most labelled for DNA during the double-
labelling of the cells. This implicates, consequently, that
a DNA synthesis took place inside the NP complexes of
POMS material and, using its natural endogenous DNA tem-
plates, was accomplished by the relevant associated en-
zymes. In contrast to *H-mTdR, the profile of [alpha-
“PJdAMP radioactivity revealed two distinct peaks indicat-
ing the occurrence of two populations of NP complexes with
pronounced DNA-SAs. Such a characteristic of the distri-
bution of these As was quite frequent, but not constant, and
seems to reflect differences in POMS material separated
from different stocks of cells (data not shown).

Natural endogenous templates of DNA-SAs of POMS
material

DNA-SAs associated with NP complexes forming the
POMS material used as natural templates the DNAs har-
bored in NP complexes, i.e., the small polydisperse extra-
chromosomal DNAs. This was indicated by a marked de-
crease in DNA-SAs when they were tested in the presence
of DNase [ in the reaction mixture of Assay 1. Fig. 2 gives

£
i

-4

H
H

{-} *H-mTdR incorporated cpm x 10°¢
{--}1¥C-UR incorporated cpmx 102

i
+

fractions

Fig. 1
Comparison of the distribution of *H-m'TdR and “C-UR-radioactivity of the double-labelled POMS material and its DNA-SAs
(¥P-radioactivity) in an isopycnic sucrose density gradient
Arrows A, B and C indicate the positions of the peak fractions of POMS components A, B and C, respectively. Separation of the radioactively double-

labelled POMS material was accomplished by isopycnic centrifugation in a lincar 6(

20% sucrose density gradient at 147,000 x g for 21 hrs at 4°C.

DNA-SAs (thick continuous line) in the individual gradient fractions were estimated in the absence of the exogencous DNA template by the Assay 1.






RIMAN, .. & SULOVA, A.: ACTIVITIES OF NP COMPLEXES RELATED TO AMV 7 S DNA 197

1
T

[+
! L

7 talpha-32P)dAMP incorporated cpm x 10°9)

N
™
= 5
= -
£ »
8 Mk 1
3| 1
2 |
224 % L2 ‘|.‘,.x,.1
2 8 10 13 17
g 5 fractions
£ Q
z |,z
£ '3
A R A oL
FR R S
z | I
/
/
7
N t;// s L et
Y T T T
4 10 . 15 20
fractions
Fig. 4

Search for As of delta DNA pol class among DNA-SAs of the POMS material
Fractions of the same gradient of the scparated POMS material (sce Figs. 2 and 3) were tested in Assay 3 in the abscnce of the exogenous DNA
template (continuous thick line), in the presence of the activated and denatured DNA template (o) and after addition of COMDP (50 pmol/l) to the
reaction accomplished with activated and denature DNA template (®). For comparison, this figure depicts also the gradient distribution of *H-mTdR-
(continuous thin line) and “C-UR-radioactivity (broken thin linc). Insert: the distribution and cxtent of DNA-SAs expressed in reactions (Assay 3)
with addition of the activated and denatured template DNA (o) and in the presence of activated and denatured template DNA and the PCNA added in

the amount of 330 ng per reaction (broken line).

a comparison of the gradient distribution of [alpha-
SP]JdAMP radioactivity resulting from the tested untreated
and DNase I-treated samples of POMS material present in
the individual gradient fractions. The DNA-SAs increased
in the presence of'the complete set of ANTPs and after addi-
tion of the activated denatured template DNA to the reac-
tion mixture (Fig. 2, insert).

Influence of BuPdGTP and Aph on DNA-SAs of POMS

material

Inhibitors recognizing, first of all, the As of a Pr-alpha
DNA pol enzyme complex (Gronostajskier al., 1984) signif-
icant for the early stages of LSS (Bambara and Huang, 1995)
were used to identify the DNA pol types that are responsible
for DNA-SAs associated with NP complexes forming the
POMS material and to distinguish them from the other types
of DNA pol belonging to the alpha family that are responsi-
ble for DNA replication in animals (Wang, 1991). To this

end, we tested the DNA-SAs present in selected fractions of

the individual POMS components separated by isopycnic
sucrose density gradient centrifugation with BuPdGTP,
a selective inhibitor of alpha DNA pol As (Lee et al., 1985,
So and Downey, 1988) and Aph, which acts in various con-

centrations differently on alpha DNA polAs on one hand and
on those of delta (or epsilon) DNA pol on other hand (Bas-
nakian et al., 1989). The results obtained are depicted graph-
ically in columns indicated by vertical arrows above the rele-
vant gradient fractions in Fig. 3. As evident, maximally -
hibited with BuPdGTP (by about 60%) were the DNA-SAs
present in POMS component C (see the peak fraction of “C-
UR radicactivity). In contrast, the DNA-SAs present in this
fraction were practically not inhibited by Aph in concentra-
tions used. This suggests that in NP complexes forming POMS
component C we deal with enzymatic As significant for very
early stages of LSS represented by the As of'a Pr-alpha DNA
pol complex that are relatively highly resistant to Aph (Neth-
anel et al, 1988). These As are considered responsible for
synthests of the Okazaki fragment precursors, the DNA prim-
ers (Nethanel and Kaufmann, 1990). Consequently, these find-
ings strengthen also our suggestion that the sedimentation
and electrophoretic properties of the radioactively double-
labelled NAs of POMS component C are strongly reminis-
cent of the products of very early LSS (Riman and Sulovd,
1997a). In comparison to DNA-SAs of POMS component C,
those of components B and A revealed a gradual decrease
and increase in sensitivity towards BudGTP and Aph, respec-
tively. The Aph inhibition of DNA-SAs present in the peak
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" \ of COMDP (b), They increased more t}mr rwice after addi-
! % tron of the three common unlabelled NTPs (¢) and furthe
i 4 v § i about five-fold after addition of f,'UVﬁU]” (dy, These resu I
Yol - show clearly that COMDP activated even more strongly the
E - 4 RMNA-SAS, pw sent in POMS component C and belonging
2 & : o Pr-As, than DNA-5As as will be demonstrated below as
| well as «‘:Ie‘;m‘?mm Riman and Sulovd, 1997¢). An explana-

B £

.

&
i
£
=
PIAMP incorporatsd opm
= \
//
e
—
S
-
o

fractions

Fig. 7
Pistribution of RNA-SAs in POMS material radioactively double-
fabreted for DINA and RNA and separated by Bsopyenie suerase

(hmi Iy ggk‘mliuw 39 nwif‘emmimr
"""" ed m Assay 2 parallels closcly
the gradient distrthution ¢ r‘) ( «lwﬂwmdx activity (broken thin lme) of the
POMS material. A continuous thin hine designates as previe wm\y the

distribution of HeomTdReradioactivity of the POMS material

The gradient profi

ponent C Gsuerose density 11O gemyis depieted m Prg. S,
It also mew; that even ¢ ten-fold higher concentrs
COMDP (500 pomol/l sull exerted an activation
thou by half. The influence of various concentralions
of COMDP on stimutation of DNA-SAs present in the peak
fraction uf POMS component C are shown in the msert in
Fig. 5. The stimulation f POMS DNA-SAS with € ()MR P
5eems 1o u'&‘timu i activation of alpha DNA pol As.
the latter are in Ammw em; ratively it
DINA Pr-As (Roth, 1987), we decude
the influence of (,“()MI‘ Pon
present, as suggested
POME material,
Assay 2 the occurrence of RY h nee ¢

COMBDP on them in portions of the ! H ri ‘B wm*nl\rtty
peak fractions of POMS component WA and C (vertical ar-

efteet even
b Ru 45

Simee

ightly :mmmmmd with
d 1o test
RNA-SAs of
d Sulovd,

directly also

the Pronature
I‘)‘)"ML m the
tively }

f (Riman an
To this end, we

rows A and T3, respectively, i the msert in Fig, ) i‘ig_ 6A
shows the Iww? of RNA-SAS present in H e peak fraction of
POMS component AL T general, these As were low, regard-

less of whether they were cxpressed il
“‘)h'l«“!’i/\‘l’\l" only Gy and with added COMDE (by, or i the
presence of Talpha-"PIATE and the other three common
unlabelled WTPs (¢), and with added COMDP (d). In con

trast, the RNA-SAs present i the peak {POMS
4‘()11);‘)(”1(‘[”(‘(‘}9 ()I‘;) were pronounced already m the pres-

ence of falpha-"PIATE only (a), These As (relleeting initi-
ation of IRNA synthesis) rose qhuu ve-Told after addition

e presence of ol

k fraction of

tron of

tion of this phenomenon seems to be important for better
understanding of the cooperative fu rwmvmm of both DINA
pols suggested as engapged in LSS (Nethanel and Kaufmann,
1990), The lughly selective inhibition mt a PONA-nsensi-
tive delta E;),w/% pol As M COMDP was mpimw d (Talanian
et el WWHW competition of COMDP with dNTPs for the
active enzyme sitels), In contrast, As of m; Pr-alpha DINA
pol comp Iw were found twenty tmes less sensitive to the
nhibitory i M uenee of COMDP (Tulantan er af., 1989}, and
no direct activation of one of the components forming this
CNZVINe ccrr'r‘l‘mu‘m was recorded. Howewver, the authors cited
above have stu died the influence of COMDP on 1solated
enzyn g mostly synthetic templates. Thus, the be-
haviour of the isolated DINA ][ml\ may differ from that of
these enzymes mts‘wll_‘v organized into NP mm{ slexes (Ba-
snakian e af 1989, Such a siwation may occur in POMS
NP complexes that are micromorphologically strongly rem-

miseent of highly specialized NP }\mﬁ el ).

ey

(R

structures (

Stokrovit, personal communicationsy des ont orl-
gins of repheation as shown i the case of bacterial W;‘Mm
cating NP complexes (Dodson ef @l 1986), the micromor

ogy of whi

phol ch reflects multiple DNA-protein and pro-
tein-protein interactions (Echols, 1986} An analysis of the
products of NA-SAs expressed in the presence of COMDP
could contribute to the elucidation of the mode of stimula-
tion of DNA- and RNA-SAs of POMS compoenent C repli-
cating systems,

Characteristios of RNA-SAs of POMS material
In precedent sections of this paper we have shown that
the POMS material was associated with DNA-SAs. the
pradient distribution of which paralleled that of the radio-
active "H-mTdR DNA label. In experiments shown in
Fig, 7 the POMS mat h RNA-
M/\ o, the gradie ralleled accord-
ily for a ulmr ge the gradient bution of the radio-
a ‘m e ‘% SURCRNA Tabel of this material with common
peaks of RNA-SAs and “C-UR radioactivity at a suc
density of 1.21 (component A) and 1108 g/em' (compo-
nent ), respectively. T contrast to the extent of "C-UR
radiogctivity associated with components A and €, the
RNA-SAS associated with component € were always higher
than those :ewwinw 1 with component A, Charactenstics
of RNA-SAs of POMS material were obtamed in the fol-
lowing way. Portions of the gradient fractions of radio-

erial was also associated wit

t distribution of which pa
distrib

FOse
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of which are short pieces of an extrachromosomal DNA cut
out evidently from lagging sites of prhmtm;, r chromosom-
al DNA strands as suggested earlier (Riman and Sulova,
1997a). In connection with the minute replicative structures

representing AMY DNA (Riman et al, 1993a,b), ongnmb
ing from NP complexes of POMS components B and C (Ri-
man and Sulovd, 1997a), the findings presented in this pa-
per implicate that the AMV core NP complexes should con-
tain besides the Pr- and Pr-alpha DNA pol As (Riman et al.,

1995) also epsilon DNA pol As as well as other specialized
proteins significant for initiation of DNA replication.
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