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FABACTP wus found 10 be a subsirale of DNA polymerization calnlyzed by a DNA polymerase a—-DNA primase complex on the 5-GTGAG-

TAAGTGGAGTTTGGCACGAT-3 template and 3-CTCAAACCGT-5" primer. Aller compleie primer extensian in the presence of FABACTP

under UV-irradiation of the reaction mixture, 70% of the lemplate was covalenily linked 1o the primer. Labeling of the 165 kDa subunit of the

DNA polymerase @, 59 kDa and 49 kDa subunits of the DNA primase and un unknown protein with apparent moleculur weight of 31 kDa was

observed. By another way ol protgin labeling FABACTP was covalently boun (e the subunits of the enzynie under UY irradiation and then Lhis

moiely was inlreduced into the 3-end of the -[*P]primer by the catalylic activity of DNA polymerase or DNA primase. in this case covalent
labeling of the 165 kDu, 49 kDa and 31 kiZa subunits was observed

DNA polymerase & Photoaf{inity modificalion

1. INTRODUCTION

A complicated netwark of interacting protein factors
and enzymes is required for DNA replication [1]. Re-
constitution of the 3Y40 DNA replication system de-
mands at least two DNA polymerases (x and J) and a
number of replication factors (RF-A, RF-C, PCNA,
SV40 large tumor antigen and topoeisomerase LI) [2-4].
All these proteins act cooperatively in replication fork.
A multiprotein complex with molecular weight of 640
kDa has been isclated {rom the HeLa cells. This com-
plex contains DNA polymerase o, DNA primase, 3°-5
exonuclease, Ap,A binding protein and primer recogni-
tion accessory proteins C2 and C3 [5,6]. It is very likely
that specific protein—protein interactions of compo-
nents in this multiprotein cornplex determine the speci-
fieity and efficiency of DNA replication.

We believe that for identification of the functional
relutions among proteins in the replicative machinery
new specific tools are required. FHere we have used base-
_ substituted ANTP with highly reactive chemical groups
reacting both with proteins and DNA. These analogs
are substrates of the DNA polymerase.

2. MATERIALS AND METHODS
Immunoaffinity-purified DNA polymerase -DNA primase from
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human placenta with specific activity of 30,000 Uing was oblained as
described in {7]. Polynucleolide kindse and dNTP were fromm NIKTI
BAY (Russia), MgCl, from Marck, [¢-""PJATP (spec. act. > 100 PBg/
mol) from Izotop (Russia), ather reagents were of analyticul grade,
Synthesis of the 3-GTGAGTAAGCTGGACTTTGGCACGAT-Y
template and the 3-CTCAAACCGT-3 primer was performed ac-
cording 10 [8]. Synthesis of exo-Nf2-(p-szidotetrailucroben-
zamido)ethyl)}-deoxyeylidine-5-triphosphate (FABICTP, Fig. 1) was
described in 19). **P-labeled oligonucleotides with specific activity of
1.3 = 10" cpmimol was obtained using polynucleotide kinase.

The reaction mixture for the DNA polymerase assay (10-30 ul)
contained 50 M Tris-HCl bufler (pH 7.5). 6.04 M KCl. 0.005 M
MzCly, | 4M 5“CTGAGTAAGTGGAGTTTGGCACGAT-3 tem-
plate, 1 4M 5-“P-labeled 3-CTCAAACCGT-5 primer, 10 4M
FABACTP. The reaction i DMA synthesis was carried out a1 30°C
and staried by the addition of the 30 unit uct. of the DNA polymerase
x-DNA primese complex, Predugts of 1he primer extension were
analyzed by elecirophoresis in 20% acrylamide gels in the presence ol
B M ures.

Modification of DNA polymerase & and DNA was done by irradi-
ation of the reaction mixture by {iltered light of a high-pressure mer-
cury lamp (energy 2.5J - em™ - ¢™") for 1.5 min a1 303-365 nm. After
UV-irradiation 19 SDS was added. The assay mixture was snalyzed
by electrophoresis in 109% acrylamide gels according to Laemmli {10}

3. RESULTS AND DISCUSSION

It was shown earlier that FABJdCTP is a substrate lor
the DINA polymerization reaction catalyzed by HIV
reverse transeriptase on M13mpl8 and M13mpl10 DNA
templates [#]. In the present work we found that DNA
polymerase ot uses FABACTP instead of dCTP (Fig. 2).
The efficiency of the primer extlension was the same as
when dCTP at the same concentration (10 M) was
nzed,

After complele primer extension and UV light irradi-
atien of the reaction mixture, the primer was covalently
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Fig. |. Structural formuls of FABACTP.

attached @ he teamplate which cavsed a shift-up of whe
radipactive band on the ¢lectrophoresis {Fig. 2). As a
result 70% of template was modiiied.

After irradiation of the enzvme with the FABACTP
fellowed by incubation of the mixture with the template
and 5'-[Plprimer, labeling of the 165 kDu. 49 kDa and
31 kDa subunits was observed (Fig. 3). All of these
proteins were nol Jabeded when wsing UY-gh preirra-
diated FARGCTY. Thrse obwriams SEVLEl SWRPRTL
the suggestion that the FABdCTP moiety covalently
bound with the proteins was included into the primer
chain through the catalvtic activity of the DNA polvim-
erase 1 oF DNYA primase, Labpding of e 5% xDa subp-
unit of the DNA primase was found when the cnzyme
was UV-irradiated with completely elongated primer
(Fig. 3). In the present case the reason for labeling of
the enzyme subunits is association-dissociation of the
lemgrate-primer Gugiex wiln the enzyme. ‘Ldodiing ot
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Fig. 2. Kinetic elongation of the 3-CTCAAACCGT-5 primer with
the §-GTGAGTAAGTGCAGTEITGSCACGAT-Y templale by
DNA polymerase a-DNA primuse in the presence of FABJCTP; lane
L. 0 min: dane 2, 30 aua; koe 3, 60 ai; desse 4, 120 i tuse 3, 130
min; lang 6, eleclrophoretic patterns afler preincubaiion for 180 min
with termplate, 5’-"*P-labeled primer and FARACTE with DNA polym-
erase a~INA primase followed by UV light irradiziion of the reaction
mixture,
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Fig. 3. Cross-linking of the DNA polymerase @-DINA primase with
the 3**P.labeled primer in (he presence of FABICTP: lane 1, DNA
polymerise  prelncubated  with  template,  3-[PPlprimer, and
FABACTP; lune 2, DNA polymerase preincubaled with the template,
5-[*Plprimer, and UV light irradiated FABICTP: lune 3, DNA
poiymerase  itcubared with tie  (emplate, $>P*Piprimer, and
FABJCTP fallowed by UV light irradiation: lane 4, DA polymeruse
ITAOLNR0 with The 1empiate, 5 Piprimer, 32 TABSCTY 22a subse-
end eculaddan: e 5, DPVA. qalyiecist irondiaiemd s, t o
plate and FABACTP with the subsequent incubation in the presence
of the 5-[“Plprimer; lane 6, DNA polymerase irradiated with
FABJCTP and with subsequent incubation in the presence of the
temnlate god 8- Pladimer. Lanes 7 angd £ arp the sams 25 lanss 3and
b, Tegeriivily, wWith b Shoner taposure. Lane . shver-suined TAYA
polymerase a-DNA primase. Molecular weight markersare on the lefl
and apparent moleculay weight of the proteins found in the prepara-
tion of the DNA polymerase -DNA primase are shown onthe right.
The incubation time was 3 h,

the 59 kDa subunit was not detected and labeling of the
49 kDa subunit decreased ten times at short time of
preincubation of the enzyme with the template,
[**Plprimer and FABACTP before UV light irradiation
(less than 15 s, when less than 1% of the primer was
extended). In this case labeling of the enzyme can be
effected in two ways. FABACTP moicty bound to the
proeins is included into the primer chain through the
catalytic activity of DNA polymerase a or DNA ri-
mase (catalytically competent labeling). Alternatively,
the extended primer is covalently bound to the 42 kDa
subunit without dissociating from the enzyme. Labeling
of the 49 kDa subunit decreased another ten times when
the enzyme was irradiated with FABACTP in the pres-
ence template and subseguent incubating of the mixture
with the 5-[**Plprimer. We suggest that catalytically
commpetent labeling of the primase oceurs with relatively
low efficiency and the main reason for labeling of the
49 kDa subunit in the previons ease is covalent binding
of the primer synthesized in situ by the DNA polym-
erase. Based on this we assume that, unlike the 59 kDa
subunit, the primase 49 kDa subunit should have a
confact with the 165 kDa subunit DNA polymerase
near site binding of the 3-end of the primer.

Labeling of the 165 kDa subunii does not change
dramatically whether the labeling occurs via enzyme
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association with the photoreactive primer or by means
of catalytically competent labeling (Fig, 3).

Classical preparation of the immuno-purified DNA
poivinerase o comams a famdy of caxayie supuwmis of
DNA polymerase from 180 to 120 kD, a 72 kDa sub-
unit with unknown function and 59 kDa and 4% kDa
primase subunits [7). However, we here isolated a DNA
polymerase a which contained an additional low molec-
ular weight protein of 31 kDa. Labeling of this protein
was detected in all cases. This is a strong argument
agamsy ¥0is prolen veng Nol AN oCcAsond) contamma-
tion, I: can be either a proteolysis product of a DNA
polymerase catalytic subunit or a subunit of one of the
PCPARRATYD TRANS TR with BN polyRRTER %.
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