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The K, amt ¥, vilues for a set of primers: d(pTY, (pPCY (pT),, (4=3-9, m=0-7) and d(pT), (pCpG), (pT), (A =1-5) have been estimated. Poly(dA)

wirs usedd s o teapliste, The number of complementiry bises from the 3 end to a noncomplementary oncs was shown to determine the efficiency

of internction of ApTY, (PC) (pT),, with the Klenow (rugment. Oligonucieotides d(pT), (pCpGli (pT),, in solution forming duplexes containing

huirpinslike elements, show a higher affinity o the eneyme than control d(p T, dApTy nad KpT), (PC) (PT),, pritiers, For example, the A, value

(1.1 aM) for d(pT), (pCpQ), (pT), is about 14,000 and 200 times lower thun those for d{pT); and d(pT),. respectively. Possible reasons for such
an sbnormntly high affinity of the above primers are discussed,

Klenow fragment; Pruner: Abnormally high alfinity

. INTRODUCTION

The mechanism of binding and clongution of homo-
and hetero-oligoprimers in the case ol FK and other
polymetases has been investigated [1-8]. The enhanee-
ment of the homo- and hetero-oligonuclectide primers’
affinity {or the enzyme due to one Watson-Crick hy-
drogen bond between completentery template and
primer is by a factor of about 1.35, This altows for the
calculation of the K, values for primers of various
structure and length up to 10 units [8]. The objective
laws of the K|, and V. values changing for primers
containing 11--25 nucleotides were analyzed.

A comparison of the K, and V,,, valucs of the
primers complctely complementary to the template or
containing non-complementary bascs at difterent posi-
tions from the 3" end in the polymerization reaction
catalyzed by DNA-polymerase 1 from £. coli, human
DNA-polymerase a. DNA-polymetase from Sulfolobus
acidocaldarius and AMV reverse transcriptase was
carried out [49,10]. The number of complementary
bases from the 3" end to a noncomplementary nu-
cleotide was shown to deicrmine the efficiency of the
interaction of such primers with the enzyme. This papcr
presents data on the affinity and rate of elongation of

Abbreviations: FK, Klenow fragment of £, coli DNA-polymerase 1
Foo Vo initial and maximum rates of polymerization reaction, re-
spectively,
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d(pT),. d(pT), (pC) (pT),, primers in comparison with
oligonucleotides d(pT), (pCpG)y, (pT)y which, in solu-
tion, form duplexes containing hairpin-like clements.

2. MATERIALS AND METHODS

Electrophoretically homogencous FXK with o specitie activity of
6 % 10" Uing was obtained according to {11 polytdA), dTTE were
from NIKTI BAV (USSR). BSA from Koch Light, MgCly from
Merck, [PHIITTP from lzotop {USSR). Other compounds were of
analytical grade.

The synthesis, characterization and methods of purification of the
oligonucleotides have been reported in [1-4)

The polymerase activity of FK was determined at 30°C [8). The
reaction wixture (S0-100 ul) contained S0 mM Tris-HCE bulfer (pH
7.5% 0.3 mp/ml BSA, 30 aM EDTA, 6 mM NaF, 0.4 4 /ml pelvidA),
15 aM [HIATTP (2-20 x 10™ Bq/mol), 2.5 mM MgCl,. 3 mM KCl.
and one of the primers. The reaction w+ . start ¥ by adding 0 5100
Uil FX. The reaction was further carried out @ ou LY 4d

The K, and ¥, values were determined according 1o Eisenthal and
Cornish-Bowden {12). Errors in K, and ¥, were within 20-30%.

3. RESULTS AND DISCUSSION

The optimal conditions for the copying of the
poly(dA) template and for NaF as a sclective inhibitor
of the 3"-5-exonuclease activity of FK were used {8].
According to [13,14]}, the K, values for primers deter-
mined using initial rates of the polymerization reaction
under the above described conditions negligibly differ
from K. This allows for using the K, values as a meas-
ure of the affinity of primers to FK. The dependence of
—log K, (—4G") vs. the number of the d(pT), primer
nucleotides (1) is linear up to P=9-1:
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g, 1. The dependencizs of initial satow of the polymerization reaction
as a function of concemeation of Ep T (determinationof K and ¢,
valugs)

K.,tm=" (l)x |8

where K., (1) s K, for STMP (2=1) and 1.82 is a factor
of the affinity enhancement with the increase of primer
length by one nucleotide unit (2,5-8]. The dependencics
of the initial rates of the polvmerization reaction as a
function of concentration of d(pT), and d(pT), (pO)
(pT), primers are shown in Fig. 1. The K, and V|
values for all the primers investigated are given in
Tablel. In all cases the K, and ¥, wval
ues for inexact d(pT), (pC) (pT),, primers depend on the
position of a noncomplementary nucleotide n the
primer chain. The K, values for d(pTk (pC) (pT) and
di(pT). (O tpT) are approximately the same as for
HpT)r (pl) (pT)h and (dpT.. A simiiar situvation 1s
observed for the ¥, ve uwes. The affiniies of &ipTy,
{(pC) (pT)s and d(pT), (pC) (pT); do not ditfer from
d{pT), and d(pT),. respectively. These data corrclate
well with analogous results for human DNA-po-
lymerase a. archaebacterial DNA-polymerases and
AMY reverse transcriptase {4.9.10]. The primer’s unit
noncomplementary to the template obviously disturbs
the interaction of the primer’s 5° end part with the
template.

Only the 3° end of primers interacts with DNA-po-
lymerases [2.5-8). All other nucleotide units of the
primer intcract only with the template. The K, value for
d(pT), (pC) is higher by a factor of 60 than that for
d{pT),,. Such a decrease in the primer affinity was
supposed to take place not only duc to the disturbance
of the complemeniary interaction of the incorrest 3-
terminal nucleotide with the template, but also due to
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Fig. 2. The dopendencies of initial rates of the polymerization reaction
as a function of consontration of dipT), (pCY (P,

a decrease in the efficiency of formation of an elec-
trostatic contact and hydrogen bonds betwoen the ¥
cnd and the enzyme [4.9.10] Obviously, the above con-
tacts are not completely destroved  because without

TFable |
The K, and ¥, values for various primers

Primer (8 — I K" taM1 Relative values of
Frd® t%)

dpTy bt an
pTx (prip T I8.0 18
ditp ). (pOY}, (pTY LK) o
dipTr (pCy pT. 1A 0 15
Mot t: o
i s <41 o
dipTh (pOy (pT 5.0 T8
dipT) 1.3 S0
dipT) 05 90
HpC (pT t.3 0
HpOhs (pT) 80 97
dipT) (pC) (pT) 1.3 90
dipTho** 0.22 100
AP, 0.20 100
dip, (pO) 120 183
dipTh, (pCpGh (pT), i33 3
dipT), (pCpG): (pT), 0.69 0.47
dipD. (pCpGh (PT 0.027 043
dipT), (pCpG);s (T, 0.0062 0.51
aipCpGL (071, 0.0035 054
dipTy, (pCPGE i 0.0011 0.54

*The K and ¥,__ ~ualues were determined 3-4 times. Ervors in K, and
¥ .. were within 20-4€ &.

**The initial maic e polvidArdipT),, was taken as 100% 6.7 x 10*
cpm/min).
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them the primer affinity must deerease by approxi-
mately five orders of magnitude {4.9,10),

Similarly to inexnct d(pT), (pC) (pT),, primers, the
affinity of d(pT), (pGpG), {(pT), primers to FK could
be significantly reduced. However, in contrast to the
former primers, the K, values for (pCpG), s-containing
oligonucleotides are tower by a fuctor of 20-450 than
that for d(pTh. A compurison -of the alfinity of
d(pCth (PT)y and d(pT), (pCpG)y (p‘l‘), for FK rerves
a8 evidence for the absence of the enzyme interaction
with the $%end d(pT)sunit ‘of the latter oligonu-
cleotides. Sell‘-complemcntury oligonucleotides d(pT),
(pCPG)y. 4 (pT), Torm in solution duplexes with hairpin-
like elements,

8 = (p' -y
), /(PT)4
(pCeQ ),

L] .

{ 6“&”\@%
" / ‘ . W ‘l
; -(Tp)4 ('1m4-

The melting points of such duplexes [15.16] are higher
than the temperature (30°C) at which the polymeriza-
tion reaction was carried out, Taking into account this
fact, it could be expected that open hairpins of such
duplexes form additionnl contacts with the enzyme, The
formation of the above contacts must icad not only to
an increase in the primer atlinity but also to o decrease
in the maximum rate of the polymerization reaction,
Therefore a decrense in the V,,, values for (pCpG), -
containing oligonucleotides by a fuctor of 830-1250 in
comparison with d(pT), also speaks in favour of the
above suggestion,

Thus, for the first time we have shown a possibility
of priming the DNA synthesis by oligonucteotides con-
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taining hairpin-like clements. The scll~<complementary
oligonucleotides investigated have an cxtremely high
affinity to FK,
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