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Effect of Sequence Variations within DNA Melting

Region on the Rate of Formation of Open
Complexes at AP, Promoter
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Deparirnent of Microbiology ( college of Natura! Sciences
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ABSTRACT: To examine the effects of sequence variations near the transcriptional start site on the
rate of formation of the open complexes at bacteriophage A P promoter, two mutant promoters were
created by site-specific mutagenesis using synthetic oligonucleotides. Mutant 1 contains changes at posi-
tions -3 and -4 from TT to CC, thus having a 6-bp long G/ C stretch between - 10 region and transcrip-
tional start site (+ 1). Mutant II has changes at positions -5 and -6 from GG to AA, thereby having a
9-bp long A /T stretch between positions 11 and - 3. Selective filter hinding assays were performed to
measure the rate of formation of the open complexes between the wild-type or two mutant Py pro-
moters on 664 bp fragments and £. cofi RNA polymerase at two temperatures. At 37°C, the wild-type
and two mutants showed similar rates for the formation of open complex. The second order rate cons-
tant &, and 7, as determined from the r-plot analysis, were 6.0+ 0..4) x 10 M-Ysec and 11 + 5 sec,
respectively. At 18°C, however, the wild-type and two mutant promoters showed differences in the
kinetic parameters. k, for the wild-type promoter was (2.2 + 0.1) x 10°M-sec-Yand 7, was 76 + 5 sec.
Mutant I and 11 exhibited differences mainly in the rate of isomerization (Tipe s = 91 £ 10 sec,

i1 = 34 £ 7 sec), whereas the second order rate constant k, was similar to the wild type value. This
result implies that at 18°C, the isomerization rate is determined by both protein conformational change
and DNA melting, which are separable kinetically according to the 3-step mechanism of Roe er al.

(1984, 1985), and that the base changes affected mainly the rate of DNA melting as predicted.
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Fig. 1. Sequences of wild-type and mutant Py promoters
and the oligonucleotides used for the site-specific
multagenesis.
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(Fig. 1).
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Fig. 2. Confirmation of sequences of mutant | (A) and mutant If (8) by dideoxy DNA sequencing.
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Fig. 3. Time dependence of formation of the filter-retain-

able complexes between RNAP and wild-type Pg
promoter.
(A); 3H-labeled Pg fragment (0.1 nM) was incu-
bated with RNAP (3.2 nM active) in BB at 37°C.
At times indicated, samples were removed and as-
sayed either with heparin competition (@) or with
NTP-stabilization (a ; CpA, UTP, GTP) as des-
cribed in the text. (B); Semi-log plot of (1-6) vs.
time.
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Time constants 7, defined as the inverse of the
pseudo-first order rate constants obtained, are plot-
ted as a function of the inverse of the active RNAP
concentration for wild-type (@), mutant I (1), and
mutant II (O) promoters.
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ol E ZuwE]e] A, X7} 37CHA 18CE
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Table 1. Kinetic parameters obtained from t-analysss
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Fig. 5. r-plot analysis for the formation of open complexes
at 18°C for wild type (@), mutant | {13), and mu-
tant Il (O) promoters.

M-isec™'& Fadts, FAlY 7, 3 761528
F7Vslh, viab AR, Edde] 13 1AM o
AT XA 47 (1,940, 3) X 106 M- sec!
I (2.440.1) X10°M 'sec™ & Faddoed, 1,
o = b 91+10%9t 34+7x2 Zrpslgdct
(Table 1), 18ColA A £7F9 Z2VEES A&
vlszste] Bl Eoio] 13} [+ 2F oy d ) v
=&t o|AAFEEE e 7,9 ghol Eadwe] |
< 9F 1562 Ax Frbsla, Eoduio] 11 o 40 A
% ksl oy Eqiweld] auprt 2 o)A}
Al 258 A|AKRheL,

Temperature Promoter %, % 106 L bk; x 102 K, x 107 9K, x 10-7
(°C) (M-lsec1) (sec) (sec™!) (M- M-
37 Wit. & Mut. 6.0+0.4 115 9.2+3.0 6.6+2.7 < 6.6
18 Wt. 2.2+0.1 76+5 1.3+0.1 16.7+1.1 < 7.5
18 Mutant I 1.9+0.3 91+ 10 1.1+0.1 16.9+1.4 < 6.6
18 Mutant 11 2.4+0.1 34+7 2.9+0.5 8.3+1.8 < 8.3

a; k,= Kk,

b k=7, 1=(1/ky+ 1/k3)"!

¢; calculated by assuming k, = k; (Roe ef al., 1984, 1985)
d; calculated by assuming ky 2 k; y
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