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Effect of Sequence Variations within DNA Melting
Region on the Rate of Formation of Open
Complexes at AP, Promoter

Chung Hyun Chae and Jung-Hye Roe
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Seoul National University, Seoul 151-742, Korea

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 I 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 binding 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 E. coli 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 k, and 7, , as determined from the z-plot analysis, were (6.0 + 0.4) x 106 M-lsec-! 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 106M-!sec-! and ,, was 76 * 5 sec.
Mutant I and Il exhibited differences mainly in the rate of isomerization (Tip1 =91 £ 10 sec,

int,11 = 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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Aukg-o} £ & AAsP, 1o vls] RP. A
= owpeA Hyaee] mddle Zled Fol=Hdh
(McClure, 1980, 1985).
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= NEB(#1212, 17-mer)olld F4stgdar, S
ol# A Fel| AREEF oligonucleotide & (Fig. 1)<
o]=k Wisconsin ‘Hf" 12|  Biotechnology Center
o} KAIST 9 #3-33Hledel o]zisle] A8t
E. coli RNA polymerase (RNAP)+= Wis-
consin W&ol Dr. Burgess 2% AlZukgtch,
RNAP+= 50%(v/v) glvcerol R kg
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Oligomer [ 3'CACTATTACCGGCGTACATGS'

cC
&é mut. I

-35 -10 I
GTGTTGACTATYTTACCYCTGGCGGTGATAAYGGTTGCATGTACTA
CACAACTGATAAAATGGAGACCGCCACTATTACCAACGTACATGAT
[—

AA

T mut. I

Oligomer II 3'CACTATTATTAACGTACATG S’

Fig. 1. Sequences of wild-type and mutant Pr promoters
and the oligonucleotides used for the site-specific
mutagenesis.
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TCA FAuhe2 %3 ANTP Y AFAT:
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= [5°HIdCTP & A% A= 72zt 6x10°
cpm/ug DNA, 1x107cpm/ug DNA o]t}

Filter binding assays

¥7¥1 DNA d#3t RNAP 9] Agubes} ofzjy=
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(Fig. 1).
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g A#4E & shE Fig. 39 Yehliddd, Fig, 3¢9
A= o g o] A=A, of wje] RNAP #45 %
= 3. 2nM el e}, a®el 4 Med x|, heparin com-

(B)

|

:

§

g G T-6

Ve ST
-ac/ La
-5C

A

¢ Yo

G
+17 | TR,

§ o

A

T

1

(&

C L2

L

"

R
wT Mut. I

Fig. 2. Confirmation of sequences of mutant | (A) and mutant I (B) by dideoxy DNA sequencing.



Vol. 28, 1990
1.0 !
8 (A) o
T e O
£ B » .
«
T i
ot i 'Y o o
< -, Qo ———L T
Z 1 =7 0
Q0S5+ i o -0
e /
o - 2 s
5 e
= ] O
§ - // s
[ //o
7
0 U I S R B N | s L 11
1.0 2.0 3.0 4.0 10.0  20.0
Time (minutes)
Lok B
BN
SN
o5k .
LN
Q
o
0.3 N
. \§
Y N
=021 \\\\9\
a\\\\‘i
A
0.1 '\\\\ [¢]
: AN \\
n AR
\\ N
- \ \\
B ® o\
- AY
| [0}
i L 1 1
1.0 2.0 3.0 4.0

Time (minutes)

Fig. 3. Time dependence of formation of the filter-retain-

able complexes between RNAP and wild-type Pg
promoter.
(A); *H-labeled Py 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 (& ; CpA, UTP, GTP) as des-
cribed in the text. (B); Semi-log plot of (1-8) vs.
time.

petition NTP <43l o] @ax RP, 84
HAL v}t oS Jehligih, 2Ev, RNAP
/DNA 9] 2337} AASE, heparin competi-
tion o4 T2 vE]ol9)e] tight-binding %9 <3&
o] yepycl, &, NTP <Aoo= e, A7t
Halo] ohg AHF cpm ) Wyl 2 xS Hoo
o, 2L 29 AYE b S8 Ag, ool A
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FEo] & Aol F B, def, SxAbge] Aaks
AdiM= NTP 43t Age Axpure A3t
NTP A3l A3t CpA+ P, Z2REA
A€ RP, B3ARHE Eolzoz osi|y|oz,
tight-binding #9191 43& AAL 4 gtk (Roe
o, 1984, Hawley & McClure, 1982; Shih &
Gussin, 1983).

Fig.3A = uhg-8do] YoiF & cpmol oz
filter &7 cpm | v¥]&& A7) g2 Jehd A
olth, Hu| AHFE-S heparin competition o4&
70-90%, NTP A3l = 55-80% G3o]14lc},
NTP A s}el| 2] 2o abfako] Y AL, YA
= 33 E3H 5 4o abortive initiation ol
o}l RNA 7 Hoj#]7] f£22 oA}t (Roe 5,
1984). 71AAHF2& heparin competition o A&
5%, NTP sHdslollxE 10% olslelgdct,

Fig, 3B+ Fig, 3AoA & Hdl {2 7|15
22 7t AHAAM Z=2RE HH-& (promoter
occupancy, #)& semi-log 2 Z2 Jehd 7o)
o}, Fig. 3B, A9 7|87 288 AgEeAs
kobs% ?5":\7—, 1 ﬁ'?’% %}01 }‘]7\.1'/‘4"?‘ Tabs% T+
&}%irt, Heparin competition® NTP <H4 3l
o3t kobs'o‘} %}% 7‘}‘7—}' 1. 96X10'zsec“-‘2]r 1, 61X
10-2sec o]},

ITCOIM il St 8

37CoAA oP Y 9 Sduo] T2 uE Ao 3}
o 2] RNAP ¥EoM k.2 23 AHE
z-plot &2 Jehfigich (Fig, 4), o]& ¥, opyy
3 F Sduo] ZRHEH o] FAR APEEE B
< & T oo AY 3716 7 A wA
< o5 7,

Tors— (1. 740, 1) X 10-[RNAP] '+ (11+5)
Ao 7187|128 T k9 e (6.0+0.4) X
10° M~!sec™to] ¢},

Roe % (1984, 1985)¢] ¥.i1e] oJ3pd, AP, X2
BEle]l A5, 37CelAe DNA meltinge] A
RP, B34 A& xol) ¥ o8k nxz Q=clx
g, webd § Fdwio] XL WEEe] 37°CAAE
oY T xolE MolAe woHgty FE2Y 4
ek, 2eld, 37°CelMel g H3hd §APL oS
wEA o] FoiAuR, opyy B F ESodHo|S7te
Aol g &R Fae & Unh, FEAFES
AR o] Lol WNE 31, =3 £xAH
2AIE DNA melting HAE o] FA]|#H Saduo]e)
AAE HY] Hs, B 3 2xelA] AYe sy
g87} Ao,

18°CollA{e] gl Egtx| &M

18Coll A oH ¥ 9 Edo] T2 9] W o3}
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Fig. 4. t-plot analysis for the formation of open complexes
between RNAP and Pz promoters at 37°C.

Time constants z,,, 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.

of, o2} RNAP F=oll4 NTP HHsiEs 53

Az} AL ALE AAsts, 125 1,5 Fst

o r-plot& A3kt (Fig.5). 18Celx NTP

A S e o, FHd AR 71A "}

F2e 37°CollAe} HhE xlo]l & Holx] gdr),

& 7184 oI5 2 A4S A b fgw.
Topswt= (4, 60, 2) X 10" [RNAP] '+ (76%5)
Tops: = {5.310.6) X107 [RNAP]~'+ (91+10)
Tops = (4. 110, 1) X 10-[RNAP] '+ (34+7)
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Fig. 5. r-plot analysis for the formation of open complexes
at 18°C for wild type (@), mutant | /'), and mu-
tant Il (O) promoters.

M- 'sec™'2 7r&sla, EAl 7,0 @S 76+£5:2%
z71sldch, vhabR 2, Bduio] 13 [TdMx o]
AAg FxAe7E 242 (1,9+0,3) X10° M isec™!
(2,440, 1) X10° M 'sec™ 2 st o, 1,
o] ghw zhzb 91+10%e} 34+7ER FvRskdct
(Table 1), 18CelM Al 79 Z2RHES A=
H]E%}Oq E-\_, %‘ﬁ‘ﬁo] 13 [+ 2% Ok*ﬂﬁé@ H]
23 ) AATEEE vehlih 1,9 dho] Edwe] |
& of 152 A% Frisia, Sdde] 11+ o 402 %
5 7aslsdc), ol ool Adpy} F2 o]

oMY ZewEe] A9, £xs} 37CHA 18c2 ¢ WAl JleE AR,
oftlol we} o|xAY FEALTH, 2£0,1) X 10°
Table 1. Kinetic parameters obtained from t-analysis
Temperature Promoter %k, x 1076 Tint bk, x 102 K, = 107 4K, x 1077
(°C) (M 'sech) (sec) (sech (M'H (M-1
37 Wt. & Mut. 6.0+0.4 11+5 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 <75
18 Mutant I 1.9+0.3 91 +10 1.1+0.1 169+1.4 < 6.6
18 Mutant 11 2.4+0.1 34+7 2.9+0.5 83+1.8 =83
a; k, =Kk,
by k=1, 1 =(/ky+ 1/ky)"!

c; calculated by assuming k, = k; (Roe er al., 1984, 1985)

d; calculated by assuming k, 2 k;
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old 4= olAl zteisdch, aelA Roe 5-(1984)9
3 71&el gz, WA s F, "AAA$A]
22| DNA o]FuAle] Fox)= el 1 93
vl A3 e g G3o] v F Ao
g 4 9t

37°C} 18°CollA filter-binding assay & 33t
A3}, 37°CollA o8 F EdwolEe 4 By
A AL E Aolrl §SE ¢ F U
37°Cell = DNA melting o] #EA o] FARX 2,
o W % Eodwlo]r} zkw gl AT =9l Ale]
7} & 9u)E AYA Fahs AoE ARG, =&,
37CAME g9 B Aol w2 A o] FoiA
AgursE o] Jug o] o7y wFol oY
F T Sdwo| 5T Ho|E AEIA] RIS &
o}, webd, AFEEE ARt FHe] e
Wel2 =33, DNA melting 977} 234 o
2 Js FrE 5] 98l 18CE & Wil
AYS Fastadct. 18ColA F Sdnle] 22 wE
o] o) AY EEAG ko 2 oM A9 vl
g ubd, 7,9 e o] o] & 156 AL F
7kl A, Edwol 119 A= oF 40 A= Fast
o}, ol melting #$19) AT &3 melting &
T} AFRALS AJARRHCE,

Roe 5 (1985)2] 3=l 7|2bel] k2, 7, RP.
— RP, s8] &54 k.9t RP,— RP, sHle] &
SAS kool sl A=Y, 2 AL o 72
o or=ko =k kT e Bl okl
AP; Z2REY AL, 15C oAbl ME k7t k. B}
v =2)i (ko> ki), @A 4 ke7h ARAISH
= FEe A F418 4 gl gA3 %} (Roe 5,
1985). °l A%, kA= kb 7H & ol Haghelw
2, k,=k& M k=K ko #AX2ZHEH
K9 Hogks AlArg 4 9ok, zeid, Table 1e]
A o)A AdE K9 g Hm, Edde] Il
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37°Cek 18°CollA wl%d 3k vepiov, oplda
Eodwe] [& 23]8 18CANAM o & e 7HHch,
RP.ol #Ae wlmd 2xo F33 sz el
Aol ulFo 2 o (Roe 5, 1984, 1985;
Hawley & McClure, 1982), |7 o]d<] Az}
o} Akt w3t RPS] 84de] @& oA 23]
2 o] whepAdvha ¥7]E oS ofgic), oiebi 18°Cell
A k=k,#he 1] vlgAsA] ¢dvhar Azbdct,
A, 18°CAe oplE 3 Edwe] ZREE|ET
9] 7,2 2ol Az E melting S SEA
g kot 83897 dEe2 g4 § gl of o,
o] [ oMy ET k7l U FA 7,7t o
2t o Frstgla, Bdde] I+ opidd kot
oS el 7,0t debA adeida g 5 gl
t}, olo) eojstd, EdHoe] 1Y 7,2 oPYdelvt
Eqduio] 13} wlxaled, k.o ks F k.2 2%l o
%z AR § Qe o] AR Fdde] I
9] =k, )2} 7R Ea K& oiA] AlAkeE, oF
Ay3 Ede] 19 Kol #7 (7.5£1.7) X107
M-13}k (6,642, 2) X10°'M 12 Yeh}, 37°CollA9]
6.61+2, HX10'M~'2 2 Hol7} S5 & + ¢l
t}, 5Coll4 RP.S AL 532 ZA Al
a}29 (Roe and Chung, »1#343) K,of 3te] ¢
o] A4S ¥4 6X107M HESle] wEA,
18CollA 7,2 W37} protein conformation 2]
W3lE k= DNA melting $55 wedslelehs /M4
< s sl Fa o,

olAe] mAL FId, P, T2WEH< DNA
melting 9] §17]4go] Wgsl F Eoiwle] X2 v
B5o] A1 B¢ 3daye] wixe}t oAl DNA
melting DAl UxPHOZ opfF} xlo]E o]
+ 22 34 F Aok, &, melting ¥-319]
AT g=hishk= dajgdoz RP~ RP, 9 &%
Aol s wXH, ol2F F3E F2 melting
219 AT 3teke] wishe] w2 melting potential
o] o] o AR}, Y, o7 HME
AxshA s $leiMe, RP. B4 A
o] HYue K& 52 At SAHsh= A
4 o] B oz LA o=l Bga 4
ATES sk AYEL wese 3 98}

e,

q 2

AP, Z2E|s] AAPRAIA ¥2e] @7l M T2 ue] o) Bahl §ALEe] Pl Gue dohus] Asiel, AR
A Sadulolsl WO 5 shx| Sade] ZEUHE eI, SAWel [& —33% —4 K9l TT 715& CC2 A%l —10
B2%3] (Pribnow Region)st HAPIAISIA) Aolell 6Hel A4¥ GC A714¢ 2= WE Aeolol, Fao] & —5% —6 9]
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Ao GG B715s AAZ A8l — 115} -3 914 Alolo) Wh W71E v% AT 27wos il 37C s} 18°Coll4], ok
&3l wedo) Py LRYWEHE (664-bp, EcoRI-Hind1ll #)e) thal selective filter binding assay & F8slsic, 1
T 3TCAAM: o &l S seinlo] SLwwriio] w4yl odel Mg HAiTE epRsivE 7 L2 Vo] o)ap A Hwars
Ko (6,020, )X 10°M'sec 1, 7,40 11+5 Zolaith, 1o}, 18Cel 4y oty als) & Fadnle] LR wEEo] 4y sk
srel hRAD VeI K9] Ghe oF 20X 10°M isec 1 WY u]SeEh ub | £, = opllo] Tge 5 &, sdHe] o] 91410 %,
Falwte] 17 3447 22 debgrh, olin 1804 1,7F shilzlo] semisl # offel DNA melting %ol ojajx 3y g
o, melting #-912] AT &a] Roe % (1984, 1985)¢l J5H4l 7)atol| oja) |25 W2 DNA melting 459} A& 713l
A Ak},
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