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“apnd and diect transler of repressor from
one of a DNA molecuic ko another
as a cofisequence of the relative diffusion of
these segments within the ‘domain’ of the
tlates the transfer of repressor by a series of
‘ring-chosure” evemts 1t which the repressor
is transiendy bound between twe DNA
segments {cuarem views of repressor struc-
ture suggest that the repressor terramer may
have at least two DNA Winding sites').
When the sepments diffuse apart one of the
DNA—protein contacts will break and, if the
two binding intcractions are equally fight,
the repressor will have a S0% chence of
being transferred o & new and distant site
on the DNA molecule. This process may be
very fast because it circumvents the large
activation bartier invoived in the dissocis.
tion of repressor inte solution.

Both mechanisms ,ney plausible, given
the known properties of lac repressor (see
below), and both can, in principle, lead to
the -desired result. Fortunaiely,
mechanisms are experimentally distinguish-
able becanse sliding is correlated with posi-
tion along the DNA molecule, while
imerscgment transfer is not.

Intragomain

£ aper wments v analyse

The bamcting of repicvaon W opcrsor.
cootaming DNA wa cxunimed using a
filter-binding techrique”  This method
lakes advantage of the fact that protein
binds tightly 1o nitroceflulese filurs, while
free DNA passes through. Radioactively.
labelied DNA will therefore only be
retzined on the filter i # is tighly com-
plexed to protein. Conditions are fixed so
that wesk complexes, such as those due
non-specific binding (RD interactions),
nod retained, while RO complex fi j
hoids the labeled DNA oo the filter.
equitibrium and kinetic
be made this way; becamse of their
bimolecular characker even very famt
associstion reactions can be brought isto
the experimental time range by dilution.
Careful kinetic and equilibrium measure-
ments of the RO inleraction have been
made by this technique* ™. We focus here
on the msociation process.

In Fig. 2 we show some: typical values of
ka (plotied aa log k.), »s a function of KC1
concentration (plotted as Tog [KCY] or log
Kup), for thwee differest sizes of fac
operator-containing DNA fragments. The
resulting values of k. depend in & unique
manner on DNA length and salt concenma- R
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FIG. 3. 1. The time required for open-complex formetion on the
proup-1 promoter. The standard sassy conditions described
in Table 3.1 were employed. A. Radiosctivity incorporated into
UpApU is plotted versus time. Thae reaction correaponding to
the linear time course was initisted with UpA and [«-2PIUTP
following preincubation of RNA polymerass snd the promoter-
contalning DNA fragment (o). The resction inltisted with RNA
polymerose (25 niM) showed & lag (1obg = § min) before the final
steady state reaction rate was achisved (o). The curve was
csiculaied with a nonlinesr, least squares minimdzation program.
B. The lag experiment of pansl A was performed st four RRA
. polymerase concentrations (i.e., to generate part of a TAU plot).
For each curve, the observed incorporstion valuss were divided
by the calculated values at sach tims paint. The distribution
of thess ratios around tha ideal value of 1,80 provides an sati-
mate of the relative error in the experiments. At each time
point, the mean + §.D. s indicated. .
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Fio. & Temperature dependence of cytosine methylation in the
presence of RN A polymerase for lac UVS and facpromoters. The extent
of methylation of the cytosines in the ~10region of the iac (#) #nd Jac
UV5 (2) promoters by dimethy! sulfate in the presence of bound RN A
polyinerase was Toeasured as o function of incubation temperstyre. At
eack temperature, saturation of the promoter by bound ANA poly-
:e;;\u wag verified by DNase [ protaction. Th

NA

Jouger and shorter o the sequencing g (puanines 1y +11, -18,
- -19), Vah-uhfhmd‘qtuim methylstion in the pres-
moce of RNA polyzerass below 15°C were indistin;uis!ulglc from con-

5 05 maximal intensity an the graph. For each promoter, there
W21 a lemperature beyord which the calculated extent of cytosine
methrlation po longer increased, the vatue ot this point was defined as
B0% mazimal intensity. Intermediate valuey were normalized tos lin-
wnh-ithin:hio-mmlhm&rnchﬁniu stimated

Proc ait Lo 3o US3 800953 1y-

top strand), we could not detect metly Ltion of amy of these
evtosines at teinperatures us high us 37C. The triviad inter.
pretation that the trps praiater dues ot form tiniyue compley
with RNA polvmerase in our experiments is made highl .
bkely by the characteristic protection and enhancement par.
verns of the guanines (Fig 3 and ref. 22} and by DNase T pro-
tection (data not shown). bndecd, all polymerase cnntacts revealwd
by the guatiine methylation and DXase I deavage patterns of
the fac and trp promofers are identical in the —35 region, which

I8 reasonable in viewt of the sequence identity of the two pro-
wmoters in this rcgi)m.

DISCUSSION
The results pr d above d ate the applicability of

the cytosine N.3 methylation reaction in probing the single-
stranded regions in a duplex DNA. The signal-to-noise ratio of
this method for detecting unpaired cvtosines is limited by [ao

major Betors. The reactivity of unmethvlated cytasine with hyv-
drazine is appreciahle; the resilfme chain deavages at the pa;
Htons of i unmeihyfde Sines. g
caaf kground. Also, 1 Principle of tequenaing an

labeled linear polvmer by chain breakage requires the in-
troduct

ion of no more than a few breaks within & distance from
the labeled end. This distance is determined by the resolving
mucleo-

power of the sizing method, typically a few hundred

tides for nucleic acids. Bacause the 1anines are readily meth-
lated, and chain breakiez MM:

the X FmellnTal sei ci Y _mat-

bl
imal intensity of the liands resulting from methvlation of the

ol the v erage Snfensity of the hands

ytasines is abont ne-thi
resulling from the methyiation of the ines (see Fig, 1). These
FrﬁtTuM}:g;nmd the noise tend to narrow the win-
dow or optimization of the reaction conditions; in cases in which
the eytasines are unpaired only a small fraction of the time, the
wethod is unlikely to give an unequivocal answer,

Nevertheless, the mildness of the methylation reaction and
the uiility of the cvtosine methylation method in mapping un-
paired cytosines at the sequence level are distinet advantages.

methad mmp dhers nsing single-strand.soecific

[1 t
3 leavage of the DNA N°.
methylcytosine positions is relatively insensitive to the nucleo-
Hide sequence, compared i the sequence dependence of deay-
ages by enzymes. ’
R Our studies on the RNA p?rmeuse—pmmoler

Imcobuating the RNA polymiérese promoter complex at 37°C befory in.
Subating st the given temperatore. (Insef) Portion of a wequencing ge!
ﬁp!qingnmedtbedlnhmwhi:hlhilmphwuw.ilm
| ame-pair &lm bearing the toc promoter (19, 201, uniquety end.ly-

vuder-polvmersse complex corresponding to the ine res-
Koe st position —ldlbeth\'Smnhmbdm
protected from dimethyl syifate, SUEgesting the presence of ax
sdditionad contact in the fac comples thet
k absent from the fac UVS

. F'wlleh-pprm. severa] cytusines are neesont

g, T nottnae 44 % _& 0 1o fhe

mnbdmmdmdﬂw—lad—ﬁillh

the applicability the cytosine methylation re-
action to probing the positions of paired cytosines in proted
DNA mmplexesandlddfnlﬂlerevidmmpporﬁngﬂnl.\'A
induced unpairing of bases ip 5 specific region of
the promoters (8, 9).
sharp temperature dependence of the unpairing of the
cytusines in &nhcbﬁ-dlummplemefm.\
MeTase suggests the strong temperature
nfummd'minlﬂimmphhuﬁchRNAM
indtistion occurs, ‘is chusely related to the RNA polymerma.in.
deunpairingdlnmhll\e, er. The three ¢ ters
-e::milml show r‘lﬂm&m dif&m the;euhnm!inz
polymerate, Vhereas unpairin, in uvs
ﬂtmhmﬁmgmm
-mheﬁqm-lar&errph-hmb&
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