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The synthene pulydensynbanuleotides TGCATTATAATGCA), 4. containing the coniensus Pribnow hok, were inseried upsteeam of the promo
terless gard operon i a spevially construeted plasnud Using the MacCuonkey agir indieator techigue 1t hits been shown that these inserts are able
to mduve an effivient in vives expression of the gal wperon
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1. INTRODUCTION

The comparative analysis of the £ colf promoter se-
quences has revealed two highly conserved regions,
centered around the ~35 and =10 positions with
respect to the mRNA start point. The importance of
these regions has been demonstrated by analysis of
many promoter mutants and by experiments on con-
tacts between RNA polymerase and promoters {1,2].
Nevertheless the specific contributions of — 10and ~ 35
consensus sequences to RNA polymerase recognition,
binding and imuation are not completely understood.
To study the effect of - 10 region (the so-called Prib-
now box) on the promoter function we suggested as a
model  system  the synthetic  double-stranded
polynucleotides containing the regularly repeated con-
sensus Pribnow box TATAATG!:

5"  TGCATTATAATGCATTATAATGCATTATAATGCATTATAA 3

2, MATERIALS AND METHODS

Flie ohigonuddeotides were synthesized by the solid phiase methods
[3.5) The engymes T4 polynucleotide kinase, T4 DNA ligase, DNA
palymerase | (Klenow fragment), restriction endonudleases Smal,
BamHl, Hindlll, EcoRl were purchased from Boehringer, (Ger-
many),  aerylamude, M N’ mcthylenclusaerylimude,  ethidium
bronude from BDH (Englund), ampialln from Fluka (Switzeeland):
MacConhkey agar, bacto triptone, yeast extract from Difco (USA),
{3 MPIATP (10K Ci/mmol) from Amersham (England), the
GeneAmp DNA Amphification reagent kit used for polymerdse chain
redctions (PCRY way abtdined from Perhin-Limer-Cetus (USA)

The plasnud pHD001-14.1 | [6) and £ col F165° strain (gal”), us-
e as a reupient for thus plasmid, were kindly gifted by Professor
H.-J Fute (Gotungen, Germany)

igestions of plusmid DNA with restriction endenucleases £enRl,
Hndltl, BumHIL, Smal, §*dabelling of oligo- and polynucleotides,
and plasnud fragments, hlling in the protruding cohevive ends by
DNA polyinerase | (Rlenow tragment), blunt-end higaton of synthene
polynucleondes and linearized plasmud pHD-001-14-11, isolation of
plasmid DNA and total cellular RNA, Sl-nuclease mapping were

Duplexes 1

3 AATATTACGTAATATTACGTAATATTACGTAATATTACGT ...5'

These polynucleotides have been prepared by enzymatic
polycondensation of the synthetic decanucleotide
pTGCATTATAA [3]. Using the mtrocellulose filter
binding technique we have shown previously that these
polynucleotides could form heparin resistant complexes
with E. colt RNA polymerase 1n vitro with a half-life of
about 200 nun [4]. In this paper we have studied the 1
vivo activity of the synthetic duplexes I, containing the
Pribnow box as a plasmid constituent.
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esscntially performed as recommended 1in [7] Preparation of hquid
media and MacConkey agar indicator plates, selection and analysis of
the clones were performed as in [8] Transformation was carried out
by the CaCla techimique (7] Plasmids from sclected clones for
analytical purposes were isolated by the alkaline lysis method [7]
PCR (30 cycles 94°, | min, 45°, 2 nun, 70°, 1 min) was carried out
with GeneAmp reagents in a 502! volume using Tag DNA polymerase
1in combination with a DNA Thermal Cycler (Perkin-Elmer-Cetus)
[9] DNA sequencing was carried out by the Maxam Gilbert method
[10]

3. RESULTS AND DISCUSSION
To study the1n vivo promoter activity of the synthetic

duplexes containing the repeats of the Pribnow box
(duplexes 1), the special plasmid pHD-001-14-11 has
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been used. This plasmid is a pBR322 derivative in which
the part of retracycline resistance gene Is replaced by the
promoierless wild-type galactose operon of E. coll [6].
In this plasmid the EcoRI1-Findlll fragment, currying
the gal promoter, was replaced by the EcoRI-Hindlll
polylinker [fragment from MI3Imp8 DNA. The
polylinker fragment contains no promoler signals and
displays no promoter activity. Thus the insertion of
some fragment, containing a promaoter, is required for
the expression of the gal operan. This expression ¢can be
casily indicated by the colour of colonies of £, coli
(gal™) cells, transformed by these plasmids, on Muae-
Conkey agar indicator plates (8].

The construction of the plasmids, carrying the syn-
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Fig 2 The sequence analyss (12% polyacrylamide gel electrophoresis) of the EcoRI-BamHI (a) and Hindlll-EcoR]1 (b) plasmid fragments,
containing inserts pPTGCATTATAATGCA and pTGCA (TTATAATGCA),, respectively

208



Volume 278, number 2

thetic duplexes I is schematically shown in Fig. 1. The
Smal linearized and dephosphorylated  plasmid
pHD-001-14-11 was blunt-¢nd ligated with ~1000-fold
molar excess of the synthetic duplexes 1 treated by DNA
polymerase | (Klenow fragment) to generate blunt ends,
In 16 h the ligation mixture was directly used to
trausform £, coli F165' cells. The transformants, har-
bouring the fusion plasmids, were classified according
to the colour of their colonies on MacConkey agar
plates supplemented with galactose (I mg/m!) and am-
picillin (50 ag/mi). Plasmids were isolated from ran-
domly selected both red and white colonies, cleaved by
EcoR1 (or HindIll), dephosphorylated and 5'-labelled
using [y-*P)ATP and T4 \.olynucleotide kinase. After
subsequent BamHI (or EcoRl) cleavage, a small labell-
ed fragment was isolated and sequenced (Fig. 2a,b).
The analysis revealed the presence of synthetic inserts
only in plasmids isolated from red colonmies. All syn-
thetic inserts were derivatives of the initial synthetic
duplexes 1. To ensure that it was the synthetic inserts
that caused the expression of the ga/ operon but not
other mutations outside them, the small EcoRI-
HindlIl restriction fragments with inserts TGCAT-
TATAATGCA and TGCA(TTATAATGCA), were
recloned in the pHD-001-14-11 vehicle. All clones, har-
bouring these newly constructed plasmids, revealed the
expression of the gal/ operon (red colonies on Mac-
Conkey agar). The next step was to identify the in vivo
transcription start site directed by the ‘synthetic pro-
moter’, We have slightly modified the well-known
S1-mapping technique [7]. The 149-bp double-stranded
DNA *!P-fiagment, carrying the 14 bp insert, was
prepared by the PCR technique using AACC-
TATAAAAATAGGCG (1 M, incorporated 1n the
non-coding strand upstream of the insert) and
[5'-**P]JpGACTTCCAATGTAACCGC (0.3 «M, 15
Ci/mmol, ncorporated 11n the coding strand
downstream of the insert) as primers and the plasmid
under investigation as a template. After hybridization
of this probe with total RNA (3 h, 42°C) from the cells
harbouring plasmids with the 14 bp insert or wt,
plasmids (control) and Sl-nuclease treatment (30 min,
37°C) the total digests were fractionated on an 8%
polyacrylamide/8M urea gel next to 2 Maxam-Gilbert
sequencing ladder of the same 149 bp *?P-probe
(Fig. 3). The size of the protected fragment (with 1.5
base correction [11]) allowed us to localize the unique
transcription start site. The scheme below sums up the
data obtained — the sequence of the ‘artificial pro-
moter’ region of the plasmid with the 14 bp insert
(underlined), containing the Pribnow box (marked by
~), and the transcription start point (marked by the
arrow):

5'-
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Fig 1 The Sl-mapping of the transeription start point using the
149-bp »*P-fragment (sec text) and RNA from cells harbouring
plasmids wath the 14 bp insert (Lane 1) or w.t plasmid (Lane 2.
control) The 4 lanes on the right compose the chenucally digested
sequence ladder of the same *P-probe [he sequence of the coding
strand around the §'-¢nd of the protected region is shown on the left
margin The 81 protecied DNA band is indicated by the arrow,

It 1s obvious from all experiments described that it 1s
the synthetic insert that causes the high level of the ga/
operon expression. Morcover, we hypothesize that in
the absence of the consensus ~ 35-region (see the se-
quence above) the consensus Pribnow box TATAATG
could be the only key structural determitnant responsi-
ble for promoter function n our case (though the 1n-
fluence of other cryptic promoter elements, e.g CAT-
TATA as ‘- 10' and CTTTCG or TCGTCT as *—35',
cannot be completely excluded). Some recent publica-
tions [12,13) support this idea. The unconventional
position of the transcription start point (the last Tinside
the Pribnow box) does not contradict this statement
[14].

So the question aiises: 1s the consensus Pribnow box
sufficient for creating an active promoter 1n any other
context or do we deal with a good instantaneous fitting
of synthetic inserts and given flanking regions?

Just recently 1in a coupled transcription-translation
cell-free system [6], we started to study the promoter
strength of the new constructions described., The
preliminary results show that the promoter strength of
the plasmid region, carrying our 14-bp insert, is com-

r -3
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parabl¢ with that af the w.L. type gal promoter and the
synthetic tyrT ssu2 promoter,
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