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ABSTRACT

A protocol has been developed that is capable of
saturating regions hundreds of basepairs in length
with linker scanning mutations. The efficacy of this
method stems from the design of the linker scanning
mutagenesis (LSM) cassette which is composed of a
selectable marker flanked by two oligonucleotides,
each of which contains a recognition site for a different
restriction endonuclease. The cleavage site for one
endonuclease is within its recognition site, while the
second endonuclease cleaves in the target DNA
beyond the end of the cassette. Digestion with these
endonucleases and subsequent ligation results in the
replacement of 12 bp of the original target sequence
with 12 bp of the linker scanning oligonucleotide. We
have used this protocol to mutagenize a span
of (MO0 bp surrounding the start site of the gene for the

B subunit ( rpoB) of Escherichia coli RNA polymerase.
The translation of the [ mRNA has been shown
previously to be regulated by the intracellular
concentration of either (3 or B'. Analysis of the linker
scanning mutations indicates that sequences
extending a considerable distance both upstream and
downstream of the start site are required for normal
translation. Also a site that appears to be involved in

translational repression by excess B has been
identified.
INTRODUCTION

of the synthetic linker. Though effective, this approach involves a
number of time consuming steps. Many deletions have to be
generated and sequenced before approptiates3 combinations

can be identified, followed by a separate ligation for e&8hair

to produce the final linker scanning mutation.

We have developed a more efficient protocol for linker scanning
mutagenesis that is capable of generating a library consisting of
hundreds of mutations. This protocol makes use of a linker scanning
mutagenesis (LSM) cassette which is composed of two synthetic
oligonucleotides surrounding the selectable tetracycline resistance
gene. The oligonucleotide on one side of the tetracycline resistance
gene has the recognition site f@md, while the other
oligonucleotide has a site f&pni, an endonuclease that cleaves
downstream of its recognition site. After the LSM cassette is ligated
into a linearized plasmid carrying the DNA sequence to be
mutagenized, the DNA is digested w&ma and Bpmi, followed
by ligation to recircularize the plasmid. This results in a replacement
of 12 bp of the original DNA with 12 bp from the LSM cassette.

We have used this protocol to analyze the translation gbdise
gene which encodes thHg subunit of Escherichia coliRNA
polymerase. ThgpoB gene is part of a complex transcriptional unit
that also includes the downstream gene fof3treibunit of RNA
polymerase rpoC) and four upstream ribosomal protein genes
(rplKAJL) which encode L11, L1, L10 and L7/12)(We have
shown previously that the translation of bqutbhB andrpoC mRNA
is reduced in response to increased intracellular concentrations of
either3 or B' (3,4). Preliminary deletion analysis suggested that
sequences extending considerably upstream and downstream of the
rpoB start site were required for normal translatiéh gnd that
sequences extending even further into the structural gene were

Linker scanning mutagenesis has proven extremely useful ffgcessary for feedback regulatid). (Analysis of the mutations
systematically searching for regulatory sites in regions of DNAJ)Enerated in the current study more precisely map the sequences
hundreds of basepairs (bp) in length. The original procedure &8Portant for efficient translation and indicates a potential site on the

developed by McKnight and Kingsbund)(first involves the

rpoB mRNA required for regulation Hy.

creation of a series of &nd 3 sets of deletions onto whose ends are
ligated a synthetic oligonucleotide linker. Each mutation iSMATERIALS AND METHODS

sequenced and then the appropriatn8 3 deletions are paired so B
that their endpoints differ by the same number of nucleotides presen

%cterial strains, plasmids and bacteriophages

in the linker. When these ends are ligated together via the linker, tBscherichia colstrain MG4 () is aAlacU169 recA5@lerivative
missing nucleotides of the original sequence are replaced by thage MG1655. The BB’ expression plasmid, pACTBC, was
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described previously. Thef3' expression plasmid, pEXT21C1, circular form during DNasel treatment. This band was excised from
was constructed by inserting thipoC gene, isolated from the gel and the DNA extracted by adsorption to powdered glass
pPACTCl {@) as a 5417 bBanHI-Hindlll fragment, between followed by ethanol precipitation.
these same sites in the multiple cloning site (MCS) of the low Next, 53ug of this nicked DNA was incubated with S1 nuclease
copy number expression vector pEXT28). (The plasmid (18 Ujug DNA) for 90 min at 18C in a solution consisting of 50
source of the LSM cassette is pLS2. It was constructed by firstM CH3COONa (pH 5.7), 200 mM NaCl, 1 mM Zng@nd
inserting a synthetic oligonucleotide with the sequenc®.5% glycerol. The reaction was terminated by transfer to ice and the
CTGCACGTGCCCGGGTACGTACTGGAGGCAG into the addition of 1/10 vol S1 stop buffer composed of 440 mM Tris—HCI
Pvdl site of pUC19. This oligonucleotide contains recognition(pH 8.6), 280 mM EDTA and 2.2% SDS. The treated DNA was
sequences fa?ml, Sma, Snal andBpri. When inserted into the electrophoresed on a preparative 1.4% agarose gel followed by
Pvul site the sequences at the ends will reconsfPudi sites  excision of the linear band and extraction of the DNA by adsorption
which flank the original oligonucleotide. Next a 1359 bp fragmentb powdered glass. Approximately 30% of the starting nicked DNA
carrying the tetracycline resistance gene was excised from pBR3&#as converted to the linear form during this incubation. The
by digestion withEcdRl andBsm, the termini were blunted with extracted linear DNA was treated with calf intestinal alkaline
T4 DNA polymerase and the fragment was inserted intSritl phosphatase followed by spermine precipitatibg).(A ligation
site of the oligonucleotide. THecdR|, Bsm andSnadl recognition  reaction containing fg of the linear pLK6, 0.8ig of the LSM
sequences are destroyed in this manipulation. cassette (molar ratio 1:2) and 6 U of T4 DNA ligase was incubated
The pLK®6 plasmid which carries thgoB target for mutagenesis at 18 C in a 50ul volume of ligation cocktail | (66 mM Tris—HCI
is based on pGEM7zf(+) (Promega Corp., Madison, WI). TheH 7.5, 1. mM EDTA, 10 mM MgG| 10 mM 2-mercaptoethanol
relevant modifications included insertion into the MCS of a 649 bpnd 0.5 mM ATP).
EcoRI-Kpnl rpoB fragment that was isolated from pEXBG3. ( Following ligation, 1Qul of the reaction mix was incubated with
Secondly, the segment of the MCS betweeistha andHindlIl Ecdrl and Sty. The digestion products were resolved by
site was removed by digestion with these two enzymes, followeasdkectrophoresis on a 0.8% agarose gel and the 1858 bp band
by blunting of théHindlll terminus with the Klenow enzyme and corresponding to the LSM cassette inserted into the original 468 bp
ligation to recircularize the plasmid. This treatment places thEcdRI-Styt rpoB fragment was excised and the DNA isolated with
BanHI site downstream of thEpnl site inrpoB in the same the Qiaex extraction kit (Qiagen Inc., Chatsworth, CA). This DNA
translational reading frame as BanH]| site in thelacZregion  fragment was added to ligation cocktail | containing 1 U of T4 DNA
of ABC6. Finally, oligonucleotide mutagenesis was used tigase and g of theEcdRl andSty cleaved plasmid backbone of
replace a single nucleotide within tdactamase gene in order pLK6 that had been treated with alkaline phosphatase. After
to destroy theBpm recognition site normally present while incubation at 12C, the ligation products were recovered by
retaining the wild-type amino acid sequence. transformation of DH& cells (10pl ligation reaction per ml of
ABCS6 carries a translational fusion of the wild-typeBgene  competent cells) using the procedure of Inateal (13).
to lacZ in a fusion vector based &TLF95, a predecessor of Transformants carrying the LSM cassette in the target region of
ATLF97 which was described previousy.(The only difference pLK6 were selected on LB plates containing ampicillini{g§0mi)
between these vectors is tAdiLF95 still has theBanHI sites  and tetracycline (2Qug/ml). The (2300 clones recovered were
normally present in the tetracycline resistance\antigenes, and  pooled and plasmid DNA was extracted with the Wizard Midiprep
carries four tandem copies of tieBT1 terminator upstream of DNA purification kit (Promega Corp., Madison, WI). The pooled
the MCS instead of just one copy. TpeBregion which extends plasmid DNA (5ug) was digested witBma and Bpmi, followed
from an engineereHcdRlI site 245 bp upstream of th@oBstart by incubation with T4 DNA polymerase and all four
site to theKpnl site 405 bp into the gene was attached in frameeoxynucleoside triphosphates to blunt the termini generated by
to lacZ via theKpnl site. Transcription of thepoB—lacZfusion  Bpm. The treated DNA was then added to aji0igation reaction
is driven by a version of the bacteriophage B&2promoter  which was incubated at 18 and contained 20 U T4 DNA ligase
carrying the 1052 mutatiori(). It was inserted into the MCS and 8% polyethylene glycol in ligation cocktail Il (66 mM Tris—HCI
upstream of thepoB sequence as a 235 bfindll-SaBBA  pH 7.5, 5 mM MgC, 10 mM 2-mercaptoethanol and 0.1-mM
fragment isolated from pMS1052(). ATP). These conditions were optimized to favor intramolecular
blunt end ligation. The ligation products from 300f the reaction
were recovered by spermine precipitation and then digested with
Ecdrl and BanHI. The digestion products were resolved by
&lectrophoresis on a 1% agarose gel and the 649 bp band
preparation of pLS2 by digestion wiBtvul. After agarose gel €ncompassing the start of fpeB gene was excised and the DNA
electrophoresis, the 1390 bp band corresponding to the L sfytracted with the Qiaex kit. Th_e purified DNA fragment was ligated
cassette was excised and the DNA extracted by adsorption@giween théccRI generated right arm arigaHI generated left
powdered glassi(). Most LS mutations presented in this study®™ OfABCE.
were produced by first nicking the pLK6 plasmid with pancreatic
DNasel in the presence of Kfg A total of 870ug of pLK6 was  Recovery and analysis of LS mutations iABC6
incubated with DNasel (8 106 Kunitz Ujug DNA) for 30 min at
28°C in a buffer composed of 40 mM Tris—HCI (pH 7.5), 6 mMThe recombinant versions aBC6 carrying the LS mutations
MgCl, and 0.1 mg/ml BSA. The treated DNA was electrophoresedere recovered from the ligation mixture ibyvitro packaging
on several preparative 1.4% agarose gels to resolve the open circ(la) and plating on a&.coliC600 lawn. Individual plaques were
plasmid DNA from the linear and covalently closed circular formspicked and used to make plate lysates as described previously
Approximately 30% of the plasmid was converted to the opefiL5). Phage DNA was isolated from 1.7 ml of the plate lysate by

Linker scanning mutagenesis protocol

The LSM cassette was released from a CsCI gradient purifi
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the zinc chloride method §) followed by spermine precipitation Pmi1 Small Bpm|
and resuspension of the DNA inf@3 E buffer. The approximate |§§;‘§;”Tm“§§%§;§[ TET |Secccagscae
position of the LS mutation was determined by digestiondf 9

phage DNA withPml and BanHI, and comparison of the O] l Insertion
resultant fragment’s size to standards resolved by polyacrylamide

gel electrophoresis. The exact sequence of the mutation Wa§. ...« rsrecaceracecccsms o =] —

determined using the fmol DNA Sequencing System (Promegmwl__ulwmmmm

Corp., Madison, WI) to analyzel® of the phage DNA. ® l Cloaved & Blunted
Smal

Lysogen formation andp-galactosidase assays ¥ Bpm|
'GCACGTGCCCGGGTAC TET Jc-mcmensccm

NNNNNNN | CT sty
H H nnnnnnnnnnnnNNNNNEN
Monolysogens of the recombinant phage were recovered in MG’it""““""l—-——’s“c‘m"“’cGGGCCcMG ShIchccTcoone

N12

carrying either pACTBC or pEXT21C1by the protocol described ® l Ligation W10
previously (5). Because\BC6 is based on the neNTLF97

vector Q), which contains the tetracycline resistance gene, Pmi |

lysogens were directly selected on LB plates containjigyral mm

tetracycline. The plates also contained Xgal to provide an
estimate of the fusion’s level Bfgalactosidase expression. The

growth of lysogen cultures and their assayFajalactosidase Figure 1.Basic strategy for generating linker scanning mutations. 1. The LSM
levels was as described previous. ( cassette is inserted into a double stranded break in a plasmid by ligation. 2. The
resulting product is cleaved wisma andBpm, followed by treatment with
T4 DNA polymerase to blunt the staggered terminus producBgroly 3. The
Measurement ofrpoB—lacZ mRNA levels plasmid is recircularized by ligation, which results in 12 bp of the original
. . . sequence (lower case n) being replaced with the 12 bp LS oligonucleotide.
The amount ofpoB—lacZfusion mMRNA was determined with the

Lysate Ribonuclease Protection Kit (Amersham Life Sciences Inc.,
Arlington Heights, IL). The plasmid template (pRNA2F) used for . ,
synthesis of the labeled RNA probe was constructed by first isolati@ée onthe 5. 3 strand and 14 ntdownstream on the 3 strand.

a 427 bp DNA fragment originating fronBC6 that extends from cause thepm site is positioned 4 bp from the end of the LSM
a Sty site 221 bp downstream of the start sitepolB to aBstB6 cassette the cleavages will be located outside of the cassette at 12 an

site inlacZ The termini were blunted by treatment with Klenow0 Nt respectively, into the flanking DNA. The.3' exonuclease
DNA polymerase and the fragment was inserted intblithei! site activity of T4 DNA polymerase is then used to remove the two 3

of pGEM3 (Promega Corp., Madison, WI). Cleavage of this plasmi rotruding nucleotides and generate a flush terminus 12 nt

DNA with Hindlll and transcription from the T7 promoter producesdoVnstream of the original LSM cassette insertionSited cleaves
an (490 nt RNA complementary to tpoB—lacZmRNA made at a position 12 bp inside the terminus of the oligonucleotide on the

from theABC6 derivatives. Each monolysogaBC6 derivative in  CPPOSite side of the tetracycline resistance gene froBpinsite.

MG4 containing pACTBC) to be analyzed was grown &C3ih Recircularization of the plasmid DNA by ligation results in
LB medium containing 2@g/ml chloramphenicol. When arséy replacement of the 12 bp of DNA that originally flankedBiper

of 0.4 was reached, 1.4 ml of the culture was centrifuged at Ig 00 nd of the LSM cassette by 12 bp' from the other end of th.e. cassette.
for 4 min at £C and the cell pellet resuspended in (iD6f lysis he 12 bp linker that is left behind is marked wilmal recognition
solution. Approximately  1CP c.p.m. of the labeled probe was S'€:

o The overall protocol that was developed to generate a library of
added to 45yl of cell lysate, followed by hybridization and §mutations is outlined in Figug First, a plasmid containing

processing according to the Lysate Ribonuclease Prote;ction Ee segment of DNA to be mutagenized was randomly cleaved
protocol. After polyacrylamide gel electrophoresis the hybrid ban ith pancreatic DNasel. For the analysissB translation, a

corresponding to the fusiopoB—lacZmRNA and the cellulapoB X
MRNA were visualized by exposure of Dupont Cronex 4 film a\nér agment extending _from 245_bp upstream to 405 bp downstream
the rpoB start site was inserted into a vector based on

guantified by analyzing the autoradiographs using a CCD came? X )
and Gel Print Tool Box software version 3.0 (Biophotonics Corp.g EM7Zi(+) (see Materials and Methods). Two different ap-
roaches were used to linearize the plasmid DNA. Initially the

plasmid was digested with a limitihg amount of DNasel in the
RESULTS presence of M# to favor double stranded cuts. The reaction was
Linker scanning mutagenesis protocol titrated so thaEHOf_’/o of the cova!ently closed c_;ircular DNA was

converted to the linear form which was then isolated by agarose
The protocol described is capable of simultaneously producirgel electrophoresis. But DNA sequence analysis of the LS
hundreds of linker scanning mutations. The basic strategy asutations that were ultimately generated by this procedure
outlined in Figurel makes use of a LSM cassette. The LSMshowed that most had suffered an additional deletion in the range
cassette contains a selectable marker, in this case the tetracyctih®d—50 bp adjacent to the linker. Previously, a careful analysis of
resistance gene isolated from pBR322. It is flanked by twthe action of DNasel in the presence of different divalent metal
synthetic oligonucleotides that carry the recognition sequencems indicated that, although the enzyme produces linear mol-
for several restriction endonucleases. The LSM cassette is fisstules with MA*, the cleavages are not necessarily in the same
inserted into a double stranded DNA break by ligation theposition on both strand4 7). Moreover, additional cuts are often
subsequently cleaved by digestion wémad and Bpni. The  made in the vicinity of the original cleavage to generate gapped or
cleavage sites f@pm are 16 nt downstream of the recognitiondeleted DNA molecules. These properties of DNasel witA*Mn
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Figure 3. Structure of thepoB—lacZtranslation fusion phagd3C6. The 649 bp
EcaRlI-BanH| fragment that contains the first 405 bprpbB was ligated
between th8anH| generated left arm &fTLF95 and thé&cdR| generated right

3) O} ;3> O & arm of ATLF95 which has been modified with the addition of the P22
t. antl052 promoterRanj to drive transcription of thepoB—lacZfusion. The
Smy, P Sy Pad prime symbols '} in lac'’Z and rpoB' indicate, respectively, the' &and 3

* 7) O O truncations of these genes. The position of 8T 2 transcriptional terminator
A B (T2), four tandem copies of tlBT1 transcriptional terminator ¥4T1) and
A B vy «B ¢ tetracycline resistance gene (Tet) are indicated. The phage vector attachment site
4) O j MZZ ? B (att), immunity region imm23), and representative structural genes in the left
8) @ @ arm @andJ) are also illustrated.

which in the case ofpoB representEcdRl and Styl, whose
cleavage sites are 245 bp upstream and 223 bp downstream of the
] ) ) ) ) ) translation start site). The position of these cleavage sites

Figure 2. Overview of the linker scanning mutagenesis protocol using the LSM determine the region of insert DNA that will be further analyzed
cassette. The plasmid vector is indicated with a single line, the insert DNA with . .
an open box, and the LSM cassette with the filed-in box. 1. Production of(target DNA). Any target DNA into which the LSM cassette has
randomly cleaved linear plasmid DNA by either (i) limited DNasel digestion in been ligated will increase in size by 1390 bp. The digestion
the presence of M, or (i) partial DNasel nicking in the presence of¥lg products are resolved by agarose gel electrophoresis and the
followed by gel purification of open circular plasmid DNA and limited digestion target plus LSM cassette band is excised and the DNA extracted.

with S1 nuclease. 2. Purification of linear plasmid DNA by agarose gel .
electrophoresis. 3. Insertion of the 1390 bp LSM cassette by ligation. 4. IsoIatioAn the case ofpoB, the 468 bp fragment containing a LSM

of insertions in the target DNA by digestion with restriction endonucleases A and-assette increases in size to 1858 bp. Alternatively, the original
B, followed by agarose gel purification of the A-B plus 1390 bp DNA fragment. ligation products can be used to directly transform a competent

5. Reinsertion of the target region containing the LSM cassette back into th¢= coli strain with the selection of ampicillin and tetracycline
ycktype plasmid backbone cleaved with A and B. 6. Recovery of a lbrary of yeistant transformants. The resultant colonies will be a library of
cassette insertions confined to the target DNA by transformation with . . . .
selection of colonies resistant to both ampicillin and tetracycline. 7. Digestion ofclones with the LSM cas;ette 'nser_ted anywhere into the plasmid.
the pooled library DNA witlSmaandBpi. 8. Recircularization of the plasmid ~ DNA prepared from the library is digested with endonucleases A
DNA by ligation to generate the final 12 bp LS mutations. and B and the target plus 1390 bp LSM cassette band purified as
described above.

Whether the target plus LSM cassette DNA fragments are
could explain the high proportion of deletions flanking the LSsolated directly from the original ligation or from a library of
oligonucleotide. Athough these deletions marked with the linkertransformants, they are then ligated back into the original
can still be useful in a mutational analysis, they do not satisfy thwild-type plasmid backbone that has also been digested with the
definition of a true linker scanning mutation. A and B restriction endonucleases. When the ligation products are

The second approach used to make flush double strandettoduced intdE.coli, the resulting transformants that are both
breaks in the DNA was to first nick one strand with DNasel in thampicillin and tetracycline resistant will represent a library of
presence of Mg, followed by cleavage of the strand opposite thd. SM cassette insertions confined to the target DNA. Plasmid
nick with S1 nuclease. In order to increase the probability of juENA prepared from the pooled library is then digested Siitta
a single nick per DNA molecule, the DNasel digestion waand Bpm to excise all of the LSM cassette except the 12 bp
titrated so thatB0% of the covalently closed circular plasmid oligonucleotide adjacent to ti®nad site. The plasmid DNA is
DNA was converted to the open circular form. The tworecircularized by ligation to generate the final linker scanning
populations were resolved by agarose gel electrophoresis. Aftawtations.
extraction, the nicked DNA was digested with S1 nuclease so thatHow the phenotype of the resultant LS mutations is analyzed
[B0% was converted to the linear form. The linear moleculesill depend on the particular system. If the plasmid carries all the
were purified by agarose gel electrophoresis and used in teequences required for expression of a functional product then the
subsequent steps. Sequence analysis of the LS mutatidigeted plasmid DNA can be transformed directly into the
generated by this protocol showed that the majority (>60%) wesgppropriate strain to generate a library of LS mutants for analysis.
direct linker replacements with no additional deleted nucleotideBecause expressionnpoBis subject to gene dosage artifacts, the
In those cases where deletions flanked the linker, the deletioafects of the LS mutations had to be analyzed in a single copy
were generally in the range of 1-6 nt, much smaller than thosember vector. Therefore, the recircularized plasmid DNA was
generated with DNasel in the presence ofMiRresumably the digested witiEcoRI andBanHl to yield a 659 bp fragment which
small deletions are the result of S1 nuclease action at theas purified by agarose gel electrophoresis and then ligated
transiently melting ends of the linear DNA molecules. between theBanHI-generated left arm anBcadRI-generated

The linear plasmid DNA was treated with alkaline phosphatasgght arm ofABC6 (Fig.3). Attachment of the fragment to the left
then mixed with the 1390 bp LSM cassette and ligated. The ligatedm produces a translational fusionrpbB to lacZ, while the
DNA is then digested with two restriction endonucleases thaight arm provides a version of tiaat promoter {0) to drive
cleave uniquely in the insert (indicated as A and B in Figure transcription of the fusiorn vitro packaging produces a library
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Table 1.Effect of linker scanning mutations on translation and translational repressjpoBof

200 150 -100  -50 1 50 100 150 200 Mutation l Position’ Translationl Feedback® l p-gal* I B-gal® ,
T T T e (%) 2 (Excess BB’)
- LS142 -222 to -211 86 6.3 801.7+6.2 127.3+10.0
- LSS114 -216 to -204 66 56 609.9+1.0 108.4+26
— LS117 -208 to -194 20 7.6 183.0+7.8 24.1+182
PR — LSS62 -194 to -181 42 6.0 393.0+3.2 65.2+4.0
— - LSS64 -176 to -164 96 52 889.3+46 1716+ 8.0
J— 1 LSS65 -183 to -159 126 5.1 1177.2+0.3 229.6 £4.2
P e LSS46 -191 to -158 78 55 721.3+25 131625
—_— . LSS57 -165 to -146 72 52 666.5+1.5 127.3+6.4
— . LSS53 -169 to -140 97 49 9059+14 186.1+ 3.8
— LS90 -141to -129 96 5.3 894.3+9.7 167.3+2.7
—_— LSS115 -1721t0-128 109 4.7 1015.5 £ 3.1 216.0+£34
T LSS113 -131to0 -117 80 4.7 7463142 160.3+24.2
—_— . LSS51 -165to -115 140 5.0 1298.3+ 1.1 261.4+21
" LSS48 -127to -110 79 5.4 730917 1356+ 4.1
i LSS47 -117 to -104 55 52 510.9+1.5 982+57
— LSS113 -120 to -96 81 52 749.7 £3.0 144173
. LS104 -102 to -86 50 6.1 4635164 764+ 96
— LS129 -94 to -80 113 56 1048.8+£3.3 186.5+ 1.3
g LS100 -98 to -78 74 6.1 6862+24 113.0+7.0
— - LS160 -86 to -69 17 4.0 156.3+1.6 38.8+15
. LSS123 -73 to -46 26 46 239.7+2.0 51.6+3.7
- LSS34 -69 to -35 23 4.7 2116+ 3.6 452+79
— LSS54 -57 to -31 15 52 1438+ 4.4 278%+13
— LSS58 -45 to -31 15 5.3 136.9+2.9 26.1+34
. LSS116 -37 to -25 2 5.8 189+45 3.3+113
—{ LSS31 -58 to -23 7 6.7 67.5+99 10.1+29
— LS122 -34 to -23 1 7.9 11.9+3.8 15+144
- LSS119 -30to -19 1 4.8 6.3+16.2 1.3+126
- 1.S62 -24to -13 2 8.4 1941125 2.3+106
— LSS122 -23t0-12 1 52 57+12.4 1.1+£00
L LS147 -22 to -1 1 7.0 109+73 16+8.0
— LSS32 -34t0-8 0.5 4.5 0.6 +28.1 0176
—— LSS702 -12to-1 12 6.8 113.7+3.5 16.8+13.4
—— LS135 -4 to 12 16 6.5 149.4 +10.2 23.1+£13.2
- LSS701 4to0 18 1 4.5 6.6+10.1 1.5+12.9
- LSS709 10to 21 1 53 13.0+£75 25+51
- LSS843 16 to 27 0.1 5.3 0775 0.1+15.0
- LSS44 26 to 40 9 7.2 87.9+6.1 122+17.2
- LSS121 36 to 47 14 4.8 126.7+2.8 19.116.1
- LSS744 46 to 57 31 6.0 2896+23 483+54
- LSS718 55 to 66 37 6.4 3412125 532+25
- LSS798 58 to 69 16 6.6 149.7+19 22.7+127
— LSS706 62 to 76 48 6.1 446.9+ 3.3 731+£23
—1 LSS809 66 to 77 3 5.1 2694122 52+204
- LSS740 70 to 81 58 55 538.1+34 976+7.0
- LS116 75 to 86 57 59 5341+7.4 90.1+£7.0
- LSS713 77 to 88 55 6.1 513.0+4.8 83.9+87
- LSS719 87 to 98 61 6.2 569.1+7.3 916+ 109
. LSS716 91to 105 82 6.4 764.3+ 5.6 1199+20
L LS55 94 to 105 21 6.0 192.3+3.6 32.3+106
- LSS737 102 to 119 28 6.2 256.8 +5.6 414+07
m———}— LS115 109 to 174 20 6.3 186.2 + 5.1 294+47
L LSS736 110 to 121 43 6.9 403.9+3.2 583+14
- LSS734 116 to 130 40 8.3 370.0+7.3 445190
- LSS720 126 to 137 47 6.8 4351+13 63.6%5.3
- LSS735 128 to 139 68 6.1 6334176 1046 £ 106
- LSS712 135 to 146 82 7.3 759.1+£56 1047 +£40
m——— LS128 138to 170 100 6.9 9315123 134.3+3.2
— LSS704 139 to 150 78 7.0 724340 103.8+4.5
- LSS714 142 to 153 84 7.2 7806 +13 1084 +58
- LSS717 153 to 173 109 7.2 1012.0+7.0 140.0+£ 3.6
m— LSS8722 170 to 181 109 6.6 1011.0+6.0 1525+ 1.0
None - 100 5.0 930.7+4.9 1843 +6.2

Iposition in the wild-type sequence that has been replaced by the LS oligonucleotide (and deleted in those mutationsithat have a
accompanying deletion). Numbering relative torieB start site (+1). The LS oligonucleotide is represented as a filled-in box, and

the deletions with an open box.

2Translation in percent was calculated as 2@B-gal units for mutatiof-gal units for wild-typeapoB-acZ fusion).

3Translational feedback was calculatedfgdl units in the absence of IPTBgal units in the presence of 1 mM IPTG).

4B-galactosidase activities were determined in the absence of IPTG as described in the Materials and Methods; all values are the
averages of at least six assays performed on three or more independent cultures. The percent standard deviation istpessdnted wi
average.

5B-galactosidase activities as described in footnote 4, except that they were determined in the presence of 1 mM IPTEaiednduce
' production from pACTBC.
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of phage clones each containing an LS mutation iptiesegment ]
of therpoB—lacZfusion. After plating on a bacterial lawn, individual ™
plagues were used to produce a plate lysate of each phage clone (s€&]
Materials and Methods). A DNA preparation made from each platet —
lysate was used for restriction site analysis and DNA sequencing.£

The approximate position of the LS mutation can be readilys
mapped by digestion wifmll, which cleaves uniquely inthe LS & ]
oligonucleotide, and another restriction endonuclease that 4]
cleaves in the flanking DNA (e.g. enzymes A or B in EjgThe 20
size of the resulting DNA fragment determined on polyacryl- TR R o L
amide gels provides a measure of the distance of the LS mutation L
from the restriction site reference point. Such restriction site
mapping is useful for rapidly screening clones to identify _ _
mutations in a particular region of the target DNA. The exac{9ure 4- Map of sequences important for translationrpéB. For each

L. . ; mutation (indicated with a thick black line) the level of translation of the

position of the mutations was then determined by thermal DNApoBlaczfusion listed in Table 1 is plotted versus the mutation position. The

cycle sequencing of thrpoB target region. nucleotide position is with respect to the A (+1) of the start codon. The curve
drawn through the points is based on % @egree parabolic regression

) . o conducted by the Fig. P software (Biosoft). The shaded boxes indicate the

Analysis of sequences important for efficient position of the two regions that form the proposed stem of the RNaselll

translation of rpoB processing site.

Sixty two mutations which provide continuous coverage Ohaye their main influence on mRNA stability which in turn would
400 bp extending from220 bp upstream to 180 bp downstreamgffect the level of th@ subunitB-galactosidase fusion protein.

of the rpoB start site were chosen for further analysis. Therhe RNA level of 14 selected mutants, which had translation
positions of these mutations, which include both true linkefevels ranging from 113 to 1%, were directly measured by the
scanning mutations and LS oligonucleotide insertions WwitlRNase protection assay (see Materials and Methods). The 490 nt
accompanying deletions, are summarized in Telllgsogens of  RNA probe extends from &ty site 221 nt downstream of the
the recombinank phage carrying a mutation in theoB—lacZ B start, through thepoB—lacZjunction intolacZ This probe
fusion were made ift.coli strain MG4 which also contained sequence begins just downstream of the target region for LS
PACTBC. B-galactosidase assays on exponentially growingnutagenesis, so an identical hybrid will be formed with all
cultures of these lysogens provide a measungo translation  mytated RNAs. The RNA from each cellular extract will form
in each. mutant (Tabl&). Many mutations were found to affect two hybrids with this probe. One, with theoB—lacZjunction
translation of therpoB-lacZ fusion, but an overall profile RNA from the fusion will be 427 bp, while a smaller hybrid of
emerges from the map of translational efficiency versus mutatioygo bp will form with therpoB RNA produced from both the
position that is presented in FiguteStarting from the 'Send  chromosomal copy apoB and any leaky expression from the
there appears to be a significant drop in translation Wh%pressed copy ofpoB on pACTBC. This smaller hybrid
sequences centered around —200 to —190 are altered. Mutat§igyvides a convenient internal standard which was used to

sequences between approximately —180 and —120 has a varig@iemalize the levels opoB—lacZRNA measured in the mutants.
but lesser effect with translation levels ranging from an increase

of 40% to a decrease of 30%. Most mutations in the range of —120
to —80 decrease translation from a modest 20 to G@#b,the  Table 2.rpoB—lacZRNA levels
exception of LS129 which increases it slighthpwever, as the

Nucleotide Position

3 end of the mutation gets closer than 70 nt upstreapoBfthe ~ Mutation Translation MRNA amourt
translation level dropdramatically. Five mutations that have the none (BC6) 100 100
3 end of the mutation in the —70 to —30 interval have translation 5129 113 85
levels in the range of 26-15% of the wild-type. The region, g;,g 100 101

spanning —25 to +16 appears to be critical, since 10 out o

13 mutations in this area reduce translation to 2% or less. Then 53°° % %8
the B8 end of the mutations move 16-91 nt downstream optiz ~ LS142 86 93
start site there is a general increase in translation ranging from 9 100 74 86
82% of the wild-type (with the exception of LSS809). This is Ls116 57 92
followed by a drop in translation for three mutations that have g104 50 101
5" and/or 3endpoints between +94 and +109. As then8l of the S55 21 58
mutations move from +110 to +138, there again is a generaLI
increase in translation to normal levels. Finally six mutations with-S117 20 70
a 8 end mapping in the interval from +135 to +170 have translatiortS115 20 55
levels which vary from the wild-type by only 22% or less. LS160 17 50
LS135 16 71
Stability of the mutated rpoB—lacZ mRNA LS62 2 37
LS122 1 35

Although the assumption is that the primary effect of these
mutations is on the translation efficiencyrpbB, some could aaverage of two determinations as described in Materials and Methods.
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Figure 5. Effect of mutations on the translational repression exertefgai
Nucleotide Position

by increased concentrations of btandp'. For each mutation (indicated with
a thick black line) the feedback ratio listed in Table 1 is plotted versus the
mutation position. The dotted line indicates the feedback ratio for the wild-type

rpoB sequence (5.0) after inductionffind@ production from pACTBC. Figure 6. Effect of mutations on the translational repression exertegat

by increased concentrations [@f For each mutation (indicated with a thick
black line) the feedback ratio listed in Table 3 is plotted versus the mutation

; ; ; osition. The upper dotted line indicates the feedback ratio for the wild-type
The 14 mutations analyzed fall into three groups with respect teroB sequence (2.0) after induction [8f production from pEXT21C1. The

tranSIE_mon_ Ievel_ and mRNA amounts (Talle Seven of the lower broken line indicates the feedback ratio for a control fusion of an intact
mutations in which translation levels ranged from 113 to 50% haghcz gene attached downstream of #m1052 promoter.

mMRNA amounts that did not vary significantly from the wild-type

rpoB—lacZ fusion. The next group of five mutations that had

translation levels in the range of 21-16% showed mRNA levels thitta given mutation eliminated the repression site for one subunit,
decreased to 71-58% of the wild-type. Finally, two mutations thae other subunit could still interact with its site and the feedback
drastically decreased translation to 1-2% of the wild-type showedaio would not decrease appreciably. To directly test this, a series
drop in mRNA levels to about one third (35 and 37%) the normaf recombinant phage carrying selected LS mutations were used to
level. So both groups that showed a substantial reduction ligsogenize MG4 containing pEXT21C1. This low copy number
translation of the3 subunitf-galactosidase fusion protein also expression plasmid overproduces only fhesubunit under the
showed a reduction in the level of tpeB—lacZjunction mRNA.  control of theac promoter anthc repressor. Although higher copy
However, the levels of RNA were still considerably higher than theumber plasmids that exprggsalone can achieve feedback ratios
level of translation (3—4-fold higher for the intermediate group, angds high as 13his high a level of expression is lethal to the cell,
19- and 35-fold higher for the most severe mutations). presumably as the result of limiting expression of the chromosomal
copy ofrpoB (4). The level of3' overproduction from pEXT21C1
with 10 uM IPTG gives a lower feedback ratio of 2.0 for the
wild-type rpoB—lacZfusion but is not detrimental to cell growth
(Table3, Fig. 6). There is a significant loss of repression by two
The current collection of mutations was analyzed in an attempt partially overlapping mutations, LSS701 (+4 to +18) 288709

more precisely define the sequences essential for feedbagl0 to +21), which both have a feedback ratio of 1.3. The partially
regulation ofrpoB translation. As described above, lysogens obverlapping LSS843 (+16 to +27) has an intermediate feedback ratio
each recombinant phage were made iB.aolistrain which also  of 1.5. Seven of the eight LS mutations that map downstream of
contains theBf}’ expression plasmid pACTB@) TherpoBC  LSS843 had near normal repression with the exception of LSS809
genes in this plasmid are transcribed fromab@romoter which  (+66 to +77) which had a feedback ratio of 1.3. The overproduction
is regulated by théac repressor. In the absence of IPTG theof 3’ from an expression plasmid has been shown previously to exert
-galactosidase activity produced fromtheB—lacZfusion will  a small general reduction on the expression of other géné(
reflect the level of translation with normal concentratiofissofd  quantify this non-specific effect under these conditions a fusion of
', while in the presence of inducer the activity will represent thihe intactlacZ gene downstream of thentl052 promoter was
translation level afpoB-lacZin the presence of an excess of bothassayed. The expression of this control fusion, which has the same
B andB'. The ratio of these two levels gfoB translation is reporter gene and promoter asrt@B—lacZfusions but without the
presented as the feedback ratio in Tablénder these conditions specificrpoB sequences, was reduced 1.2-fold in the preseifite of
the wild-type fusion XBC6) shows a 5-fold reduction in Therefore, the ratio of 1.3 seen with some of the mutations represents
translation (feedback ratio of 5.0). The feedback ratio is plotteAlmost a complete loss of repressiompoB translation.

versus mutation position in Figusgbut, surprisingly, none of the

mutations show a significant decrease in feedback under thgsgscuyssionN

conditions.

We demonstrated previously that not only was the combinatiofhe analysis of cloned genes and their regulatory sequenges by
of B andp' an effective regulator ajpoB translation, but that vitro mutagenesis generally proceeds from a primary analysis with
excess levels of each individual subunit could also cause represssimple deletions to finally generating single base substitutions. A
of rpoB translation 4). Therefore, if each subunit interacted with variety of methods can be used to produce deletions that extend into
a different region on ttrpoB mRNA it would be possible that even the region of interest from both the upstream and downstream

Analysis of sequences required for autogenous
regulation of rpoB translation
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directions {8). This initial deletion analysis can define the bordersnicking the circular plasmid DNA with DNasel in the presence of
of important regulatory elements and point the way to more preciség?* and then linearizing the nicked DNA with S1 nuclease,
mapping of critical sequences. Ultimately, the contribution oflthough the S1 nuclease digestion must be carefully controlled to
individual nucleotides can be examined by constructing single balit nibbling at the termini of the linear DNA.
substitutions with techniques such as oligonucleotide directedlf the resultant library of LS mutations does contain a substantial
mutagenesis1@). But in most cases the region delimited by thefraction with accompanying deletions many of those can be
deletion mutants is generally too large to analyze efficiently bgliminated by excision of the target sequence from the pooled
single base substitutions. Surveying this region with a collection plasmid DNA with the appropriate restriction enzymes followed by
‘clustered point mutations’, that is, changes in the range of 8—Kk&paration on high resolution polyacrylamide gels. Extraction of the
adjacent base pairs at a time, is an effective intermediate step. Thislength target band and ligation into the plasmid backbone would
can be achieved by generating linker-scanning mutations. Tieoduce a second library containing a higher proportion of LS
original procedurel) and even a later streamlined versi@d)( mutations with no deletions. The efficiency of this additional step
devised to construct such mutants are laborious. However using ti# depend on the size of the target sequence and the resolving
protocol described here, regions of DNA on the order of 100-500 Imower of the gel system. Although larger deletions should be
can be readily saturated with LS mutations. eliminated, smaller deletions of several nucleotides would probably
The most problematic step of the overall protocol is the efficiemot be resolved from the full length fragment and thus would still be
conversion of circular plasmid DNA to full length linear moleculegpresent in the final library.
with blunt termini. Digestion with DNasel in the presence ofMn  Any other procedure that productively converts closed circular
can produce such linear molecules)( However we found in  DNA to full length linear molecules would greatly increase the
agreement with earlier workl{) that, even when the limited ease and efficiency of the overall protocol. One such approach is
digestion is carefully titrated, a significant fraction of the moleculeto linearize the DNA by partial digestion using a variety of
undergo secondary cleavage with the loss of nucleotides adjacentdstriction enzymes that cleave DNA frequently and generate
the initial cleavage site, and as a result the majority of mutations halilint ends. Although this may produce useful mutations, it would
a deletion flanking the LS oligonucleotide. We found a much higherot saturate the target sequence since the distribution of the LS
proportion of full length linear molecules was produced by firstnutations would be dictated by the location of the restriction sites.

Table 3. Effect of linker scanning mutations on the translational repressigroBfby ('

Mutatior® Position of mutatio® Feedback B-gad B-gal (exces§')e
BC6 none 2.0 1185+ 3.0 597+ 7.8
LS129 —94 to —-80 1.9 11804.5 627+ 3.5
LSS122 -23to -12 1.7 108.4 11+ 3.7
LSS702 -12to -1 2.4 1#62.3 73+ 5.6
LS135 -4 t0 12 1.9 156 4.5 82+ 2.9
LSS701 4to018 1.3 1455 11+ 3.8
LSS709 10to 21 1.3 186.1 14+ 9.2
LSS843 16 to 27 1.5 0823 0.6+ 4.9
LSS44 26 to 40 1.9 1064.0 55+ 1.3
LSS121 36 to 47 1.8 1824.9 102+ 1.0
LSS744 46 to 57 2.2 3574.8 160+ 4.9
LSS798 57 to 68 2.1 1965.0 92+ 1.5
LSS809 66 to 77 1.3 3025 24+ 15
LSS740 70to 81 2.0 6804.3 342+ 4.2
LSS719 87 to 98 2.0 6984.9 339+ 5.3
LS55 94 to 105 2.2 28¥ 4.0 132+ 5.6
PANT1052 none 1.2 4670+ 1.7 3816+ 4.9

aThe LS mutations present in th@oB gene fused in frame tacZ and carried on a lambda vector. pANT1052 contains an intact céggZadownstream
of theantl052 promoter.

bposition in the wild-type sequence that has been replaced by the LS oligonucleotide (and deleted in those mutations tiatdraparaying deletion).
Numbering relative to thepoB start site (+1).

CTranslational feedback was calculated®gdl units in the strain without a subunit expression plagagel units in the strain expressigigrom pEXT21C1

in the presence of IPTG).

da-galactosidase activities were determined in the absence of a subunit expression plasmid as described in Materials aaith\Mktesdse the averages
of at least six assays performed on three or more independent cultures. The percent standard deviation is presentadeafigeeach
€3-galactosidase activities as described in footnote 4, except they were determined in the presencp' @eressed from pEXT21C1 induced with.0d
IPTG.
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The size of the LSM cassette and the selectable marker it carr{gersion 9). Interestingly, several regions of theB mRNA in
are key features of this protocol and once linear DNA moleculébe vicinity of the start site showed a high degree of
are generated, the remaining protocol is direct and efficientomplementarity to sequences in 16S rRNA. A stretch of 8 nt (+5
Although the LSM cassette can be inserted anywhere into the +12) has 100% complementarity to the 16S rRNA sequence
plasmid when the DNA is randomly cleaved with DNasel, thérom 453 to 460. It is noteworthy that this region overlaps the
increase in the target DNA fragment size provides a diresiequence (458—466) which has been suggested to enhance the
physical selection for only those insertions which are present lavel of translation of thatpE gene as well as translation of the
that sequence. Following ligation of these larger fragments bablacteriophage T7 gene 1@3(and references therein). An
into the plasmid backbone, the isolation of tetracycline resistaatljacent rRNA sequence (463-472) has also been proposed to
colonies provides a phenotypic selection for only those recomlyirovide an extra site of interaction with thidC mRNA to
nant plasmids that contain the LSM cassette. increase its level of translatioZ23). In addition, the interval

The current LSM cassette was designed with recognition site$ rpoB mRNA from —16 to +3 showisB0% complementarity
for Smd, Bpm andPmll because of the absence of these sites iwith the 16S rRNA sequence from 1053 to 1071. This region of
therpoB target fragment and pLK6 plasmid. This cassette can #65S rRNA may be important in interactions with mRNA leading
used directly to mutagenize any other recombinant plasmid thiat translation initiation since nucleotide 1052 of 16S rRNA can
does not have recognition sites for these enzymes. If the plasnbié cross linked to the +6 nucleotide of MRNE&)(
does contain these sites, either they would first have to beA second model is that the RNA secondary structure of this
eliminated by oligonucleotide mutagenesis or a new LSMbverall region may be important to keep the TIR accessible to the
cassette would have to be designed with recognition sites for otl89S subunit. Changes upstream or downstream of the TIR may
enzymes that do not cut the plasmid. In addition to providing lzad to alterations in secondary structure that then sequester the
convenient marker for the position of the LS mutation, the uniquélR. Preliminary computer analysis of possible mMRNA secondary
Pml site present on the LS oligonucleotide can facilitate thstructures using the MFold prograg¥) of the Wisconsin GCG
construction of deletions spanning the distance between any psaftware package (version 9) suggests that at least some of the
of LS insertions. Following digestion withml, the ligation of mutants have the potential to form secondary structures different
any upstreanPml terminus to any other downstreaBmil  from the wild-type sequence. However, we have not found a
terminus results in the deletion of the intervening sequence. compelling correlation between the accessibility of the TIR in the

Analysis of the series of LS mutations that were isolated iputative secondary structures and the measured level of translation
rpoB indicates that an extensive region surrounding the start siier the different mutants. The MFold program does not predict
is important for efficient translation. All 23 mutations that alterpossible psuedoknot or tertiary structure that would also influence
sequences between —69 and +58 reduce translation to a thirdher accessibility of the TIR. Therefore direct structure mapping of
less as compared to the wild-type sequence. In particular, 10 ¢his region will be required to assess its importance in the
of 13 mutations that alter sequences in the region of —25 to +1@nslation ofpoB.
have translational levels of 2% or less. For reosbli genes, the Two other regions considerably farther from the TIR have a
minimal translational initiation region (TIR) is defined as the starsignificant impact on translation levels. Upstream of the TIR,
codon and the upstream Shine—Dalgarno region composed miitation LS117 (—208 to —194) and to a lesser extent the flanking
3-8 nt that match the sequence AAGGAGGD) (The distance mutation LSS62 (—194 to —181) showed reduced translation. This
between these two sites can vary between 4 and 12mppbBn  region has been shown to contain an RNaselll processing site
there are 5 nt between the AGGA Shine—Dalgarno sequence amith the 3 end of the cleaved transcript mapping in the vicinity
the AUG start codon. Surprisingly, two LS mutations that directlypf —194 to —191 and théé&nd in the vicinity of —183 to —180%).
overlap these sites affect translation to a lesser extent than thhas been proposed that sequences from —200 to —170 and —121
flanking mutations (LSS702, —12 to —1, 12% translation; LS13%p —91 form a stem that is important for RNaselll proces&iflg (
—4 to 12, 16% translation). However, the altered sequence Tinerefore, the sequence alteration in LS117 and LSS62 may
LSS702 has a potential Shine-Dalgarno sequéA@&GGG)  directly affect cleavage by RNaselll or interfere with formation
located 9 nt upstream of the start codon. Although the LS13¥ the secondary structure that may be necessary for efficient
mutation eliminates the normal start codon, it positions aRNaselll recognition. We have not directly assayed processing of
alternative GTG start codon 5 nt downstream of an improveithe mutant transcript, but if it is reduced it would suggest that
Shine—Dalgarno sequen@®GGAAG). Sequences flanking the cleavage of the polycistronipoKAJLrpoBCmRNA at this site
Shine—Dalgarno sequence and start codon appear to be critisaimportant for normal translation gioB.
because six mutations that map immediately upstream of theAlteration of another region locatei05-126 nt downstream of
Shine—Dalgarno region and three mutations that map jusierpoBstart also reduces translation&d—40% of the wild-type,
downstream of the start codon all reduce translation to 2% or lesdthough it is not clear how sequences >100 nt into the structural

Two general models might explain why extensive sequehcesgene could have such an effect on translation. With a transcription
and 3 to the start codon are required for efficient translation ofate ofL b0 nt/s irnE.coli (27) it would seem unlikely that sequences
rpoB mRNA. One proposal is that positioned within this regiorthis far downstream could affect the secondary structure of the
there are elements in addition to the Shine—Dalgarno sequerRNA in the vicinity of the start site before the first 30S particle
and start codon that are important for the mRNA interaction wittvould bind to the TIR.
the 30S subunit. A variety of additional recognition elements Analysis ofrpoB—lacZmRNA levels for a selected set of LS
have been suggested in different transcripts (reviewed Jef. mutations indicated that those mutations which showed
The sequence surrounding theoB start site was analyzed to significantly decreased translation also had reduced amounts of
identify any regions of complementarity with 16S rRNA usingRNA. However, in all these cases the decrease in the level of the
the Best Fit program of the Wisconsin GCG software packadgsubunitf-galactosidase translation product was much greater
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that the drop in RNA levels. The four upstream protein genegpression seen with the downstream LSS809 (+66 to +77)
(rplKAJL) are also subject to autogenous translational regulationutation might be explained by the observation that this mutation
(28), with two independent translational feedback circuits, oneauses drastic changes in the predicted RNA structure and
involving rplKA and the other faplJL. It has been demonstrated incorporates the putativ@' binding site into a long, stable
that the stability of theplKA mRNA is decreased as an indirect stem—loop structure. The predicted RNA secondary structure of the
effect of reduced translation, presumably as a result of decreas#ier LS mutations that do not reduce repression consistently show
ribosome density on the message)( The finding that the LS the same weak stem-loop structure seen with the wild-type
mutations reduce RNA levels much less than they decrease ggfluence. A change in the RNA secondary structure in this region
translation product, also suggests that the primary effect of the@@y also explain the previous observation that a deletion which
mutations is to decrease translation which in turn reduces thefained only 70 bp ofpoB had reduced repressiofi).( The
stability of the mRNA. Although it is possible that some LsPredicted folding of this deleted RNA incorporates the +13 to +25
mutations could have their main effect on RNA stability, we€gion into a duplex structure which may be inaccessibé. to
assume that the overall profile seen in Figlreflects sequences More direct techniques such as RNA footprinting will be required

which have their primary effect on translation. to confirm the prediction thfit binds in the vicinity of +13 to +25
Previously, using a collection afpoB—lacZ translational and that binding is reduced in the mutated sequences which lower

fusions with differing amounts @poB deleted, we found that a '®Pression.

construct which retained only 70 bp of thgoB sequence

downstream of the start site exhibited very little repression i

response to increased concentratiorfisanfdB’ (6). The simplest ACKNOWLEDGEMENT
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