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ABSTRACT Rho-dependent termination process involves three steps (for reviews
) ] o seel?2 and13). The protein first binds to the RNA transcript at a
In this paper, we present evidence that an efficient loading site located well upstream from the termination endpoints
Rho-dependent terminator can be created by introducing (14). This binding activates the RNA-dependent ATPase activity,
a simple (AG/TC) , DNA repeat into a transcription unit. leading to a preferential ® 3 translocation of the protein along
The Rho termination activity  in vivo and in vitro is  the RNA towards the transcription elongation complex stalled at
dependent on the length and the orientation of the a downstream pause sité5¢18). Using its ATP-dependent
insert. The transcription of at least 30 bp of the helicase activity, Rho then dissociates the RNA transcript from
(AGITC), repeatin the orientation encoding the ('UrC)  ,  the ternary complex.Q). The RNA transcript, therefore, plays a
sequence on the transcript leads to Rho-dependent key role in Rho function by facilitating a productive interaction
termination at a downstream non-terminator site. Our between the protein and the transcription elongation complex.
results indicate that the high efficiency of this artificial Several features of the RNA have been shown to be important
Rho-dependent terminator is due to optimal interactions for Rho recognition and actio&@and references cited therein).
between the (rUrC) , RNA sequence and Rho protein. During the initial step of the termination process, Rho acts as an
Thus, our findings strongly suggest that an adequate RNA binding protein. The binding site for the Rho hexamer has
loading site is the primary determinant for Rho been defined as a sequencé&lt—80 nt in length that is rich in
termination activity and provide a more defined system cytosines and devoid of secondary structtieZ?). The general
for future investigations. preference of Rho for cytosine-rich RNAs led to the postulate that
the interactions between cytosine residues and the protein are
INTRODUCTION essential for high affinity binding at the loading si&$,23).

However, extensive site directed mutagenesis ofttelements

Transcription termination iBscherichia colbccurs at two types of AtR1 and trp'tterminators did not reveal any direct correlation
of terminators that differ by their mechanisms and DNA sequencégtween the efficiency of termination and the content or spacing
(1). Whereas transcript release at intrinsic terminators is af the cytosine residues within the Rho binding sité-26).
spontaneous process and involves only RNA polymerase, termiriehese results suggested that high affinity binding at the loading
tion at Rho-dependent termination sites requires the participatiaite is not the only determinant for efficient termination.
of Rho protein. A variety of Rho-dependent terminators have beenThe subsequent translocation of Rho depends upon cycles of
identified in prokaryotic genomes. However, only a few exampleRNA binding and release that are coupled to rounds of ATP
have been analyzed in detail, mostly due to their complexity. Férydrolysis (11,17,18). Using short RNA oligonucleotides as
instance, the well-studied Rho-dependent terminat®l is  cofactors, Wang and von Hippé&lq) have examined in detail the
composed of two distinct but overlapping parts extending over A'Pase activity of Rho as a function of the RNA sequence. These
region of 200 bp. The upstream part, catl#dencodes a segment studies have shown that mixed (rUrC) oligomers stimulate the
of RNA to which Rho bindsX4). Deletion experiments, as well ATPase activity of Rho more than do homo-oligomers of rC. The
as oligonucleotide competition$)( have shown that theut  maximal ATPase activity depends on the position of rU residues
element, and especially two regions designatg8landrutB, are  within the mixed (rUrC) oligomers. Thus, it was suggested that
required for efficient Rho-dependent termination. The downstreafanctional interactions between Rho and the transcript that lead to
part contains several clusters of sites where termination occueficient Rho-dependent termination may rely on a combination of
(6,7). Some of these sites have been correlated with the positidight binding of RNA segments to individual cofactor binding sites
where RNA polymerase pauses extensively during transcripiithin the Rho hexamer and the rate at which these segments are
elongation ,9). released following ATP hydrolysis. Apparently, in mixed (rUrC)

Most of our current understanding of Rho function stems froreequences, the rC residues provide strong binding whereas rU
in vitro investigations of the structural and enzymatic propertiegesidues facilitate the release of RNA during the translocation
of the protein. Rho acts as a hexamer of identical subunits, egmocess £7,28).
subunit having specific domains for binding RNA and ATB (1 In this study, we have test@d vivo the validity of the current
and references therein). According to a widely accepted view, tineodels of Rho-dependent transcription termination. We asked the
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guestion whether the presence of an (rir@peat within a J. Roth 82) and they were provided to us by L. Bossi (Gif sur
transcript can be sufficient to bring about Rho-dependent RNXvette, France).

release at non-terminator DNA sequences. To this end, we have

inserted different lengths of the (AG/T)NA repeat between a ) _ )

promoter and the coding region of the chloramphenicol acetyisolation and analyses ofn vivo RNA transcripts

transferase (CAT) gene. Our results show that transcription of the ) ,

insert in the orientation encoding the (rJy@peat on the transcript | 0tal bacterial RNAs were extracted from the cells harboring the
leads to efficient Rho-dependent termination at a downstream SRi@Smids as previously describeg3,4). The induction with
within the CAT gene. The presence of a stretch of 30 nt of theMM IPTG was done 20 min prior to the cell harvest. Northern

(rUrC), sequence on the transcript is sufficient to induce thBlotanalyseswere performed by fractionatingdof total RNA
termination process. on a 2% agarose gel containing 6% formaldehyde. The RNAs

were transferred onto a nylon membrane filter and hybridized
with 32P-labeled DNA probes as follows. The membrane was
MATERIALS AND METHODS prehybridized for 4 h at 4@ in a solution containing 50%
formamide, 5< SSPE, X Denhardt solution, 1% SDS and
100ug/ml denatured sonicated calf thymus DNA. After addition
Enzymes and chemicals of the denatured DNA probe, the hybridization was allowed to
Escherichi IRNA 0ol btained f Sj proceed for 18 h at 4C. The membrane was first_washed at
scherichia COIRNA polymerase was oblainéd from: sigma oom temperature in2 SSC plus 0.5% SDS for 10 min followed
(France). Restriction enzymes, the Klenow fragment of DN y two washes at 3€ in 0.5x SSC plus 0.1% SDS for 15 min.

pol;;merassell, T4 PNA I\IligasE, T|4 %ogn?cgeotge kina[s:e aNGhe different probes used, thecRl-BanHI Tac fragment, the
nuclease S1 were from New England Biolabs (Ozyme, Franc jndlll-Pvul CAT proximal fragment and thevul-Sty CAT

The enzymes were used according to the manufacturer&stal fragment were labeled by random priming.

specifications. All the chemicals, including the antibiotics, were S1 maobi ; ; :
. pping was performed as previously describédwith
from Sigma. The unlabelled NTPs, dNTPs and ddNTPs Wesbme modifications. Briefly, a single-strandeiéghdIll—Pvul

bought from Boehringer Mannheim and ##e-labeled NTPs probe labeled at itdindlll 3' end was mixed with 45 of
and dNTPs were from Amersham (France). All oligonucleotideg, .- RNA in 40yl hybridization buffer (40 mM PIPES pH 6.5,

were obtained from Eurogentec Belgium. 0.4 M NaCl, 1 mM EDTA and 80% formamide) at&for 15 h.
After addition of 225ul of H,O, 5pl of 3 M NaCl and 3@l of
Plasmids and bacteria 10x S1 buffer (300 mM sodium acetate pH 4.6, 10 mM zinc

. . L . acetate, 50% glycerol and 2Q@/ml denatured herring sperm
The plasmid vector pKKTac is a derivative of pKK23228)(in  pNA), the sample was digested with 160 U of S1 nuclease for
which the Tac promoter was inserted at3ined site to drive the 10 min at 37C. The protected hybrids were precipitated with

transcript!on of the CAT gene. The Tac promoter was su_bcloned &Panol and analyzed on a 5% denaturing polyacrylamide gel.
a 90 bpHindlll-BanHI fragment from pDR540 (Pharmacia). The

pAGn and pTCn plasmid derivatives were constructed by inserting

the (AG/TC) repeats in both orientations at the filledsal site of  |n vitro transcription assays

pKKTac. For pAG44 and pTC44, the (AG/BE)repeat was

subcloned from an existing plasmi&DJ. For the other derivatives, Thein vitro transcription mixture contained, in a total volume of
the inserts were made by ligating two 10mer complementa®5yl of buffer (40 mM Tris—HCI pH 8; 5 mM MgGI1 mM DTT
oligonucleotides (AG) and (TC}. The ligation products were and 150 mM KCI), 0.15 pmol of supercoiled DNA plasmid,
separated on a 10% polyacrylamide gel and the relevant multimé&sg pmol of RNA polymerase and, when present, 1 pmol of
isolated. The lengths and the orientations of the inserts weparified E.coliRho hexamer (the Rho protein was a generous gift
determined by dideoxy sequencing. The resulting plasmids wei®m P. von Hippel; its preparation was previously repoféq;
designated according to the sequence of the RNA within thEhe sample was incubated for 10 min at@7o form open
Tac-promoted transcript. The\iR1 plasmid was constructed by complexes. When desired for competition experiments, 8 pmol of
cloning a 233 bptR1 fragment containingitA, rutB, tl, tiland tlll  the 18mer oligonucleotides AG18, CT18 or AG18/CT18 duplex
sequences into the filled-fBal site of pKKTac. The terminator were added at this time. The elongation reaction was then carried
fragment was prepared franDNA by PCR amplification using the out for 15 min at 37C in the presence of three unlabeled NTPs
primers 5AGCCCTTCCCGAGTAAC-3and 5-TAGTGCCTC- (200uM each) and one labeled NTP (@M non-radiolabeled
GTTGCGTT-3. All of the above constructions and the preparatiorand 60 nM at 3000 Ci/mmol). The reactions were stopped by the
of plasmid DNAs foin vitro transcription were performediacoli  addition of a solution containing 4@/ml tRNA, 1 mM EDTA
HB101 according to standard procedurg$).(For thein vivo  and 0.3 M sodium acetate. After phenol extraction, the samples
studies, the plasmids were introduced into HB104 from our  were ethanol precipitated and resuspended in 80% formamide-
laboratory collection. The' Fepisome was maintained by growing dyes solution and analyzed on a 6% denaturing polyacrylamide
the cells in the presence of @/ml of kanamycine. The Tac gel. To study the kinetics of RNA elongation we used the same
promoter was induced by addition of IPTG at the final concentratidranscription protocol, except that the KCI concentration was
of 1 mM. For the experiments with the Rho mutant,3ainonella 50 mM, and instead of a supercoiled plasmid we used the
typhimuriumisogenic strains were used: the wild type rho+ straiEcaRI-Pvul restriction fragment from pTC44 as template. The
and theho-111mutant which has a mutation in Rho coding regiorfragment was cut from the plasmid and purified on a 6% native
that abolishes Rho-dependent termination at non-permissipelyacrylamide gel. The transcription reactions were arrested at
temperature (37C). The two strains were from the collection ofthe indicated times by addition of the stop solution as above.
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Figure 1. Schematic illustration of the relevant part of the plasmid constructs used i
in this study. The pAGn and pTCn plasmid series differ by the orientation of the H
(AG/TC), insert relative to the direction of transcription initiated at the Tac
promoter. In addition to the relevant restriction sites, the translation stop codons
(TSC), the ribosome binding sites (SD) and the CAT start codon are indicated.
RESULTS Figure 2. Northern blot analyses o vivo transcripts initiated at the Tac

promoter. A andB) RNAs extracted frori.coli cells harboring the indicated

T constructs.€) RNAs extracted from wild typ®.typhimuriun{lanes 9 and 10)
Effect of (AG/TC)n repeats on transcriptionin vivo and from aho-111mutant (lane 11) transformed with the indicated plasmids.

All the cells were grown at 3T (non-permissive temperature ftmo-111

Figure 1 illustrates the relevant features of the plasmid vectormUItl;:mt)-hThe bl?rtus igl(/t%_ang C) WeLegyg_ridigedt\évggg:iﬂglll—mzl DNbA
pKKTap t.ha.t was use.d to study th.e effect of (AGﬁFl@peats on ggaeﬁsvzs?r:z‘iagteilig?lt lgrésl Vﬁ?l?rid)i/zgticl)znebevt\\lflveen the pt?obe anzrg3g rRNA.
transcriptiorin viva This vector carries the CAT gene driven by the
IPTG-inducible Tac promoter. Different lengths (44, 30 and 20 bp)
of the (AG/TC) repeat were inserted in both orientations eb#ie
site which is located between the transcription start site (+1) and tbgser extent, for pTC30, but did not detect the short RNAZB)g.
first codon of the CAT gene (AUG). The resulting plasmid seriegve therefore concluded that the short RNA produced from
PAGN and pTCn were designated according to the RNA sequens®C44, and to some extent from pTC30, corresponds to a
(rArG)y or (rUrC), within the Tac-promoted transcript, respectively. Tac-promoted transcript that has been either terminated within, or

The effect of the (AG/T@)inserts on the expression of the CAT truncated up to, the region betwedindlll and Pvul sites.
genein vivo was first monitored by testing, under inducing
conditions, the chloramphenicol resistanck.obli cells harboring
the plasmids (results not shown). As for cells carrying the pareRho protein is involved in the termination process
plasmid vector pKKTac, chloramphenicol at 1@@ml did not alter
the growth of cells harboring pTC20 or any one of the plasmids froithe effect of the (AG/TG)sequence on Tac-promoted transcription
the pAGn series (pAG44, pAG30 and pAG20). However, under tidepends on the orientation and the length of the insert and
same conditions, cells transformed with pTC44 and pTC30 wetkerefore on the nature of the transcript. Furthermore, the putative
sensitive to the antibiotic. At lower concentrations of chloramphentermination endpoints are located downstream from the repeat.
col (10-30pug/ml), the pTC30-transformed cells grow slowly These facts prompted us to consider the involvement of Rho
whereas no growth was observed for cells carrying pTC44. Thesmtein in the termination process. To test this possibility, the
results suggested a possible interference of the insert at thenscriptional behavior of the plasmid pTC44 was analyzed in the
transcriptional or post-transcriptional levels. S.typhimuriuntho-111 mutant. The temperature-sensitihe-111

To determine if the inhibition of CAT expression in pTC44 andhllele has been well-characteriaedivoandin vitro (32,35,36). At
pTC30-transformed cells was exerted at the level of transcriptiothe non-permissive temperature (BJ, the mutant strain is
we performed northern blot analyses of the RNAs prodirced defective in Rho-dependent termination, presumably due to an
vivo. Figure 2A shows the results obtained with a probe thatltered interaction of the mutant protein with the transcBipit (
hybridizes to the "Jpart of the CAT RNA transcriptH{ndlll—-Pvul Figure2C shows the northern blot analyses of the RNAs extracted
fragment; Fig.1). In agreement with the chloramphenicol from the wild type and the mutant cells transformed with pTC44.
resistance tests, the probe reveals that a full-length CAT-specifis for E.coli cells, theHindlll-Pvul DNA probe reveals the
RNA (11250 nt in length) was made from the plasmids pAG44runcated transcript that was made in the wild type strain
pAG30 and pTC20 (lanes 1, 3 and 5). An RNA message of similaarboring the plasmid (lane 10). Conversely, the transcription of
size was observed for the parent plasmid vector pKKTac (results ribe plasmid in theno-111mutant cells leads to the production of
shown). In contrast, a short RNA transcri230 nt in length) was a full-length CAT message (lane 11) possessing the same size as
detected for pTC44 instead of the full-length CAT message (lane #).e one produced from the control plasmid pAG44 (lane 9). Thus,
In the case of pTC30, the amount of full-length transcript wathese data strongly suggest that the truncated RNA results from
drastically reduced (between 50 and 70% loss of signal as compageRho-dependent termination event involving the (riJr€peat
to pAG30) (lane 4) and a faint band corresponding to the shayh the transcript. This conclusion was supported by additional
transcript could be seen upon longer exposure of the blot (results eaperiments (not shown) in which the 44 bp repeat was inserted
shown). The blots were further analyzed by hybridization with twalownstream from the start codon (AUG) of the CAT gé&hel(
other DNA probes. ThEcdRI-BanHI probe that is specific to the site). In this case, the Rho-dependent transcription termination
promoter proximal region gave the same patterns as in Biyure associated with the (rUrg)epeat on the transcript was observed
The PvUl-Sty probe, which covers the middle of the CAT only in the absence of protein synthesis (10 min treatment with
transcript, revealed the full-length message for pAG44 and, tochloramphenicol or tetracycline). These results are consistent
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Figure 4. In vitro transcription of pAGn and pTCn plasmids in the absence (-)
or the presence (+) of Rho protein. The Rho-dependent termination products
generated from the control plasmidtiR1, are designated by I, Il and Il and
correspond to the preferred subsites withitRé& terminator. MW refers to RNA

Figure 3. S1 mapping of the Rho-dependent termination end-points. RNAs molecular wei . :
" . LI - h ght markers that have been produced by run-off transcription using
extracted frontt.coli cells containing the indicated construct were hybridized with plasmids cut at appropriate restriction sites.

the template strand of théndlll-Pvul fragment, digested with S1 nuclease and
analyzed on a 6% denaturing polyacrylamide gel. A+G and T+C correspond to the
Maxam and Gilbert sequencing ladders obtained from the same DNA fragment.

the presence of Rho protein and the resulting transcripts were

with the well-known interference between translation and@nalyzed by polyacrylamide gel electrophoresis. As shown in

Rho-dependent transcription termination. Figure4, transcription of all plasmids in the absence of Rho gives
rise to high molecular weight RNAs, most of which presumably

S1 mapping of the termination endpoints originate at the strong Tac promoter. The ability of Rho to bring
about transcription termination under dnirvitro conditions is

As a further step to characterize the Rho-dependent RNA releg@garly seen with the control plasmidtR1 which contains the
within pTC44 and pTC3h vivo, we analyzed the termination Rho-dependent terminatoktR1 inserted in the functional
endpoints by S1 mapping. Cellular RNAs isolated fi®moli  Orientation at th&al site of the pKKTac vector. The presence of
cells harboring the plasmids were hybridized t6 en@l-labeled Rho protein caused the RNA polymerase to terminate transcription
single-stranded DNA probe (the template strand oHihdlll-  Of pAtR1 at the well-characterized preferred subsites tl, tll and til
Pvul DNA fragment) and digested with S1 nuclease as describdadicated on the right side of the gel (”y.The presence of Rho

in Materials and Methods. The data in FigBiearly show that had no significant effect on transcription of the plasmids pAG44,
the RNAs extracted from cells transformed with pTC44 andAG30 and pTC20. In contrast, several Rho-dependent termination
pTC30 contain CAT-specific truncated transcripts, thegrgls  products were readily detected for pTC44 and, to some extent, for
clustering over(b nt within the sequence-BUUUG. The PTC30 (Fig.4). Hence, in support of the vivo experiments,
amount of truncated transcripts is lower for pTC30 than fothese results show that the presence of at least 30 nt of the,(rUrC)
pTC44 which is in line with the northern blot analyses. Howevefepeat on the transcript mediates Rho-dependent termination at
the fact that we detect as much truncated RNA for pTC30 malpwnstream non-terminator DNA sequences. Efficientitro
indicate either a higher sensitivity of the S1 mapping experimeftho-dependent activity, however, is more clearly revealed with the
or technical limitations of the northern blot analyses whe®TC44 construct for which a predominant termination product is
detecting low amounts of short RNAs. The cluster of RN#n@s ~ observed. This termination product corresponds to an RNA of
detected by S1 mapping is obviously related to the sites on thB30 nt in length, indicating that the release site is 130 bp
DNA template where Rho-dependent RNA release occurs. Thegewnstream from the repeat. Therefore, the major site at which Rho
release sites are located 130 bp downstream from the (Ag/T@)ings about transcription terminationvitro on pTC44 is the same
repeat (between positions 230 and 235 relative to the transcriptia® the one detected by S1 mapping of RNAs prodooédo

start site in the pTC44 construct). Conceivably, the distribution of To provide additional proof that the (rUgC3equence on the
RNA 3 ends may also reflect a heterogeneity of the S1 digest dtranscript is involved in the Rho termination activity, we performed
to thermal fluctuations. Therefore, these results do not exclude tHi@nscription experiments in the presence of oligonucleotide

possibility that Rho protein brings about RNA release at a singompetitors. As shown in Figue the Rho termination activity
template positiofn vivo. of pTC44 is completely inhibited by the presence of the antisense

AG18 oligonucleotide. Under the same conditions, no inhibition
was observed with the sense CT18 oligomer @yigor when the

two complementary oligonucleotides AG18 and CT18 were
We next investigated the effect of the (AG/TONA repeats on added as a duplex (data not shown). Also, the effect is sequence
transcriptionin vitro on supercoiled plasmids. The pAGn andspecific since the AG18 oligomer did not interfere with the Rho
pTCn plasmid series, at native superhelical density, wetermination activity of the plasmid\(R1 (Fig.5). Thus, these
transcribed by purifie.coli RNA polymerase in the absence orresults show that the formation of a heteroduplex between the

In vitro Rho-dependent termination
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Figure 6. Determination ofn vitro transcription pause sites in pTC44 construct.

A linear DNA fragment from pTC44 was transcribed in the absence (—) or presence
(+) of Rho protein for the indicated time. The arrow shows the major
Rho-dependent termination product generated from the supercoiled pTC44
plasmid.

Figure 5. Effect of AG18 and CT18 oligonucleotides dam vitro Rho
termination of pTC44. @R1 and pTC44 were transcrib&d vitro in the
presence (+) or in the absence () of Rho protein. AG18, CT18 and AG18/CT18anscription of the inserts in the orientation encoding the (fUrC)

duplex oligonucleotides were added just prior to transcription elongation. Therepetition on the transcript leads to Rho- depen dent termination

arrow indicates the major Rho-dependent termination product of pTC44 and I, =M™ .
II, Il the Rho-terminated RNAs ofptR1. within the downstream non-terminator DNA sequences. The Rho
termination activity is observed with the plasmids harboring
(rUrC), sequence on the transcript and the AG18 DNA oligomd*C/TCh inserts of 30 and 44 bp in length and a nearly 100%
affects the Rho-dependent termination process. termination efficiency is obtamed vivo W|th the 44 bp repeat.
The molecular mechanism by which Rho brings about
o : . . transcript release at Rho-dependent termination sites is still not
The Rho termination endpoints coincide with RNA completely understood. It is clear, however, that the interactions

polymerase pause sites between Rho protein and the nascent transcript are at the basis of

To determine whether the sites of Rho-dependent RNA releati® termination processiZ,13). The protein first binds to a
correlate with positions on the DNA template where RNAsegment of the transcript (loading site) encoded by the upstream
polymerase experiences extensive pausing, we analyzed st of the terminatom(t element). Following cycles of ATP
kinetics of RNA elongation in the absence of Rho. In thesBydrolysis, Rho acts at a distance by causing transcript release
experiments, thEcaRI-Pvul restriction fragment from pTC44 downstream from its initial binding site. Within the framework of
was used as template in order to avoid the interference #fis model, our results suggest that the (rir€petition on the
truncated RNAs originating from other promoters carried on th#anscript serves as an efficient loading site for Rho protein.
plasmid. Figures shows the comparison of the Tac-promoted Itis generally accepted that the initial interaction of Rho and the
RNAs made after 30, 60, 90 and 300 s of synthesis with tH&NA transcript is predominantly determined by the proportion of
transcripts that have been terminated by Rho protein. The d#gosine residues within this stretch of unstructured RNA
clearly show that the rate of RNA synthesis across the fragme(@0.24). Thus, the Rho-dependent termination activity of our
is not uniform. RNA polymerase pauses at several templag@nstructs is presumably reflecting a stable association of Rho
positions and most of the Rho-dependent termination sité4th the (rUrC) RNA repeat due to the large content of cytosines
coincide with pause sites of RNA polymerase. The pattern ¢60%). The binding site for hexameric Rho has been shown to
Rho-dependent termination obtained with the restriction fragmefitvolve 70-80 contiguous nucleotides of RNZ&X22). Since the
differs slightly from the one observed with the supercoilecize of the repeats in our constructs is smaller, the contribution of
plasmid. The 230 nt RNA (shown by an arrow in Bigis still  RNA flanking sequences to the initial binding cannot be excluded.
the major Rho-dependent termination product but the terminatidtowever, we observed efficient Rho-dependent termination activity
endpoint splits into a doublet of bands. This result suggests thden the repeat was inserted within a different sequence context
the topological state of the DNA template modulates thén the middle of the CAT gene, in tReul site). Also, the RNA

Rho-dependent termination process. sequences (up to 40 nt upstream and downstream) surrounding
both insertion sitesS@al andPvul) do not harbor any clusters of
DISCUSSION cytosines. Therefore, the (rUsCsequence on the transcript

seems to play the major role at the initial binding. Additional
In this work, we preseim vivo andin vitro data demonstrating that support to this conclusion is provided by the oligonucleotide
an artificial Rho-dependent terminator is readily generated by tliempetition experiments. In effect, to interfere with Rho
insertion of (AG/TG) DNA repeats within a transcription unit. termination activity, the heteroduplex must block the initial
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