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ABSTRACT

23S rRNA in Rhodobacter capsulatus  shows endoribo-
nuclease Il (RNase lll)-dependent fragmentation  in
vivo at a unique extra stem-loop extending from position
1271 to 1331. RNase lll is a double strand (ds)-specific
endoribonuclease. This substrate preference is
mediated by a double-stranded RNA binding domain
(dsRBD) within the protein. Although a certain degree

of double strandedness is a prerequisite, the question
arises what structural features exactly make this extra
stem—loop an RNase Il cleavage site, distinguishing it
from the plethora of stem—loops in 23S rRNA? We used
RNase Il purified from R.capsulatus and Escherichia
coli, respectively, together with well known substrates

for E.coli RNase Il and RNA substrates derived from
the special cleavage site in  R.capsulatus 23S rRNA to
study the interaction between the  Rhodobacter enzyme
and the fragmentation site. Although both enzymes are
very similar in their amino acid sequence, they exhibit
significant differences in binding and cleavage of
these in vitro substrates.

INTRODUCTION

serves as the RNase Il cleavage site. The two resulting rRNA
fragments are joined non-covaleritiyivoto generate a functional
23S rRNA. Fragmentation of rRNA occurs in some other bacteria,
for instance inSalmonellaspp (9,10), some cyanobacterid 1),
Agrobacterium tumefacienfl2) and Rhodobacter jghaeroides
(13), a close relative dR.capsulatusThe biological function of
rRNA fragmentation still remains uncledrj, although there is
some evidence that fragmented rRNA may provide a selective
advantage for the bacterium under certain growth conditions
(15,16). The amino acid sequence RfcapsulatusRNase IlI
closely resembles other bacterial RNase Ill proteli. (The
processing specificity of RNase Ill is still poorly understood. This
relates to both participants of this particular RNA—protein
recognition system. RNase |l substrates consist of structured
nucleotide stretches with various patterns of intramolecular base
pairing but lacking a consensus on the level of the primary
sequence. The resulting double helical structuréRéf bp
(approximately two helical turns) contains one or two scissile
internucleotide bonds. The deep and narrow major groove of
A-form double-stranded (ds)RNA, inaccessible for potential
protein contacts, could explain the lack of a consensus sequence.
Cleavage is precise, but is not readily predictable from structure
or sequence. Recently, the concept of anti-determinants, well
known from tRNA recognition1(), has been applied to RNase

Ribonucleases (RNases) are key components of the cell, converffgubstrates. An RNase lll cleavage site would thus be defined
mostly inactive RNA precursors into biologically active maturely the absence of ‘disfavoured’ sequence maitifs On the side
RNA molecules. One of these ribonucleases is endoribonucleddehe protein the contribution of the C-terminal dsRNA binding
Il (RNase IIl, EC 1.3.24). RNase Il cleaves rRNA precursors iffomain (dsRBD) module in creating substrate specificity appears

bacteria and yeast during maturation of rRNA2)Y. The

critical. The dsRBD is a ubiquitous protein module present in a

Escherichia colenzyme participates in precursor rRNA trimming, Widely diverse class of regulatory proteins which bind folded

but is also involved in other pathways of RNA turnovgd)

RNAs (20). The module can be present in a protein in multiple

Acting on their respective mRNAs, RNase |1l directly influence<opies £1,22). Biological activity in many cases relies only on
the level of a broad variety of corresponding cellular proteins. I[Pecific binding without subsequent (nucleolytic) catalysis. In
E.coli RNase Il represents only 0.01% of total cell proté&n ( this work we analyse the structural basis for the interaction

and although the enzyme is not essential for viabiti}y ifs

betweerR.capsulatufkNase Il and the fragmentation signal in

presence and primary sequence are highly conserved in nearly?za’EHS rRNA.

known bacterial genomes, even in the minimal genome

Mycoplasma genitaliuni7). In thea purple bacteriunRhodo-
bacter capsulatuthe 23S rRNA is fragmented vivointo 16S

and 14S rRNA molecules. As shown previously, this fragmentation
is RNase lll-dependens8). In contrast tcE.coli, Rhodobacter

of
MATERIALS AND METHODS

Qverexpression ofR.capsulatugHis)s-RNase Il in E.coli
Thernc gene for RNase Il dR.capsulatusvas PCR amplified.

23S rRNA has an extra stem—loop inserted in helix 46 whicA pGEM-3Zf(-) plasmid (Promega) harbouring a 1.7Rdd
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fragment containing the entife.capsulatusnc gene 23) was Ramini23S antisense, &5GGGCGAAGCTTGTTGACTCATG-
used as template. PCR primers were as follawsPstup, n TCAACATTCTC-3 (30 nt,Hindlll site underlined). Primers for
5-GAAAGTTGCTGCAGACCTCTCTGC-3, rncHindllldown,  amplification of the E.coli mini substrate DNA usinge.coli
5'-CGAATCAAGCTTGCGTTTCTTCGG-3(Pst andHindlIl chromosomal DNA as template werdanini23S sense,
sites, respectively, are underlined). The resulting pro@id®0(bp) 5-GGGGEGAATTCTAATACGACTCACTATAGGTTCTGTA-

was purified (Qiaex DNA gel extraction kit; Qiagen) and clonedARGCCTGCGAAGGTG TGCTGT-3(57 nt,EcadRl site under-

into thePst andHindlll sites of the polylinker of the hexahistidine lined); Ecmini23S antisense, &GGCGAAGCTTGCTGACT-

tag vector pQE-30 (Qiagen). For further characterization thEATGTCAGCATTCGC-3 (33 nt,Hindlll site underlined). The
resulting plasmid (pQE-3Bfc rnd) was transformed inte.coli 5 sense primers carry a T7 promoter region for transcription
JM109 (Stratagene). The correct sequence was confirmed ioytiation. PCR was carried out at annealing temperatures 6f 45
DNA sequencing. In addition to the N-terminal hexahistidine tag45 s), followed by extension at 42 (30 s). Cycles were
the cloned RNase Ill d®.capsulatusontains 15 vector-encoded repeated 31 times. The resulting PCR products were purified
N-terminal amino acids not present in the wild-type RNase llffrom low melting point agarose gels. Finally, the particular PCR
For protein expression the vector was propagate&.aoli  products were cut witHindlll andEcdRl and cloned into pUC18
M15[pREP4] cells (Qiagen) at 3€ using standard | medium vectors. Integrity of the insert was confirmed by sequencing of the
containing ampicillin (20Qug/ml) and kanamycin (2fg/ml).  resulting plasmids.

Overexpression of recombinant RNase Il was induced by adding

IPTG at a final concentration of 1.5 mM when cells reached a vitro transcription of RNAs

ODggoof 0.8. After continued incubation at¥7 for 2 h, the cells

were harvested by centrifugation at 5@0énd stored at —7@.  The pUC18 vector templates fiorvitro transcription carrying the
DNA sequence of the particular RNA substrate located behind a T7

promoter were linearized witdindlll (for RcandEc mini RNAs,
respectively) orHpall (Hpa mini RNA) to enable run-off

All of the following steps were carried out on ice following thetranscription. As templates for N26 and N44 we wadigdnucleo-
protocol for native purification of soluble proteins (Qiagen). Antides with an annealed 18mer promoter oligonucleofide¥).
aliquot of 1.4 g inducefl.colicells was resuspended in sonicationin vitro transcription with T7 RNA polymerase (NEB) was
buffer (50 mM NacCl, 50 mM Tris—HCI, pH 7.5, 0.1 mM PMSF). performed as described elsewh@&Z6). To generate internally
Lysozyme was added at a final concentration of 1 mg/ml. Thabelled RNAs, ¢-32PJUTP (20 uCi) was included in each
suspension was incubated for 30 min on ice and subsequentignscription reaction. Polynucleotide kinase (PNK) was used for
sonicated five times using a Sonopuls GM 70 sonicator (Bandeliy-labelling of dephosphorylated RNAs, with|50i [a-32P]ATP

A sample of 7 ml Ni-NTA—agarose was prepared and equilibratquer reaction added. Radioactively labelled RNA transcripts were
essentially following the manufacturer’s protocol (Qiagen). Theurified on a 10% polyacrylamide—7 M urea gel, the bands cut out
His-tagged protein was bound to the agarose in a batch procedaral the substrates eluted from the crushed gel bands overnight at
for 2 hwith vigorous shaking on ice. The material was packed intmom temperature in RNA elution buffer (0.5 M NaOAc, pH 5.0,
a column (1.6 cm diameter) and washed with sonication buffer &tmM EDTA, pH 8.0, 2.5% v/v phenol). Specific activities of the
a flow rate of 0.5 ml/min until the UV baseline was reached. TRNAs were of the order of 2@.p.m./pmol.

remove contaminating proteins the column was then washed

extensively with sonication buffer containing 20 mM imidazole Enzymatic assays

The recombinant protein was eluted with a gradient of 0-500 mM N o .

imidazole in sonication buffer (90 min, 0.5 ml/min) using aln addition to thékc HpaandEc mini RNAs, two variants of the
GradiFra¢’ chromatography system (Pharmacia). Fractions of 1 niell-studied phage T7 R1.1 processing signal for RNase IIl, N26
were collected and kept &t@ or at —70C for long-term storage. and N44, were used as substrates (EjigThe latter have been
Prior to use during enzymatic assays the RNase 1l fractions wefigscribed elsewher@4,25). Cleavage assays were performed
dialysed in a cold room against dialysis buffer (50 mM Tris—HClusing in vitro transcribed RNA_ substrates, either internally
pH 7.5, 50 mM NaCl, 0.01% sodium azide, 1 mM DTT). A mockfabe_lled or 5labelled as described above. The assays were
purification under the same conditions was performedBvithli ~ carried out in cleavage buffer (30 mM Tris—HCI, pH 7.5, 10 mM

M15 cells expressing the pQE30 vector alone. MgCl; or MgOAc, 130 mM KClI, 5% glycerol) at 37 or 32 for
the indicated time (usually 1-3 min). In some assays monovalent

cations were omitted to determine their influence on cleavage
specificity of RNase Ill. For each assay 5000 c.p.m. of the
Escherichia coliRNase Il was purified from the overexpressingparticular substrate were used. Assay volumes werg. lthe
E.coli strain HMS174(DE3)/pET-11aid as previously described reactions were stopped by addition @fl ®ormamide-containing
(249). dye and placed on ice. Reaction products were incubatetiGt 65
for 3 min and analysed on a 10% polyacrylamide—7 M urea gel.

Construction of DNA templates forin vitro transcription of ~ Bands were detected by autoradiography.
RNAs

The DNA template fain vitro transcription of th&cmini RNA was
constructed by PCR using genomic DNA Rfcapsulatusas To determine the position of the RNase Il processing site in the
template and the following primerRanini23S sense, ®%GG-  Rcmini RNA we used primer extension analysis. The primer for
GGGAATTCTAATACGACTCACTATAGGTTCTGTGATATA- the extension reactionR{mini ext) had the sequence
GCACCGCCCGACTTTAGC-3(60 nt,EccRl site underlined); 5-CGCTTCTGATCACTCCAC-3and annealed to nt 96-113 of

Purification of R.capsulatugHis)s-RNase IlI

Purification of E.coli RNase Il

Mapping of the RNase lll cleavage site by primer extension
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Figure 1.Proposed secondary structures of the RNA substrates for RNase 1l used in this study. The processing sites for Rintisatétdrg arrows: bold arrows,
primary site; small arrow, secondary site. Shaded boxes highligRidhpsulatugxtra stem—loop element in tRemini andHpamini RNAs. The table summarizes
the fragment sizes resulting frdRhodobacteRNase Il cleavage at primary and secondary sites, respectively.
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Figure 2. Processing of 139 rRc mini and 79 ntHpa mini substrate Figure 3. Cleavage of internally and-BbelledRcmini RNA ((B00O c.p.m./lane)
(2000 c.p.m./lane) byR.capsulatugRg andE.coli (Ec) RNase Il (30 nM by R.capsulatufNase Ill (30 nM dimer) in standard cleavage buffeanti
dimer) in standard cleavage buffer (Materials and Methods). St, RNA standardl.5, incubation oRcmini RNA withR.capsulatu&Nase |1l for 1 and 1.5 min,
(500-100 nt); C, control. respectively.

Sigma) and nitroblue tetrazolium (NBT)/BCIP (X-phosphate) as

theRcmini RNA (see Figl). Aliquots of 100 pmol primer were substrate for the colour reaction.

labelled for 30 min at 3T with 30 uCi [y-32PJATP using
polynucleotide kinase and subsequently purified with a Nu€Trap
push column (Stratagene). Unlabelled mini substrate RNA
was incubated witR.capsulatugHis)s-RNase 111 (30 nM dimer)  To detect formation of RNA-RNase Ill complexes3gP]UTP-

in cleavage buffer at 3T for 5, 10 or 15 min. After phenol |abelledRc mini substrate (10 000 c.p.m.) was dissolved»n 2
extraction and ethanol precipitation of the RNA the substrate waift buffer (320 mM KCI, 60 mM Tris—HCI, pH 7.5, 10 mM
dissolved in ful 2x primer extension buffer (100 mM Tris—HCI, EDTA, 20% v/v glycerol, 0.2 mM DTT) and incubated with
pH 8.3, 100 mM KCI, 20 mM MgG] 20 mM DTT, 0.2 mM  various amounts dR.capsulatur E.coli RNase Il for 1 h at
spermidine, 2 mM each dNTPs). Approximately 200 000 c.p.moom temperature. The samples were then placed on ice. Aliquots
primer and 5ug E.coli tRNA were added and annealing tookwere run on 7% polyacrylamide gels containing«OLBE buffer

place in a final volume of 1@ for 10 min at 70C. The samples for (4 h at 10 V/cm in a cold room. The gels were dried and
were cooled to room temperature and anothgt < primer  radioactive bands were detected by autoradiography.

extension buffer, 1.441 40 mM sodium pyrophosphate, 216

water and Jl AMV reverse transcriptase (23 W) were added. RESULTS

The reaction was incubated for 30 min at@2and precipitated o

with isopropanol at room temperature. The precipitate waRurification of R.capsulatuskNase |II

dissolved in water, heated (10 min,°@) and analysed on a (i) RNase IIl fromR.capsulatusvas purified to apparent

polyacrylamide—urea gel. Sequencing reactions of the DNRomogeneity using Ni-NTA affinity chromatography. We were
template for théRc mini substrate using the same primer Wereypje to isolate1.5-20 mg recombinant RNase Il from 1.4 g

loaded on the same gel to map the position of the cleavage site fog i M15 cells. During 2 h bacterial growth after IPTG

RNase IlI. induction and increased production of recombinant RNase Ill a
toxic effect on the cells was not observed. A mock purification of
Immunological methods IPTG-induced M15 cells carrying the pQE vector withoutitize
insert showed no RNase lll-like activity in the enzymatic assay
(data not shown). This indicates that endogenous RNase Il of
E.coli M15 did not bind to the Ni-NTA column. The enzymatic

Gel electrophoretic mobility shift assay

Anti-RNase Il sera directed again&tcoli and R.capsulatus
RNase I, respectively, were raised udihgoli RNase Ill, purified
via poly(l)-poly(C) affinity chromatography{), andR. capsulatus i i ;

(His)s-RNase |Il, purified using Ni-NTA chromatography, as g(?g;guﬁe\?jgm;d is therefore due to (igi@Nase il of
antigens. The purified proteins were lyophilized and used for
production of antibodies in rabbits (Eurogentech, Belgium). Serg,
were purified using protein A-Sepharose chromatography. For
western blot analysis, proteins were separated by SDS—PAGE &m study the biochemical propertiesRicapsulatufkNase i,

15% polyacrylamide gels and transferred to nitrocellulose bwe tested the enzyme’s dependence on divalent cations and the
semi-dry electroblotting (Pharmacia). Membranes were incubatéafluence of monovalent cations on cleavage of additional sites in
with anti-RNase Il antibodies (1:200) or corresponding prethe employed RNA substratddmini, Hpa mini, Ec mini, N26
immune sera as a control. Immune complexes were detected withd N44; Figl). These substrates are either derived from 23S
anti-rabbit IgG alkaline phosphatase conjugate (diluted 1:700€RNA structures oR.capsulatugRcandHpamini substrates) or

ochemical properties of (Hisy-RNase IlI
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Figure 4. Incubation ofEc mini RNA (3000 c.p.m./assay) wifR.capsulatus Figure 5. Three different RNA substrates (NEB&mini, N44; 2000 c.p.m./lane
(R9 andE.coli (Ec) RNase Il (30 nM dimer) at different salt concentrations.  each) incubated for 3 min at 32 with R.capsulatugRd or E.coli (Ec) RNase IlI
(30 nM dimer) in standard assay buffer. C, control.

E.coli (Ec mini), respectively, or from the phage T7 R1.1 RNase

Il processing signal (N26 and N44). Maximum activity of thejn contrast, the RNA substrate containing [Eisbli rRNA helix
enzyme was observed at a pH of 7.5°@Rwith 10-20 MM 46 (Ec mini RNA, 81 nt; Fig.) is not processed by RNase IlI
MgClp using N26 RNA as a substrate. Mrand C8* can  from R.capsulatusor E.coli even at low concentrations of
substitute for Mg* (optima at 1 and 5 mM, respectively), monovalent cations (Figd). It has been noted before that
whereas C¥ and Zrf* (0-50 mM) do not support enzymatic gtherwise unreactive RNAs could serve as RNase IIl substrates
activity (data not shown). ThughodobacteRNase Il has the gzt |ow salt concentration& {-29).

same divalent cation requirement&asoli RNase Ill, with only N26 RNA (47 nt) derived from the R1.1 processing signal is
slightly different optima. Recombinant RNase Il fr&capsulatus processed by both enzymes in a similar manner BigThe

and wild-typeRhodobacteRNase Ill, which had been partially cleavage specificity dR.capsulatuiNase Ill is influenced by the
purified using ion exchange chromatography, show the sam@ncentration of monovalent cations: a secondary site is cleaved (in
substrate specificity with the N26 RNA (data not shown)gqdition to the primary processing site) at low salt concentrations
Catalytic activity of RNase Il is not inhibited by 40 U RNasin (see Fig1). This was previously noted fé.coli RNase IIl 04).
RNase inhibitor (Promega). The ion requirementR.obpsulatus  RhodobacterRNase il exhibits a stronger preference for the
RNase Ill resemble those &f.coli RNase I, although with Secondary C|eavage site of the N26 substrate than doEsctie

somewhat altered optima. enzyme (Fig5, lanes 2 and 3). In cleavage of N26 RNA the 9/10 nt
doublet band is due to non-template-directed addition of a nucleotide
Substrate specificity to the 3-terminus of the nascent transcript by T7 RNA polymerase

(26,27). An additional 10 nt band (carrying the N26eBd)
To address the special situation of fragmented 23S rRNA imsulting from cleavage at the secondary site contains only one
Rhodobacterwe usedin vitro substrates derived from the 32P-labelled uridine residue and therefore does not significantly
extended helix 46 processing site of RNase [Rioapsulatus increase the signal of the 10 nt band resulting from the hetero-
rRNA. The corresponding canonical stem—loop 4E.0bli, the  geneous ‘3end. TheRcmini RNA shows secondary site cleavage
recipient site for the extra stem—loop, served as an additionalat low concentrations of monovalent cations (Mg.lane 3),
vitro substrate which, though also structured, is not cleaved ligsembling R1.1-derived substrat24,£8,29). The slightly shorter
RNase Il Ecmini RNA). The twaRhodobactemini 23S rRNA  N44 RNA (41 nt) cannot be cleaved by RNase IRafapsulatus
substrates we designed (Flj.are processeid vitro by RNase under conditions where cleavagebbgoli RNase Il occurs (Fi,
Il of R.capsulatuswvhile purified E.coli RNase Il shows no lanes 8 and 9). In the absence ofs8Hthe enzymes of both
detectable enzymatic activity with the same substrates undenganisms are able to processRieapsulatu¢ 39 nt mini substrate
identical conditions. With thecmini RNA (139 nt) the resulting (Fig.6, lanes 3 and 4). At concentrations of 100 mM KCI og@IH
fragments are 54 and 85 nt in size; the smililermini substrate  however, RNase Il oR.capsulatusexhibits normal processing
(79 nt) is cleaved into fragments of 54 and 25 nt @ign each  activity with theRcmini RNA whereas thE.colienzyme no longer
case the 54 nt fragment carries thedd of the molecule, as cleaves the substrate. Processing activity dRtbapsulatusnzyme
demonstrated by cleavage of theldbelled substrates and significantly decreases at salt concentrations higher than 150 mM
comparison of the resulting fragment(s) with the product&Cl. At concentrations of >200 mM KCI or NigI Rhodobacter
resulting from cleavage of the internally labelled substrates3frig. RNase Il no longer cleaves the mini substrate @jig.
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Figure 6. Processing of 139 nRc mini RNA (2000 c.p.m./lane) by 0 50 100 250 350 450 550 650 750 850 1000 1250 [- oM RNase IH]
R.capsulatusRg and E.coli (Ec) RNase Il (30 nM dimer) at different
concentrations of monovalent cations. Standard cleavage buffer without sal
was supplemented with Nj8I and KClI, respectively. C, uncleaved substrate;
St, RNA standard (500-100 nt).
== me e | RNase IIVRNA

complex

Binding of RNase Il to Rc mini RNA

To examine whether the extremely reduced processing activity -dd-‘ we e B oo | freeRNA
E.coliRNase Il with the 139 iRcmini RNA (see above) is due ;

to lack of substrate binding or due to impaired enzymatic catalys
we employed gel shift experiments. Gel electrophoretic mobility |
shift assays under identical binding conditions show a highe.,
affinity of R.capsulatu®Nase Il forRcmini RNA compared with
RNase Il fromE.coli (Fig. 7A and B).Escherichia colRNase Il Figure 7.(A) Gel mobility shift assay witk.coli RNase 11l andRcmini RNA

is apparently unable to bind tRe mini substrate with an affinity as (10 000 c.p.m./lane)B) Gel mobility shift assay witR.capsulatufRNase |1

high as theR.capsulatusenzyme. This corresponds to the lower andRcmini substrate (10 000 c.p.m./lane). A shifted complex becomes visible
processing activity oF.coli RNase Il with theRc mini substrate 37250 "M RNase il

compared with th&.capsulatugnzyme (Fig® and6).

Position of the cleavage site for RNase Ill in th&c mini Immunological behaviour of RNase Il

RNA

) ) ) . . . Despite strong sequence similarity Rfcapsulatusand E.coli
Previous experiments) using low resolution primer extension RNases Iil polyclonal antibodies raised againsEtelienzyme
and oligonucleotide probing indicated the presence of @0 o not crossreact with the (Highgged enzyme frohodobacter
processing site for RNase Ill RhodobacterRNA at position ~ A polyclonal antiserum against the His-tagged enzyme of
1364 of the large ribosomal subunit RNA (numbering according capsulatusloes not show crossreaction with purified RNase |1
to the rRNA database entry). In addition to this majeertsl of  of E.coli during western blot analysis (F@).
the RNA fragment (indicated in Fitj), a minor 5-end at position
1321 was observed (nt 57Rtmini RNA; Fig.1). Both 3-ends ISCUSSION
were thought to be generated by RNase llI cleavage. AIternativeB,
the major 5end could arise from subsequent exonucleolytids a starting point for an analysis of the interaction of
processing after cleavage at the observed mihend Our RhodobacteRNase Il with the 23S rRNA fragmentation site we
primer extension analysis of the cleaRamini RNA shows that first chose cleavage reactions with two well-established substrates
the in vitro processing site appears to be exclusively locatedsed during analysis &.coli RNase Ill, N26 and N44 (see Fig.
between nucleotides U54 and C55 (Bigl). In this region the 1). Both substrates are related to the T7 phage early RNA R1.1
RNA is predicted to be double-stranded. The double-strandguocessing site2@). The N26 substrate has 47 nt comprising the
region with the cleavage site is flanked by bulge loops on bottem—loop of the original R1.1 site. An upper and lower helical
sides, resembling a ‘bulge—helix-bulge’ motif. The position oktem are connected through an asymmetrical internal loop. For
this site is very close to the previously descrilbedivo minor  substrate recognitiofic.coli RNase Il does not require the
5'-end. The observed majof-éndin vivo must originate from internal loop and terminal tetraloop found in NZ&)( This
subsequent trimming of théBagment after an initial cut at U54. substrate is readily processed by RNase H.cbliand has since
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organisms (not shown). We noticed that a single-stranded
] ] ) ) o extension of the N44'&nd by just 4 nt (SACCA-3') (N44+4)
Figure 8. Primer extension analysis BEmini RNA cleaved bR capsulatus - yastoreq cleavage in this substrate. To determine the contribution
RNase Ill. @ (lanel),'send of the uncleavag@cmini RNA; cut (lanes 2 and 5), " .
observed Sends after cleavage of the RNA substrat®mapsulatuRNase ~ Of the additional nucleotides we constructed three RNAs
1l (5 min, 37°C). The upper band corresponds to therfil of the full-lengtn ~ €xtended by 1, 2 or 3 nt at tHeehd. The nucleotides used for the
substrate (compare lane 1). The lower band indicates the additienal &fter extensions were A (N44+1), AC (N44+2) and ACC (N44+3).
f’\‘casf ('C'Lf#ez‘;gﬁzn%fst?gnngigi;’a‘ﬁi Thl‘i ?regd gf/txhi(lsaaaegd3c2”§2?%n7d)s .o nstead of the G-U base pair at the termini of the N44 RNA lower
I(e)tter refers ?0 the corresponding nuc?éotide'oﬂ:’the’nini DNA t('em’plate as ’ em (Flg.l) all of the extended Sl.JbStI’a.tes pOSSESS an A instead
determined by dideoxy sequencing. Parts ofRbenini RNA sequence are  Of the terminal 3U, therefore lacking this G-U interaction. The
indicated on the right side of the figure and are numbered according to Figure L nt (A) extension does not restore substrate character to N44
The RNase lll cleavage site has been marked by an arrow. RNA. Cleavage of N44 RNA seems to be restored by the addition
of 2 nt (AC). N44+3 (ACC) RNA, however, is processed with a
slightly reduced activity. Although increased processing is
been the standard for RNase Ill activity assays. A singlebserved through the mere addition 6fn8cleotides, further
nucleotide bond located in the internal loop is cut under standaggperiments are necessary for a detailed analysis of the contribution
conditions. When assayed wiRhodobacterRNase 11l under of the lower stem.
identical conditions the enzyme shows optimal ion requirementsWe then analysed substrates derived from the fragmentation
comparable with those d&.coli RNase Il ¢4). The preferred site inRhodobacte23S rRNA. The 139 iRemini RNA (Fig.1)
divalent cation is M§" at a concentration of 10-20 mM, with comprises the canonical helix 46 and the inserted extra stem-—
Mn2* and C8* able to substitute at optimal concentrations of 1oop.RhodobacteRNase IlI cleaves this substrate exclusively at
and 5 mM, respectively. €aand Z#* do not support catalytic the nucleotide bond between U54 and C55 (Bigad8). The
activity. Me** ions are important for catalysis but their impact inposition of the cleavage site was confirmed by primer extension
substrate recognition appears to be rather limited. Protein contaétthe 3 cleavage product (Fi@®) and by using HabelledRc
appears to be established through direct sugar—phosphate backboimé substrate (Fig3). The site thus corresponds well to the
interaction 80). As withE.coliRNase IlI, substitution with Mit  previously observed minof-8ndin vivo (8). An alternative way
and C@&* significantly increases processing at an otherwisef processing this substrate would be cleavage of a dormant
dormant secondary cleavage site in the I1@djp {This is also the RNase Il site in the canonical stem, possibly unmasked through
case when the concentration of monovalent cations is lowered.dttuctural changes after insertion of the extra stem-loop. We
summaryRhodobacteRNase Ill performs very similarly to the excluded cleavage in the canonical stem—loop by constructing a
E.coli enzyme when assayed with N26 RNA. substrate which comprises thecoli stem—loop aloneE.coli
N44 is derived from N26 with a shorter helix by just 3 bp.mini RNA; Fig.1). This stem—loop is highly similar E.coliand
Structural analysis of N44 by NMR spectroscopy, optical meltingRhodobacterNeither Rhodobactemor E.coli RNase Il could
and chemical and enzymatic modification showed that it retainwocess this substrate (Fig). The observed major'-gnd
all the structural features of the parent molecule 2§ (talso  generatedh vivo after fragmentation lieSb0 nt downstream of
resembles N26 with respect to primary and secondary site cleavalge minor 5-end, well within helix 46 (Figl; 8). To explain this
and is readily processed IBcoli RNase Ill with only slightly fact, either the action of a second endonuclease or the presence o
reduced reactivity45,27). Under standard salt concentrations wea 5 — 3' exonuclease would have to be postulated. This exonuclease
could not detect cleavage of N44 RNARIyodobacteRNase Il type has not been described yet in bacteria.
(Fig. 5, lane 8). With just 3 bp less a critical threshold value for Surprisingly,E.coli RNase Il does not cleave the 139Ra
helix length is obviously no longer met by this substrate. At lowmini RNA. This indicates that thehodobactemini substrate
salt conditions, the N44 RNA is cleaved by RNases Il of botimust have clear structural deviations from the stanBardli
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substrate type. The dsRBD BhodobacteiRNase Il must be adaptive binding to the dsRBD and presentation of the substrate
structurally adapted to these changes. to the catalytic centre in the N-terminal half of the enzyme.

To provide more evidence for the ‘plug-in’ character of the
extra stem-loop conferring cleavage at the insertion site, WeCcKNOWLEDGEMENTS
constructed the 79 kipamini RNA (Fig.1) taking advantage of
a naturally occurringipal site. This substrate comprises only theThe templates for the N26 and N44 substrates and .t
extra stem—loop with some additional terminal base pairs. Thi#rain HMS174(DE3)/pET-11a(c) were a generous gift of
substrate is also precisely cleavedRhodobacteRNase Il at  A.W.Nicholson (Detroit). The authors would like to thank
position U54, but again is not cleaved byBheolienzyme (Fig2,  Stephanie Schmalz and Christoph Scherfer for their assistance.
lane 8). These results are in line with recent experiments whef&is work was supported by Fonds der Chemischen Industrie.
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